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1

METHOD FOR REMEDIATING
POLYFLUOROCARBON-CONTAMINATED
SOIL

RELATED APPLICATION D

Thls apphcatlon claims the benefit of the filing date of
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the liver and kidneys. Since these compounds are lipopho-
bic, they do not enter fatty-tissues the way many other
organic contaminants may.

PEAS mmpacted soil 1s a continuous source ol contami-
nation to groundwater, which threatens supplies of drinking
water as well as ecosystems. Unifortunately, options for

treatmg or remediating PFAS- contammated sites are llmlted
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2019, the contents of which are incorporated herein by
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able for PFAS-contaminated soil include encapsulatlon
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FIELD

The invention relates to remediation of contaminated soil.
More specifically, the invention relates to remediation of soil
contaminated with persistent, manufactured, fluorocarbon
compounds, such as per- and/or polyfluoroalkyl substances.
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for incineration. Encapsulation methods only act to reduce
risk of exposure. Of these, only imncineration destroys PFAS,
but this method risks atmospheric emission of uncharacter-
1zed fluorinated by products, some of which are likely to be
fluorinated greenhouse gasses. Neither encapsulation nor
incineration are cost eflective and both impose significant
logistical and safety concerns. Consequently, there 1s a need

for a low-risk, eflective, and economically viable remedia-
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pertluoroalkyl substances. presence of 10 g KOH.

In one embodiment, the PFAS-contaminated soil com- FIGS. 5A and 5B show destruction profiles for (A) AFFF
prises polytluoroalkyl substances. In one embodiment, the 5 1mpacted sands (B) AFFF impacted clays.
PFAS-contaminated soil comprises PFBA (perfluorobu- FIG. 6 shows a plot of percentage PFOS destruction
tanoic acid), PFBS (pertluorobutanesulionic acid), PFBzA versus treatment parameters for FFTA sand using a long roll
(pentafluorobenzoic acid), PFDA (pertluorodecanoic acid), ball mill (ball mill parameters included sand, a grinding ball

PFDoA (prefluorododecanoic acid), PFHpA (pertluorohep- s1ze of 2.86 cm, a charge ratio of 10:1, a reagent ratio of 4:1
tanoic acid), PFHxXA (perfluorohexanoic acid), pertluoro- 10 (sand:KOH), and a speed of 47 RPM).
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sulfonic acid), PFNA (perfluorononanoic acid), PFOA milling time in FFTA sand using a unitized ball mall.
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acid), PFOSA (perfluorooctanesulfonamide), PFPeA (per- milling time in FFTA clay using a unitized ball mull.
fluoropentanoic acid), and PFUnA (perfluoroundecanoic 15

acid), fluorotelomer, or any combination thereof. In one DETAILED DESCRIPTION OF EMBODIMENTS
embodiment, the fluorotelomer comprises 6:2 fluorotelomer
sulfonate (FTS). In one embodiment, the PFAS substances Definitions

are present in the PFAS-contaminated soil in a range of
about 0.5 parts per billion (ppb) to about 40 parts per million 20  As used herein, the term “soil” refers generally to any
(ppm). In one embodiment, the PFAS substances are present solid or porous material or media that may be contaminated
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5 6
that the level of PFAS Contammatlon in the soil 1s less than per sulphate, phosphorus pentoxide, potassium hxdromdei _
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nation thereot. In one embodiment, soil 1s allowed to air dry.

EMBODIMENTS If the hydration level 1s above a threshold level, the
5 PFAS-contaminated soil 1s first dried in, or outside of, the
Methods for remedlatmg 3011 that 1S contammated with ball milling device. Drying can be done by milling the

and/or alter PFAS 1n the soil such that resulting treated soil a specified period of time or until the moisture content of the
has Substantlally no PFAS and may conform with local PFAS contammated 8011 falls below the threshold level
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optionally the drying agent 1s separated from the treated soil. (g), mass of KOH (g) and hydration level (%) on the x, vy and
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used by (Van De Ven and Mumiord 2018; Yee, Fein, and PFAS-contaminated soi1l samples as described above were
Daughney 2000) to remove impurities and fines. The result- remediated using the long roll jar mill. FIGS. 6 and 7A, 7B
ing clean sand was dried at 60° C. for 48 hours. Sand was show the results.
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solutions made from reagent grade PFOS (97%, CAS 3 Example 5. Analytical Methods
#1763-23-1) and PFOA (98%, CAS #335-67-1) purchased
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post-run to re-equilibrate the mobile phase and pressure

a4

was added. A calibrated fluoride 10n specific electrode (ISE)
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Destruction percentagses for FFTA sands and clavs after 6 hours of milling

Media PFOS PFOSA PFHxA PFPeA PFBA PEFHXS

53 69% £ 12% X X X X X

Cl 84% = 5% X <QL by 1 hr X X NO DESTRUCTION
C2 96% + 1% X <QL by 4 hr <QL by 1 hr <QL by 1 hr <QL by 6 hr

C3 69% = 1% X X <QL by 1 hr X X

Y - Nat deteeted an eamnle

(PFUnA), fluorotelomer and fluorotelomer sulfonate (F'1S).
PFOS destruction percentages and fluoride recovery 11. The method of claim 1, wherein the PFAS-contami-
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Treatment combination PFOS destruction Fluoride recovery about 40 ppm.
. 12. The method of claim 1, wherein the PFAS-contami-
15 g dry sand with KOH 85% + % 84% + 11.9% _ . ’ . .
15 ¢ dry sand, no KOH 09%0) 4 0 1% + 1.2% nated soil comprises bulk natural inorganic matter, bulk
40 g dry sand with KOH 81% = % 89% = 12.9% »o hatural organic matter, solid material, porous material, con-
0/ 4+ O 0/ 4+ 0 ' .
40 g dry sand, no KOH 840 = Vo A% = 3.5% crete, asphalt, or granular activated carbon materials.
*<QL by 4 hours of milling 13. A method for remediating per- and polyfluoroalkyl

substances (PFAS)-contaminated soil, comprising;:
disposing PFAS-contaminated soil into a ball mall;
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crete, asphalt, or granular activated carbon materials.
24. A method for remediating per- and polyfluoroalkyl 5
substances (PFAS)-contaminated soil, comprising:
disposing PFAS-contaminated soil into a ball mall;
disposing a plurality of milling balls in the ball mill; and
operating the ball mill until a specified PFAS contamina-
tion target level 1s achieved, wherein the remediation1s 10
conducted 1n the absence of a hydroxide base.
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