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Per and Polyfluoroalkyl Substances

PFAS (C,-F,, .,-R )defined by
their C-F bonds

e Uses: Fire

suppressants, cookware, food
packaging, cosmetics, etc.



Presenter Notes
Presentation Notes
PFAS are a class of compounds defined by their C-F bonds. They are useful industrially because of this bond, uses include fire suppressant foams, cookware, food packaging, cosmetics, clothing, waterproof linings, etc. I could go on. Depending on the definition you take (if you need a fully saturated carbon to define it as a PFAS) there are anywhere from 14,000 to 7 million PFAS (OECD is 7 mil). 


Health Impacts

Reduced Vaccine Response

Kidney and Testicular Cancer

Hyperthyroidism
Ulcerative Colitis
Reduced Birth Weights
Immunosuppression

High Cholesterol

PFAS-contaminated
drinking and cooking water

Total
exposure

Consumer
products
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Presenter Notes
Presentation Notes
98% of Americans have PFAS in their blood


Regulatory Timeline

2009: Added to

2001: Wildlife and Stockholm 2024: SDWA limits
human serum Convention & EPA set at 4 ng/L, 10
detection provisional health ng/L, or HI of 1

2025: EPA
announces intent to

advisory levels

1950s: PFAS i .
: rescind regulations
introduced in 2006: EU regulation 2021: Added &
industr S CEEEI T VEE t0 COL on all PFAS except
Inaustry & PFOS and PFOA

1950 2025

2023: Expansion of
industries monitored
for PFAS discharge

2016: Health lifetime
2002: OECD Report advisory limit set at
70 ng/L


Presenter Notes
Presentation Notes
These compounds have come to the forefront of research since their discovery in wildlife and human serum in the late 1990’s and early 2000s (Giesy and Kannan 2001, Hansen et al. 2001).

As attention on PFAS has grown since the early 2000s, regulatory reforms have occurred slowly. In 2002 the OECD released a report that identified PFAS as bio-accumulative and toxic to mammals, this coincided with increased concern from the United States Centers for Disease Control (CDC). Soon after there was a voluntary phase out of PFOS and PFOA by large U.S. producers after negotiations with the EPA. In 2006, certain PFAS were regulated to essential uses only in the European market. In 2009, PFAS were added to the Stockholm convention on persistent organic pollutants (Brennan et al. 2021) 
U.S. regulation has lagged slightly behind the E.U. In 2009, the EPA released provisional health advisory levels on PFAS, these were extended to lifetime health advisory warnings of 70 ng/L in 2016. PFAS was not added to the contaminant candidate list under the safe drinking water act until 2021 (Brennan et al. 2021). In 2023, the EPA expanded the list of industries being monitored for PFAS discharges into waterways to include textile and paper mills (EPA Plan 15). Final guidelines for six PFAS were published by the EPA in 2024 setting the limits in drinking water at 4 ng/L for PFOA and PFOS and 10 ng/L for PFHxS, PFNA, and HFPO-DA. A hazard index of 1 was set for mixtures including any two of PFHxS, PFNA, HFPO-DA, or PFBS. In 2025, the EPA announced its intent to rescind the regulations on everything except PFOS and PFOA although that change has not yet gone into effect (USEPA 2025). There are no current wastewater guidelines.



Environmental Sources

Point Sources Nonpoint Sources
 Manufacturing Plants * Surface runoff
 AFFF Initial Application  Atmospheric transport
 Wastewater Treatment Plant * Biosolids Application

Effluent



Classifications

Head Group Long or Short Chain
 Perfluoroalkyl acids (PFAA) e Longchain >7 carbons
o Carboxylic acid e  Exception for PFSAs (>6 carbons)

o Sulfonic acid
o Phosphonic acid
o Phosphinic acid

o Ether compounds (carboxylic or
sulfonic) (PFECA or PFESA)

. Fluorotelomer Based Substances

«  Perfluoroalkane sulfonyl fluoride (PASF)-
based substances



PFSAs




Ether Compounds

PFECAs

PFESAs
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Precursor Compounds

Fluorotelomer Based Substances

PASF Based Substances
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Study Design

Plants serving under 10,000 people

Seventeen plants agreed to
participate

Samples taken from influent,
effluent, early process solids, and
finished biosolids

Samples analyzed using a modified
version of US EPA 1633 (40 PFAS)

NPDES Compliance Section Regions

UNIVERSITY of NEBRASKA-LINCOLN
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Known Trends in Large Treatment Facilities

 |ncrease from influent to effluent of total PFAS
o Typically PFCAs and PFSAs

e Partitioning of long chain compounds into biosolids



City

Central City
Chadron
Cozad
Fairbury
Falls City
McCook

Ogallala

Sidney
Superior
Valentine

Wahoo

Waverly

Wayne

West Point

York

In Disinfection

23.55
14.75
36.89
227.02
9.34
28.82
142.89
16.43
14.89
16.06
3.46
36.62
153.90
74.50
19.00
112.18

74.047

Influent (ng/L)

Out of Disinfection

391.13
30.23
33.62
65.25
23.97
16.43
41.00
57.53
23.52
22.87
26.43
11.14
65.72
31.79

7.25
62.63
12.07

In Disinfection

10.21
119.12
75.23
96.38
24.53
77.67
81.61
26.98
19.25
53.49
580.43
57.77
108
124.79
27.60
87.91
64.06

Effluent (ng/L)

Out of Disinfection

36.41
126.92
37.29
98.91
16.40
34.53
241.82
53.24
74.81
48.99
24.27
59.36
78.10
84.87
10.25
28.67
29.17

Early Process Solids (ng/g)

In Disinfection

2.345
310.37
54.14
216.45
25.33
45.72
21.25
130.72
19.17
35.90
9.68
34.33
0.039
94.49
117.39
132.46
43.07

Out of Disinfection

26.03
110.76
200.75

53.73

12.08

66.12

27.83
138.05

75.27

71.49

9.40
150.74

79.15

65.76

33.78

38.81

75.48

Finished Solids (ng/g)

19.59
163.35
111.86
150.31

59.73

72.82

146.90*

71.16
971.07

61.57

5.43
412.17
9.68

9211

96.37
117.46

0.66
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PFAS in Wastewater

PFAS (ng/L)

Total PFAS in Water

100 A

80 A

PFAS Categories
@S PFCA
EER PFSA
=20 PFECAs and PFESAs
EEE PASF based substances
E=3 Fluorotelomer Based Substances

PFAS (ng/L)

100 -

80 -

60 -

20

Chain Length
8 Longchain
B8 Shortchain

UNIVERSITY of NEBRASKA-LINCOLN


Presenter Notes
Presentation Notes
Quantifiable PFAS were detected in every influent, effluent, early process solids, and biosolids samples. PFAS in the influent ranged from 3.46 to 391 ng/L with an average and standard deviation  of 56.4 ± 77.45 ng/L, in the effluent it ranged from 10.21 to 580 ng/L with an average of 79.97 ± 99.65 ng/L. 

The daily effluent emissions of these plants range from 2-419 ng of total PFAS 





PFAS in Biosolids

Total PFAS in Solid

PFAS Categories Chain Length
200 A == PrCA 200 - E=8 Longchain
EES PFSA EE Shortchain
175 =20 PFECAs and PFESAs 175 -
EEE PASF based substances
E=3 Fluorotelomer Based Substances
150 150 -
125 A o 125 -
o o
£ .
v 100 A ¥ 100 -
= =
a a
75 75
50 A 50 A
25 1 25
0- 0-
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Presenter Notes
Presentation Notes
The average total PFAS in early process solids ranged from 0.038 to 310 ng/g with an average of 74.3 ± 68.8 ng/g, in finished solids it ranged from 0.66 to 971 ng/g with an average of 143.3 ± 220.3 ng/g. 
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Field Data

Field Data Collected

o Chemical Oxygen Demand (COD)
o Temperature

o PH

o Conductivity

o Flow

No relationship detected between total PFAS and any of these
measures



Type of Treatment Plant

700 4

600 A

PFAS (ngyL)
F=Y
[=]
[=)

w
(=]
o

Three way ANOVA comparison between

100 A

total PFAS in trickling filter, sequencing .

500 4

Plant Type

@ SsER

batch reactor, and waste activated S8

sludge plants B —

No difference found in influent or n

effluent

May be some differences in solid ‘ ‘ I |

concentrations between SBR and WAS : iﬁ* :
& & & &



Industrial Input

0 MNPDES - Yes
300 - [ MPDES - Mo

e NPDES permit applications
reviewed, divided into

[
un
=)

fJ
2
o

1

Industrial input and no

PFAS (ng/L)

=
L
L]

Industrial input

100 ~

* No differences in total PFAS

e Some change in influent
composition, eg. more PFSAs
In nonindustrial plants




Q

PpES
TF No /A

Paper Envelope Manufacturing

e

was No i

SBR Yes Dry cleaners, animal byproduct
processing

WAS Yes Meat Processing

was No v

WAS Yes Parts Manufacturing

WAS Yes Metal Finishing*

“ WAS Yes Welding and Metal Finishing

T o v

SoR No v

WAS Yes Meat Processing, Plastic Molding, and

.



Comparison to Larger Treatment Plants
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Conclusion

 PFAS are present in all samples (influent, effluent, early process
solids, biosolids)

* No difference between types of inputs (industrial versus
nonindustrial) implying most PFAS originating in municipal
wastewater in these plants

e Variation in seasonality (disinfection, out of disinfection) seen in
small treatment plants

* Per capita addition of PFAS to mummpal wastewater is the same

~r~rr—~—~— —~T B~~~ b~~~ L~ b~~~ NP~~~ oA "Llla 2k ok s L | el



Current Work

 Evaluating Grab Versus Composite Sampling Approaches for

Quantifying PFAS
4 SBR plants
« 4 WAS plants

Sampling Site | Plant 15 Trip 2" Trip 3" Trip
Type

Cozad SBR 12/16/2025 05/04/2026

Central City SBR 2/11/2026 05/04/2026
Waverly/Wahoo | WAS 10/28/2025 3/19/2026 05/06/2026
York WAS 4/23/2026 05/06/2026

West Point SBR 4/9/2026 05/11/2026

Wayne WAS 4/30/2026 05/11/2026

Holdrege SBR 4/23/2026 05/14/2026
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Questions?
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