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PFAS in sludges in Czech Republic

Semerád, Jaroslav, et al. "Screening for 32 per-and polyfluoroalkyl substances (PFAS) including GenX in sludges
from 43 WWTPs located in the Czech Republic-Evaluation of potential accumulation in vegetables after application 
of biosolids." Chemosphere 261 (2020): 128018.



PFAS in sludge vs. biosolids

pelletization (P), alkaline stabilization (AS), aerobic (AE1, AE2) 
or anaerobic (AN1 to AN5)

Lakshminarasimman, Narasimman, et al. "Removal and formation of perfluoroalkyl substances in Canadian sludge 
treatment systems–A mass balance approach." Science of The Total Environment 754 (2021): 142431.



PFAAs in NY biosolids and compost

PFAS

Conc. before 

composting 

Conc. after 

composting

Conc. in 

biosolids 

leachate

Conc. in 

compost 

leachate

(µg/Kg) (µg/Kg) (ng/L) (ng/L)

Perfluorobutanoic acid (PFBA) ND-84.0 ND-83 ND-56.6 31.0-1240

Perfluoropentanoic acid (PFPeA) ND-36.8 1.82-31.8 1.8-22.7 68.1-527

Perfluorohexanoic acid (PFHxA) 2.08-121 0.25-11.1 4.51-34.3 280-2500

Perfluoroheptanoic acid (PFHpA) ND-13.7 0.25-11.1 1.16-3.69 27.4-137

Perfluorooctanoic acid (PFOA) 1.28-116 3.04-53.3 6.12-34.0 104-376

Perfluorononanoic acid (PFNA) 1.29-26.6 1.42-18.5 0.97-62.2 ND-77.9

Perfluorodecanoic acid (PFDA) 2.84-71.8 4.81-47.5 0.45-9.13 ND-21.1

Perfluoroundecanoic acid (PFUnA) ND-16.2 0.96-9.38 ND-1.85 ND-0.88

Perfluorododecanoic acid (PFDoA) 2.36-26.2 1.27-10.2 ND-1.71 ND-0.58

Perfluorotridecanoic Acid (PFTriA) ND-6.15 ND-3.96 ND-16.8 ND-0.67

Perfluorotetradecanoic acid (PFTeA) 1.19-9.22 0.36-3.73 ND-1.08 ND-0.9

Perfluorobutanesulfonic acid (PFBS) ND-239 1.19-48.9 ND-16.3 40.6-1100

Perfluorohexanesulfonic acid (PFHxS) ND-6.02 0.76-6.86 ND-3.79 ND-74.0

Perfluoroheptanesulfonic Acid (PFHpS) ND-3.83 ND-9.08 ND-0.87 ND-2.14

Perfluorooctanesulfonic acid (PFOS) 9.64-94.7 13.9-42.7 2.25-19.8 ND-105

Perfluorodecanesulfonic acid (PFDS) ND-6.7 0.3-4.78 ND-4.35 ND



PFAAs in biosolids based fertilizers

Bolan, Nanthi, et al. "Distribution, behaviour, bioavailability and remediation of poly-and per-fluoroalkyl
substances (PFAS) in solid biowastes and biowaste-treated soil." Environment International 155 (2021): 106600.



Nine fertilizers from eight states and DC

https://www.sierraclub.org/sludge-garden-toxic-pfas-home-fertilizers-made-sewage-
sludge#:~:text=Persistent%20chemicals%20like%20PFAS%20are,chemicals%20back%20into%20the%20environment.



PFAS in fertilizers derived from sludge (ppb)



TOP and TOF assays
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Can thermal hydrolysis destruct PFAS in sludge?

Zhang, W.L., Liang. Y-N. 2021. Effects of Hydrothermal Treatments on PFAS in sewage sludge. Environmental 

Pollution. 285, 117276.

Surrogate recoveries PFAS extraction comparison



Batch effect



PFAS change due to treatment



Hydrothermal liquefaction of PFAS in sludge
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Zhang, W.L., Liang. Y-N. 2021. Hydrothermal liquefaction of sewage sludge – effect of four reagents on relevant parameters related to biocrude

and PFAS. Journal of Environmental Chemical Engineering. 10 (1), 107092.



PFAS distribution after HTL



Other non-spiked PFAS



Sonication for enhancing sludge digestibility



Ultrasonication for PFAS destruction

Conceptual model of reactions in three zones of ultrasonic cavitation bubble 1

1. Wanninayake, D. M., Comparison of currently available PFAS remediation technologies in water: A review. Journal of Environmental Management 2021, 283, 111977.



Sonication: time effect on PFAAs and precursors

❖ Increasing time increased conc. of 

PFOA, PFHpA and PFHxA in the liquid phase.

❖ Overall, ultrasound at low frequency (20 kHz) 

is ineffective for PFAS degradation.

Zhang, W.; Zhang, Q.; Liang, Y., Ineffectiveness of ultrasound at low frequency for treating per-and polyfluoroalkyl substances in sewage sludge. Chemosphere 2022, 286, 131748.



Effect of permanganate

The presence of KMnO4 increased 
the concentration of 
PFOA, PFHpA, PFHxA and PFBS 
in the liquid phase and 
PFOA and PFHxA in the solid phase.



Take home message

• More unknowns than what are known.

• Characterization of PFAS precursors.

• Change, transformation of precursors during treatment.

• Innovative sludge treatment/handling needed.



Acknowledgement

• Lab 
personnel:

• Dr. Weilan Zhang

• Dr. Quan Zhang

• Dr. Tao Jiang

• Dr. Yukesh Ravi 

• Nina T. Tran

• Tamia Wellington

• Monica Quianes

• Jordan Teo

• Sources of 
Funding


