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Perfluoroalkyl substances (PFAS), as emerging synthetic pollutants with high persistence and
potential health risks, have increasingly gained attention. Due to their specific physicochemical
properties, these substances are resistant to degradation in the environment and can remain for
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EXTENDED ABSTRACT
Aim
Perfluoroalkyl and polyfluoroalkyl substances (PFAS) constitute a class of synthetic chemicals
distinguished by strong carbon—fluorine bonds and remarkable persistence in the environment. Due
to their resistance to physical, chemical, and biological degradation, PFAS pose significant risks
to human health and ecosystems. These chemicals predominantly find their way into soil, water
bodies, and landfills via industrial effluents, fire-fighting foams, and consumer products such as
non-stick cookware and waterproof textiles. Growing evidence of their association
health effects (e.g., endocrine disruption, compromised immune system, and increase
has heightened research and regulatory interest in PFAS. Hence, the purpogg of thi
abstract is to comprehensively explore the routes of PFAS contamination in S8{s, surfa:
groundwater, landfills, and food chains, and to underscore effective strategi r

and remediation. .
)
Method
In this study, a detailed literature review was condugied on suen apers and technical reports
focusing on the years 2023 and 2024, as well as seWral al sources from 2022. A multi-

pronged approach guided the investigation:
Data Collection:

Relevant publications on PFAS contaminatio
measures were identified through databases such as
Review of Regulatory Frameworks:
Existing regulations and advisories wor, rly those from the United States, European
Union, Australia, and select Asian coufri mined to provide insights into permissible
concentration limits of PFAS in 50|I wa dge, and biosolids.

Focus on Contaminaty :
Studies detailing PFA i d¥(including municipal solid waste, sewage sludge, and
industrial efflueWis their ac ion"in biota, and subsequent implications for human health
were systematical

opus, Web of Science, and PubMed.

al treatment practices—including adsorption (e.g., granular activated
resins, thermal methods, electrochemical oxidation, and bioremediation—
ss effectiveness, limitations, and feasibility.

Emerging
carbon), ion exc
were reviewed t

Findin
The re\@veals that PFAS contamination arises through both primary sources (e.g., direct
industrial diScharge, usage of aqueous film-forming foams in military bases and airports) and
secondary sources (e.g., use of biosolids as fertilizers, groundwater irrigation with contaminated
water, and long-range atmospheric transport). Key findings include:

1. Environmental Distribution:

o Contamination Pathways: Focus on industrial discharge, landfill leachate (300-125,000
ng/L), and agricultural biosolid application.
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oRegulatory Review: Evaluation of global PFAS limits in soil (0.01-460,000 pg/kg), water
(70 ng/L U.S. EPA drinking water limit), and biosolids (0.2-500,000 pg/kg).

oWater: PFAS concentrations in U.S. drinking water often exceed the EPA advisory limit
(70 ng/L), with studies indicating potential links to hormonal disruptions (e.g., thyroid
dysfunction).

oSoil: Agricultural soils near industrial sites show PFAS levels up to 460,000 pg/kg, with
short-chain PFAS (e.g., PFBA) exhibiting higher mobility.

oLandfills: Leachate concentrations reach 125,000 ng/L, influenced by landfill age and
design.

2. Health Risks:

Elevated levels of PFAS in drinking water (often above the U.S. Envir

Agency limit of 70 ng/L) increase the likelihood of endocrine distur
impairment, reduced vaccine response, hepatic toxicitygand heightene

rmone levels.
ow 40% lower

o Endocrine Disruption: PFOS exposure correlates with re

o Immune Suppression: Children with PFAS serum leve
vaccine antibody titers. 9
oCancer: PFOA exposure increases kidney ganc
3. Remediation Efficacy:

d thyroid
ng/

o Treatment Technologies: Assessmen
adsorption (>90% removal via activated car
efficient).

o Water: Reverse osmosis and a hieve >90% PFAS removal.

o Soil: Thermal desorption reduceg PIRS by 8399%, but it is very expensive.

o Emerging Methods: Phytoreme shows 30-60% efficiency for short-chain PFAS.

)

al methods (effective but costly),
, and bioremediation (eco-friendly but less

Conclusion

.e

PFAS pose irrevef@ble ecosystems and human health. Immediate actions include:

 Red duction by 30-40% by 2035.

 Enforcin @ycr regulations (e.g., EU’s REACH).

e Investing cost-effective remediation (e.g., hybrid adsorption-biological systems).
aboration is critical to address contamination hotspots and safeguard food
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Perfluoroctanemido betaine PFOAB Chlorinated polyfluoroalkyl ether sulfonic acid F-53B
Perfluoro-3-methoxypropaggic PFMOPrA Perfluoroalkyl acid PFAA
Perfluoro-4-methoxybutanoic acid PFMOBA Perfluorocarboxylic acid PFCA
Pe eI acid PFHpA Perfluorooctane sulfonic acid PFOS
Perfluoro-n-undecanoic acid PFUdA Perfluorooctanoic acid PFOA
Perfluorododecanoic acid PFDoA Neutral - Per and poly fluoroalkyl substances n-PFAS
Perfluoroalkyl acid PFRA lonic - Per and poly fluoroalkyl substances i-PFAS
Hexafluoropropylene Oxide (HFPO) Dimer Acid Gen-X Perfluorobutanoic acid PFBA
4,8-dioxa-3H-perfluorononanoic acid ADONA Perfluoro-n-pentanoic acid PFPeA
Fluorotelomer phosphate monoester MonoPAP Perfluoropentanesulfonic acid PFPeS

1 Perfluoroalkyl Acids
2Polyfluoroalkyl Acids

3- PFAA Precursors

4Perfluoro sulfonic acids
5Perfluoro carboxylic acids

6 Perfluoro octanoic acid

7- Perfluoro octane sulfonic acid
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Fluorotelomer phosphate diester DiPAP Perfluoroalkane sulfonic acid PFSA
2-(N-Methyl-perfluoroctane sulfonamido) acetic N-MeFOSAA Perfluoroalkyl carboxylic acid PFCA
acid
2-(N-ethyl-perfluoroctane sulfonamido) acetic N-EtFOSAA Perfluorononanoic acid PFNA
acid
Fluorotelomer alcohol FTOH Perfluorodecanoic acid PFDA
Perfluoroctane sulfonamidoethanol FOSE Perfluoroundecanoic acid PFUnDA
Perfluoroctane sulfonamide FOSA Perfluorohexane sulfonate PFHxS
Fluorotelomer sulfonamide betaine FtSAB Perfluorosulfonamidoalky! betaine PFOSB
Fluorotelomer sulfonamide betaine FtSAC Perfluorooctanemidammonium salt PFOAAMS
Fluorotelomer acrylate FTAC N-trimethyl ammonio propyl perfluorohexane TAmPr-FHxSA
sulfonamide
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$yene PFBA

PFOS

PFOA

PFOS

PFPS

PFOA lad ldg)ls
GenX
PFOA, PFOS Lolghouns
PFOA u"' K
PFOS, PFOA, PFHpA, PFHXS, PFNA ciloys

PFOA

GenX

PFBS
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.(Barali¢, et al., 2022

0 RLEYY)

lis sladegp g9y p oiingh 29 igldasr ) Cudbse LinlS el 5 4Bl zeos BNy slapss ;0 PFAS
Sl sl drwgi 5 by (gl &S WS dbu] IMBT Mg 05 909 sLiwgen 1D Wle o PFAS aS" cuwl 0dld Lis dutuwpd
OB Ny Cumon ) gy Mo g (o A)gi Cuddgn yidlS & e Slg o JMST o) (Jouanneau et al., 2020) cul
Km0 (i 0p205 sk ) dge cnl 3 6 pVL slackale & LIIE 0pou) Ty (eSS )3 shigar g
o sl ll & e Wlgh o PFAS L agalse oS wilooly lis @llllas ¢yl 0 09Me  (Jouanneau et al., 2020)
Costantini et al., ) &S camai |y csgre 5 bgylon b ablio 3 B8, obly cul (Sos oS g (IMmunotoxic)
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(Jouanneau et al., 2020) 1L o ialS mlio ylgia:
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1. Mineralization
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