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Introduction

= Man-made chemicals which have fully fluorinated
alkyl chain

= C(Classified as two large groups
— Perfluorocarboxylic acids (PFCA)
— Perfluorosulfonic acids (PFSA)

= Strong carbon-fluorine bond

— hepatotoxicity
— developmental toxicity
— hormonal effects

<Legacy PFAS>
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What are perfluoroalkyl substances (PFAS)? Shorter-chain PFAS

<Ultra-short chain (C1-C3) PFAS> = There is one study reporting concentrations of
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<Short-chain (C4-C6) PFAS> — However, they investigated only 2 ultra-short chain

ﬁ_gLOH %O >§j§—< AS:§< Hoﬁ):ji " Ingestion of dust has been reported as an
O: " ’ o important exposure pathway for PFAS (Harrad et al,, 2010;

= Due to concerns about the adverse effects of PFAS exposure on human and wildlife health, various international

( L e . . . . house dust
Harmful effects on environment and humans organizations, individual countries, and local areas have implemented measures to restrict PFAS manufacturing
= Persistent —> manufacturers have turned to short-chain and ultra-short chain PFAS and other fluorinated alternatives for
= Global environmental distribution commercial production (chowetal, 2021) Research objectives
= Bioaccumulation and biomagnification = Short and ultra-short chain PFAS are equally as persistent as legacy PFAS, highly mobile, and have poor adsorption to
= Toxicity organic matter, making them difficult to remove from the environment by natural barriers and treatment plants = To investigate the occurrence of C1-C4 PFAS

- environmental accumulation can occur over time, leading to increased external exposure to humans and
potential adverse effects (srendel et al, 2019)

—> carcinogenic potency = Most previous studies have primarily focused on long-chain PFAS, resulting in limited available data regarding the = To compare of dust concentrations among
— Immunotoxicity occurrence of short and ultra-short chain PFAS in the environment and their exposure to the human body three countries

Occurrence of shorter-chain PFAS in

house dust

PFAS including ultra-short chain PFAS in indoor

dust from China (wangetal, 2021)
\~© — Their results provide evidence of the presence of
shorter chain PFAS in indoors
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PFAS in indoor dust

Shoeib et al., 2011; Egeghy and Lorber, 2010)

— This highlights the need for research on PFAS in

in house dust collected from Belgium,
Colombia, and Japan

Materials and method

Sample collection

Sample preparation

Belgium Belgium

Instrumental Analysis

- Instruments (UPLC-MS/MS)

Compounds
TFMS (C1), TFAA (C2), PFEtS (C2), PFPrA (C3), PFPrS (C3), PFBA (C4), PFBS (C4)

= 4 PFSA and 3 PFCA were investigated

(2022) (2019) Japan Colombia House dust (50 mg) Agilent 1290 Infinity ultra-performance liquid chromatography &
«— Add ISTD Agilent 6495 electrospray triple-quadrupole mass spectrometry
N 19 15 14 13 <— Add 5 mL of Methanol <« g ENVI-Carbclean up . Column
; <— Add 30 mg of ENVI-carb powder
C°'::‘:r'°" 2022 2019 2017 2016 Ultra-sonicate Extraction « Vortex and centrifuge Raptor Polar X (100 mm x 2.1 mm, 2.7 um)
<— Vortex 1 min Repeat <— Transfer supernatant . MObile phase
" House dust samples were collected using regular vacuum cleaners «— Extract for 30 min | A : 5 mM agueous ammonium acetate + 0.05% formic acid
equipped with nylon socks , 1 Centrifuge at 4000 rpm for 10'min Dryness under N2 B : Mixture of acetonitrile and methanol (60:40, v/v) + 0.05%
Transfer supernatant <— Reconstitute with MeOH:MQ (9:1) formic acid
<— Add RSTD
Target compounds
Evaporate to 2 mL under N2 LC-MS/MS

Target C1-C4 PFAS in house dust samples were extracted by ultrasonic extraction and
ENVI-Carb clean-up method

ISTD: 133C-TFAA, 13C,-PFBA, and 3C;-PFBS
RSTD: 13C,-PFPeA and 180,-PFHxS

Quality Assurance/Quality Control

= Method detection limits (EPA method): 0.276 — 0.639 ng/g
= Accuracy: 69 —-139 %
= Precision: 3.39-6.18 %

Results and discussion

C1-C4 PFAS concentrations in house dust

<Concentrations and distribution pattern>

Belgium (2019) Belgium (2022) Colombia Japan

Range . Range . Range . Range .
(DF) Median Mean (DF) Median Mean (DF) Median Mean (DF) Median Mean
20.9-100 ND-317 13.1-366 85.0-371

TFAA (100) 36.8 477 (95) 78.7 109 (100) 38.8 74.8 (100) 151 175
0.851-

PEPrA | 12.9 316 435 |ND883 - p peg  NWPHERZaen gy NREEZ o0 22.0
(100) (1) (77) (86)
ND-4.14 ND-13.6 ND-871 ND-6.06

PFBA (40) ND 1.05 47 ND 2.95 (46) ND 67.7 (57) 1.25 1.50
ND-71.1 ND-21.2 ND-109 Darire=

TFMS ' 0.852 5.99 ' 1.46 452 2.83 22.2 277 2.62 241
(80) (53) (85) (100)

PFEtS ND ND ND ND

PFPrS ND ND ND ND
ND-5.90 ND-5.17 ND-602 ND-33.3

PFBS (33) ND 1.07 (16) ND 0.874 (38) ND 47.3 29) ND 2.86

dust collected from three countries

= PFEtS and PFPrS were not detected

* |n general, TFAA showed the highest concentration (median: 36.8—151 ng/g) and high detection frequencies (DF; 95—-100%) in house

= TFAA, PFPrA, and TFMS were frequently detected in house dust from the three different countries

- TFMS is likely to be released into the environment through indoor use such as machine wash liquids/detergents, automotive care
products, paints, and coating. This could explain the frequent detection of TFMS in house dust

— TFAA and PFPrA can be present in outdoor air due to their formation through the atmospheric transformation of HFCs and HCFCs.
This might contribute to their presence in house dust because outdoor air/dust can be a source of house dust

Median concentrations of PFAS in house dust

Belgium Belgium Colombia Japan
(2019) (2022) [ ]
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Concentration in house dust
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When comparing the concentrations in dust collected between 2019 and 2022, significantly
higher concentration of TFAA (p < 0.05) and PFBA (p < 0.01) were observed in 2022

-> This suggested that production/emissions of shorter-chain PFAS increase due to regulations
of longer-chain PFAS production and usage

When comparing the concentrations of C1-C4 PFAS in house dust among the three countries,
TFAA and PFPrA showed statistically high concentrations in house dust from Japan compared to
Belgium and Colombia (p < 0.01)

Concentrations of TFMS in Belgian dust were statistically lower than those from Colombia and
Japan (p < 0.05)

Conclusion

= This study is the first to investigate C1-C4 PFAS occurrence in house dust from Japan, Colombia, and Belgium.

= Among target C1-C4 PFAS, TFAA was the dominant compound in house dust. TFAA is reported to form through the photodegradation or thermolysis of fluoropolymers, which are commonly employed in various consumer
products such as electronic, cookware, and textiles. This could explain the higher concentration of TFAA in house dust compared to other compounds.

" The increased TFAA and PFBA concentrations in Belgian dust from 2019 to 2022 suggest a shift in PFAS production towards shorter chain PFAS.

= Significant differences in TFAA, PFPrA, and TFMS concentrations among three countries were observed. To explain this, further investigation into PFAS production, emission volumes, and usage patterns between countries is

necessary.

= Our findings underscore the widespread presence of C1-C4 PFAS in indoor environments, highlighting potential exposure for the general population.

References

Brendel S, Fetter E, Staude C, Vierke L, Biegel-Engler A. Short-chain perfluoroalkyl acids: environmental concerns and a regulatory strategy under REACH. Environ Sci Eur 2018; 30: 9.
Chow SJ, Ojeda N, Jacangelo JG, Schwab KJ. Detection of ultrashort-chain and other per- and polyfluoroalkyl substances (PFAS) in U.S. bottled water. Water Res 2021; 201: 117292.
Egeghy PP, Lorber M. An assessment of the exposure of Americans to perfluorooctane sulfonate: a comparison of estimated intake with values inferred from NHANES data. J Expo Sci Environ Epidemiol 2011; 21: 150-68.

Harrad S, de Wit CA, Abdallah MA, Bergh C, Bjorklund JA, Covaci A, et al. Indoor contamination with hexabromocyclododecanes, polybrominated diphenyl ethers, and perfluoroalkyl compounds: an important exposure pathway for people? Environ Sci Technol 2010; 44: 3221-31.
Shoeib M, Harner T, G MW, Lee SC. Indoor sources of poly- and perfluorinated compounds (PFCS) in Vancouver, Canada: implications for human exposure. Environ Sci Technol 2011; 45: 7999-8005.
Wang B, Yao Y, Wang Y, Chen H, Sun H. Per- and Polyfluoroalkyl Substances in Outdoor and Indoor Dust from Mainland China: Contributions of Unknown Precursors and Implications for Human Exposure. Environ Sci Technol 2022; 56: 6036-6045.

This work acknowledges funding through Research Foundation Flanders (FWO) fellowship (No. 1264022N)
Toxicological Centre, University of Antwerp (https://www.uantwerpen.be/en/research-groups/toxicological-centre/)



//upload.wikimedia.org/wikipedia/commons/1/11/Perfluorooctanoic_acid.png
//upload.wikimedia.org/wikipedia/commons/0/04/Perfluorooctanesulfonic_acid_structure.svg
//upload.wikimedia.org/wikipedia/commons/1/11/Perfluorooctanoic_acid.png
//upload.wikimedia.org/wikipedia/commons/0/04/Perfluorooctanesulfonic_acid_structure.svg
mailto:adrian.covaci@uantwerpen.be
mailto:adrian.covaci@uantwerpen.be

	Slide 1

