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PFAS: emerging contaminants
F
L]
Per- and polyfluoroalkyl substances (PFAS): CF3 [ ? Tn X
= Family of of synthetic chemicals F
= Persistent contaminants, also called «forever contaminants»
= Emerging contaminants dangerous to environment and human health
(suspected endocrine disruptors, carcinogens and affecting the immune
system)
Diet is considered the main source of exposure to PFASs
Ol NIUTELTS: Excellent surfactants
EFSA: Tolerable Weekly Intake (TWI) of 4.4 ng/kg body weight
per week for the sum of PFOS, PFOA, PFNA and PFHXS Strong C-F bound
Applied everywhere in society (household, industry,
automotive, medical etc)

® Mérieux

NutriSciences



Sources of contamination and concerned matrices
/o Domestic, civil and industrial \

contamination— strongly present in
water environment, also because of their

The several sources of PFAS CONTAMINATION © mobility
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PFAS In water
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The road to the new directive EU 2020/2184

In ancient times Nowadays

The requirements for describing water were sensory ones: The scientific approach has greatly developed:

= Waters had to be clear, odourless, colourless and of

pleasant taste "
" Malodorous or turbid water was considered

contaminated .
" Recognised as sources of contamination: droppings, "

metals, algae
" Few or no analytical methods

Quality requirements with parameters, frequencies
of analysis, analytical methods

Emerging contaminants monitoring

Regulation open to future scientific and
technical development

European
Regulations
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The importance of the new Directive

UE DIRECTIVE 2020/2184

on the quality of water Member States have to introduce it in national law
intended for human

consumption

' MAIN CHANGES

= new parameters

It substitues EU Directive = redefinition of scope
83/1998 = approach to safety based on risk analysis
= minimum hygiene requirements for materials in contact
In many States it will be the with water for human use
new National reference for = minimum requirements for chemical products and
water for human filtering materials used for water treatment
consumption = control parameters and frequencies depending on the

amount of water used
= search for the method of analysis for microplastics

® Mérieux

NutriSciences



EU DIRECTIVE 2020/2184 on PFAS

PFAS Total 0,50

pg/l

‘PFAS Total’ means the totality of per- and

_Hr:‘:lyﬂunmalkyl substances.

This parametric value shall only apply
once technical guidelines for monitoring
this parameter are developed in accor-
dance with Article 13(7). Member States
may then decide to use either one or both
of the parameters ‘PFAS Total' or ‘Sum of
PEAS.

Sum of PFAS 0,10

pg/l

‘Sum of PFAS’ means the sum of per- and
polyfluoroalkyl substances considered a
concern as regards water intended for
human consumption listed in point 3 of
Part B of Annex III. This is a subset of PFAS
Total' substances that contain a perfluor-
oalkyl moiety with three or mog
(iLe.—CnF2n—, n = 3) or a per,
lether moiety with two or
e. —nFInOCmF2m—, na

Perfluorobutanoic acid (PFBA)
Perfluoropentanoic acid (PFPA)
Perfluorohexanoic acid (PFHxA)
Perfluoroheptanoic acid (PFHpA)
Perfluorooctanoic acid (PFOA)
Perfluorononanoic acid (PFNA)
Perfluorodecanoic acid (PFDA)
Perfluoroundecanoic acid (PFUnDA)
Perfluorododecanoic acid (PFDoDA)
Perfluorotridecanoic acid (PFTrDA)
Perfluorobutane sulfonic acid (PFBS)
Perfluoropentane sulfonic acid (PFPS)
Perfluorohexane sulfonic acid (PFHxS)
Perfluoroheptane sulfonic acid (PFHpS)
Perfluorooctane sulfonic acid (PFOS)
Perfluorononane sulfonic acid (PFNS)
Perfluorodecane sulfonic acid (PFDS)
Perfluoroundecane sulfonic acid
Perfluorododecane sulfonic acid

Perfluorotridecane sulfonic acid
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Possible answers?
Reference methods for waters

METHOD Lab LOQ

EPA 537.1:2020 0,01 pgl/l
Drinking Water
Ground water
(clean waters)

ISO 25101:2009 0,001 pg/l for PFOA and PFOS
Drinking Water 0,005 ug/l for others
ASTM D7979-20 0,05-0,1 pg/l for all PFAS
Waste water Except PFOS 0,01 ug/I

ISO 21675:2019
drinking water, fresh water and sea water containing less than 2 g/l 2,5 ng/l for all PFAS
solid particulate material Except PFOA e PFOS 0,50 ng/l
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Which PFAS has to be monitored?

Molecules included in screening are more and more %

" Gen X was considered one of the "new generation" PFASs because
it was used as a replacement for some earlier PFASs

= ADONA was an alternative to PFOA used in the production of
fluoropolymers.

® Fuorotelomers have also been discussed with concern

They are definitely among the compounds under attention for
suspected hazardousness.
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GRAY ZONE: PFAS selectivity and inclusivity

PIGE: Total Fluorine (Inorganic + Organic) It is a large family of compounds; which should
9F NMR: Total Organic Fluorine be the right technique to investigate them?

* Non-specific total determination has limit
iIssues and might include also non-PFAS

~

Examples of substances that are NOT PFASs

TOP Assay: Precursors to Targeted PFASs

'
1
s |
I
: b not all the H
' . ' . ) ) H - Ct -
: ! organic F-C v *@ XX
' y ! are PFAS! _
. 1 ] / CASRMN &55-31-2 ::Tsl::‘;:it,:_a; B CASRMN 75-72-9
' L) ; .
| ) ! | i
] ! ' CASRN 771-56-2 ; F
[ ' ! /j\/@ \r//L
! : -~ :
\ CASRN 405-42-5 :;;:Lu:;::lz?m [TFE)
* A super specific target won’t include all
Selectivity and inclusivity associated with total organofluoride methods. Image possi ble dangerous PFAS.
source: Mcdonough, Carrie A., et al., 2019, Current Opinion in Environmental Science
& Health

Future harmonized legislative indications or
toxicological relevance will be the drivers to decide.
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Possible present and future answers?

PRESENT

Targeted analysis with

HIGH RESOLUTION LC/MS

ORBITRAP

* Screening of specific PFAS
molecules

FUTURE

Non-targeted PFAS discovery
EPA Experience:

They are working to develop and apply
high-resolution mass spectrometry
techniques to conduct Non-Targeted
Analysis of PFAS in the environment

Potential: HRMS permits to detect and proposed structures for ~980 new PFAS analytes (not branched isomers)
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Case study
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The context: reclamation plant

Tertiary treatment
plant and water
reservoir

Experimental
potable pilot
plant

Storage basin

Primary municipal
WWTP of Fasano

FASANO, ltaly
Project by
= AquaSoil S.r.l.

Environmental Protection Agency —
Arpa Puglia

University of Salento

Mérieux NutriSciences

University of Western Ontario
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Goals of the project

CIRCULAR ECONOMY ETHICS

ZERO LIQUID DISCHARGE
STRATEGY
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WATER REUSE FOR HUMAN
CONSUMPTION PURPOSES

FOCUS ON MICROPOLLUTANTS

OF EMERGING CONCERN

GOALS

Defining advanced treatment
technologies suitable for
potable purposes

Adopting a multilevel
monitoring approach to
guarantee safe water

Focus on organic
micropollutants of emerging
concern at ultra-low
concentrations




Targeted and non-targeted

QUALITATIVE (SUSPECT

QUANTITATIVE
TARGETED
ANALYSIS

AND NON TARGETED)
ANALYSIS

LC-HRMS, IC-HRMS, GC-HRMS

<

SUSPECT UNKNOWN 72 COMPOUNDS
SUBSTANCES COMPOUNDS Based on the current local legislation

- -

EU Norman Network NO INFORMATION AVAILABLE

CCL4 US EPA list NO STANDARD REFERENCE
LIST OF 219 COMPOUNDS AVAILABLE

N \

Accurate mass comparison Measurement of m/z ratios
IDENTIFICATION OF 13 not present in the reference

ORGANIC COMPOUNDS sample (milli-Q water)
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Result of targeted and «suspect analysis» —
PFOA presence

Thanks to the TARGETED / SUSPECT ANALYSIS it was possible to identify compounds in the inlet flow of
the pilot plant:

Butylated hydroxyanisole (BHA)
Bis(2-ethylhexyl)phthalate (DEHP)

Diuron

Isoproturon

Quinoline | MICROPOLLUTANTS OF EMERGING CONCERN
N-Methyl-2-pyrrolidone

N-Nitrosopyrrolidine

Norethindrone

Terbutrin

Estriol
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
Perfluorooctanoic Acid (PFOA)

Aniline
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PFOA analysis after each depuration treatment

Trend of the estimated concentrations* throughoutthe physical-chemical

Trend of the estimated concentrations* throughoutthe biological train
train

Ultrafiltration followed by reverse osmosis Carbon-based bicfiltration followed by UV/H,0,

150 - =
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200 Estriol Fstriol
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Ing/L] 100 - ‘. RDX [ng/1] RDX
0 — - mPFOA
Cerarytreat -— 0~ M PFOA
MITO3K - -
Sedim’ - &
X ‘ &°
Utrafilt ‘ 4@

It was observed that a pre-oxidative step before biofiltration increased biodegradability of organic compounds enhancing overall removal
efficiency.
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PFOA analysis after each depuration treatment

Averages and standard deviations of detected micropollutants (suspect screening) in each of the sampling events.

Tertiary 05-H.0- AOP contactor Line A Line B Line C
effluent (N —3) (E:{T]ue;;l: F: luzn}t BAC effluent UV/H,0- BAL effluent UV/[Hz0- UF effluent UV{H,0, RO effluent
(N=2) effluent (N=2) (N=2) effluent (N=2) (N=2) effluent (N=2) (N=2)

BHA 149 +13.0 1276 + 1.8 127+ 5.1 1.3+18 08+1.1 43 +6.1 48 +6.7 108 +153 59483 1.9+2.7
DEHP 1303 £225.7 12153 +171.9 103.09 + 145.8 nfa nja nja nja 41.74 + 59.0 45.99 + 65.0 n/d
Diuron 50.1 £33 19.7 + 24.6 15.8 + 304 n/d n/d 23+39 1.o+1.6 92+48 1.0+14 0.1 +0.21
Isoproturon  51.2+249 196 +22.0 133+ 18.0 n/d n/d 1.4+20 1.2+ 1.7 78+11.1 37+53 029+04
Quinoline 173 +95 n/d nfd n/d nfd n/d n/d n/d nfd n/d
NMP 79+138 n/a 21.3+30.1 74105 6.6+9.3 213+302 154+218 163 +23.0 7.7+109 n/d
NPYR 2747 nja 21.1 £ 29.8 1574223 1144161 199+ 281 1924271 2224313 183+253 n/d
MNorethindrone 40.3 + 58.7 62455 7.8+94 n/d n/d 0.2 +0.2 0.2 +0.3 09+13 22+31 n/d
Terbutryn 103.8+139.1 94483 6.8 +9.6 1.4+20 n/d 13.7+16.8 34+48 208+06 25+27 03+04
Estriol 2122+1406 1183+ 1064 925+117.2 1214121 1.4+1.4 295+75 21573 983+990 558+525 n/d
RDX 10123 + 448 nfd n/d n/d n/d n/d n/d 90.6+13.7 n/d n/d
PFOA 46+ 3.0 57+09 51+3.0 04+06 04+05 44 +3.6 36+32 21+03 24+0.7 n/d
Aniline 3394+ 588 51.5+729 n/d nfa nja nja nfa 135+190 n/d n/d

n/d = not detected.
n/a — not available.
M — number of determinations.

® Mérieux

NutriSciences



Discoveries thanks to comprehensive approach

Targeted and Suspect Screening allowed to detect 13 organic micropollutants
of emerging concern: it was observed that an ante and post oxidative step to
biofiltration enhanced overall removal efficiency.

Non targeted analysis also allowed to classify unknown compounds on the
basis of a distribution of m/z ratios associated to molecular weights: both
physical-chemical and biological solutions showed better removal performance for
compounds with high molecular weight.
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Final considerations

Contents lists available at ScienceDirect

—— Chemosphere
1:_[-_\-”_1,“4 journal homepage: www.elsevier.com/locate/chemosphere
Publication : o o g
- Controlling micropollutants in tertiary municipal wastewater by )
WWWGISEV|e|’CO mllocate/ 03/H20;, granular biofiltration and UV;54/H,0; for potable reuse s

applications

Ch e m OS p h e re F. Piras °, 0. Santoro ”, T. Pastore <, 1. Pio %, E. De Dominicis 4 E. Gritti ¢, R. Caricato ©,

M.G. Lionetto ¢, G. Mele *, D. Santoro *"

# Department of Engineering for Innovation, University of Salento, Via per Amesano 73100, Lecce, ltaly

b AquaSoil S.r.L, via del Calvario 35, 72015 Fasano, Brindisi, ltaly

© Regional Environmental Protection Agency — Arpa Puglia, Cso Trieste 27, 70126, Bari, ltaly

4 Mérieux NutriSciences Research, via Fratta 25, 31023, Resana, Treviso, Italy

 Department of Biological and Environmental Sciences and Technologies (DiSTeBA), University of Salento, Via Prov.le Lecce-Monteroni, 73100, Lecce, Italy
! Department of Chemical and Biochemical Engineering, University of Western Ontario, London, Ontario, N6A 589, Canada

Exploitation des derniers résultats d’'une liste de plus de
500 composeés dont environ 200 composeés per-fluorés
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http://www.elsevier.com/locate/chemosphere

Conference PFAS the 13-14th of june in Paris

PER- AND POLY-FLUOROALKYL SUBSTANCES
” ff £

2° Congreés International

Gestion des Risques Environnementaux & Sanitaires

13 & 14 juin 2023 - Paris
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