JSavsiedl Aoenzia Regionale per la Prevenzione IRSA
i . . .
e Protezione Ambientale del Veneto s AR

PFAS E CONTAMINANTI
EMERGENT]

ESPERIENZE E METODICHE

ANALITICHE A CONFRONTO

& OTTOBRE 2020

DETERMINAZIONE DI PFAAs IN
MATRICI AMBIENTALI: ESPERIENZE E
CRITICITA'.

Acque del Chiampo s.p.a.
Servizio Idrico Integrato




CRONISTORIA ACCREDITAMENTO PFAASs in AdC:
Metodiche e matrici

2015: EPA 537 «Acque destinate al consumo umanox»: 14 isomeri
lineari + 4 isomeri ramificati

2016: EPA 537 «Acque destinate al consumo umanox»: 5 isomeri
ramificati di PFOS e PFOA

2017: ASTM D 7979 «Acque di scarico trattate»: isomeri lineari
2018: ASTM D 7979 «Acque superficiali»: isomeri lineari

2019: EPA 537.1 «Acque destinate al consumo umano e di faldax:
Isomeri lineari + ramificati

2020: ASTM D 7979 «Acque destinate al consumo umanox»: isomeri

lineari
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ANALISI PFAAs EFFETTUATE IN AdC A PARTIRE DA AGOSTO
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METODI ADOTTATI DA AdC:

EPA 537-2009 «Determination of selected perfluorinated alkyl acids in drinking water
by solid phase extraction and liquid chromatography/tandem mass spectrometry
(LC/MS/MS)»

EPA 537.1-2018 «Determination of selected per and polyfluorinated alkyl acids in
drinking water by solid phase extraction and liquid chromatography/tandem mass
spectrometry (LC/MS/MS)»

EPA 8327-2019 «Per and polyfluoroalkyl substances (PFAS) using external standard
calibration and multiple reaction monitoring (MRM) liquid chromatography/tandem mass
spectrometry (LC/MS/MS)»

ASTM D 7968-17a «Determination of Polyfluorinated compounds in soil by liquid
chromatography tandem mass spectrometry (LC/MS/MS)»
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METODI ADOTTATI DA AdC.:

ASTM D 7979-19 «Determination of per and polyfluoroalkyl substances in water,
sludge, influent, effluent, and wastewater by liquid chromatography tandem mass
spectrometry (LC/MS/MS)»

|ISO 25101-2009 «Determination of perfluorooctanesulfonate (PFOS) and
perfluorooctanoate (PFOA) — Method for unfiltered samples using solid phase extraction
and liquid chromatography/mass spectrometry»

UNI CEN/TS 15968-2010 «Determinazione del perfluoro ottano sulfonato (PFOS)

estraibile in articoli solidi, rivestiti e impregnati, nei liquidi e nelle schiume antincendio-

Metodo per il campionamento, I'estrazione e I'analisi per mezzo di LC-QMS o LC-MS»

RAPPORTI ISTISAN 19/7 «Metodi analitici per il controllo delle acque da

destinare e destinate al consumo umano ai sensi del DL.vo 31/2001 e s.m.i. —
ISS.CBA.051/052.REV00»
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MATRICI ANALIZZATE E RISPETTIVI LoQ:

Acque destinate al consumo umano: < 5 ng/l

Acque di scarico trattate + acque superficiali: PFOS < 5ng/l, altri< 10ng/I
Acque di scarico non trattate: PFOS < 5ng/l, altri < 10ng/I
Acque sotterranee/falda: < 5 ng/l

Rifiuti liguidi/fanghi: PFOS < 20ng/I, altri < 50ng/I

Rifiuti solidi/fanghi: < 0,5 pg/Kg

Percolati discarica: PFOS < 5ng/l, altri < 10ng/I

Prodotti chimici: 50 ng/l + 0,5 pg/Kg

Suoli/terreni: < 0,5 pg/Kg

Eluato/test di cessione: PFOS < 5ng/l, altri < 10ng/I
Pelli/tessuti: < 0,1 pug/Kg
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2013:
2014
2015:
2016:
2017:
2018:
2019:
2020:

CIRCUITI INTERLABORATORIO:

n.d.

n.d.

4 (acque potabili) di cui 3 z-score ok, 1 warning + JRC
n.d.

2 (acque naturali), 1 z-score ok, 1 warning

2 (acque scarico/superficiali), z-score ok

11 (acque scarico/superficiali), z-score ok

6 (acque scarico/superficiali) + 8 (lisciviato), z-score tutti ok
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ALTRI PFAAs IMPLEMENTATI:

PFPA, PFHpPS, PENS, PFDS, PFDoS, PFTrA, PFTeA, PFPeS,
P35DMHxXS, PAMHpA, PSMHpA, P6MHpA, PS5DMHXA, P1MHpS,
P3MHpS, PAMHpS, P5SMHpS, P6MHpS

Gen x = HFPO-DA

C604

4:2 FTS, 6:2 FTS, 8:2 FTS (Fluorinated Telomer Sulfonic acid)
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INTERVENTI SOSTENUTI DA ADC:

Analisi acque potabili/pozzi per cittadini comuni soci

Interventi su reti e impianti

Predisposizione punti di distribuzione acqua non contaminata (fontanelle
pubbliche)

Interventi di interconnessione

Completamento sistemi idrici

Estensione rete idrica per utenti non serviti da acquedotto

Investimenti attuali e futuri

INSTALLAZIONE SISTEMI FILTRAZIONE A CARBONI ATTIVI «GAC»

2013 (Agosto): Centro Idrico Madonna dei Prati-Brendola

2014 (Marzo): Impianto filtrazione carboni attivi Lonigo

2019: Centro Idrico Canove (predisposto per futura filtrazione GAC)
2020: Centrale di filtrazione di Montorso
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ACIDI PERFLUOROALCHILICI (PFAAS):
RENDIMENTO FILTRI A CARBONE ATTIVO
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Identification and quantification of linear and branched isomers of
perfluorooctanoic and perfluorooctane sulfonic acids in contaminated .
groundwater in the veneto region
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1. Introduction Surveys conducted by competent authorities idenified one
of the sources of contamination in a fluorochemical procuction

In the past four years, high levels of PFAAS have been detected
in both surface and underground water sampled in an area cov-

plant that manufactured PFAAS since late sixties by electrochem-
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WAcque softerranee e superficiali

Sviluppo e messa a punto di una
metodica di determinazione
di sostanze perfiuoroalchiliche

Viene presentato lo sviluppo e la messa a punto di una mefodica

per la deferminazione di sostanze perfiuoroalchiliche (PFASs), composta
dalla fase di estrazione in fase solida (SPE extraction) e dalla fase di analisi
mediante cromatografia liquida ad alfe prestazioni con rivelatore friplo
quadrupolo (UHPLC-MS/MS). Olire agli isomeri lineari, & possibile anche
determinare gli isomeri ramificati mono e di-sostituiti del PFOS e del PFOA.
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1. Introduction ‘and present widespread use, PFAS are ubiquitous micra pollutants

The term “PerFluoradlkylted Substances™ or PFAS indicates a
road group of anthmpogenic compounds comprising 3 per-
flunmalkyl backbone and 3 terminal functional group.

In the last six decades these substances have been incorporated
into 3 wide range of industridl and commercial products used in
more than 200 applications: surfactants (Kissa, 2001). medical
applications (Krafft and Reiss, 2007). surface protecting azents
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PERFLUOROALKYL ACIDS

WHAT DID WE
LEARN?
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PFOA PFOS

PERFLUOROOCTANOIC ACID PERFLUOROOCTANSOLFONIC ACID
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...some chemical and physical data

Abbreviation log Kaw log Kow, ary log Sy (mol L_l}

Perfluorinated carboxylate acids (PFCAs)
PFBA —3.23 2.82 0.42
PFPcA —2.90 3.43 —0.37
PFHxA —2.58 4.06 -1.16
PFHpA —2.25 4.67 —1.94
PFOA —1.93 (-=3.0) 5.30 -2.73
PFNA —1.58 5.92 —3.55
PFDA -1.27 6.50 —4.31
PFUnDA —0.92 7.15 -5.13
PFDoDA .58 7.77 —5.94
PFTrDA —0.38 8.25 —6.59
PFTeDA 0.03 8.90 -7.42

Perfluorinated sulfonic acids (PFSAs)
PFBS —2.59 3.90 —1.00
PFH=xS —-2.38 5.17 -2.24
PFOS —1.65 6.43 -3.92
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...chromatographic retention time...

PFOS _
24.16

20151
2.02e2
905
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..chromatographic retention time...

PFOA _

21.68
903.22
9.03e2
3831
| | 23.95

PFHpS_
21.83

247.22

2.47e2
1057
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Solid Phase Extraction (SPE):

\97&"0
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Tr — RECOVERY - PRECISION

Analyte Retention time TeRTA
- N—a.7 CONCENTRATION
5,7 95 -101% 4 -10% 200 - 50000
11 85-122 % 3-7% 200 - 50000
10,2 97 — 115% 3-8% 200 - 50000
15 99 - 128 % 2-7T% 200 - 50000
18,8 97 -127 % 4 -14% 200 - 50000
19 92 -129 % 2-13% 200 - 50000
21,7 91 -102 % 2-14% 200 - 50000
24,1 84 - 106 % 7-19% 200 - 50000
24,2 75-123 % 6 - 20% 200 - 50000
26,1 76 -125% 10 - 20% 200 - 2000
27,8 76 —129 % 3-14% 200 - 2000
29,3 97 -121% 5-13% 200 - 2000
Acque del Chiampo s.p.a.
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SURROGATES MIX

13C,-PFBA
13C,-PFOA
13C,-PFOS
13C,-PFHXS
13C,-PFDA

INTERNAL STANDARD MIX

13C,-PFHXA
13C,-PFBA
13C,-PFOA
13C,-PFOS
13C,-PFBS
13C,-PFDOA
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L-PFOS: 499 > 80 (SO3)
Voltaggi: cono = 60V, cc = 39V
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L-PFOA: 413 > 369
Voltaggi: cono = 16V, cc = 10V
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PERFLUOROALKYL ACIDS

WHAT

CRITICAL ISSUES
?
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TRANSITIONS AND VOLTAGES

Collision cell
Transition Cone voltage (V)
voltage (V)

213> 169 18 10
263 > 219 15 9
499 > 80 60 39
499 > 99 60 39
299 >80 54 30
299 >99 54 28
513 > 219 20 16
513 > 269 20 16
163 > 219 20 18
163 > 169 20 16
363 >119 16 20
363 > 169 16 16
313> 119 16 17
313 > 269 16 10
563 > 219 20 20
563 > 269 20 18
413 > 369 16 16
413 > 169 16 10
399 > 80 40 40
399 > 99 40 40
613 > 169 25 15
613 > 319 25 15
613 > 569 25 15
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PFOS ISOMERS: CHROMATOGRAFIC PROFILE

L696-001 Smooth(Mn,3x3) F16:MRM of 2 channels ES-
4989 >799
PFOS _ 9.628e+005
100 19.71
68488.30
961485
FR FR FR F
F
%_
F FF FF FF F
18.80 19.03
G|....|....|....| T T T T T T e T T min
L696-001 Smooth(Mn,3x3) F16:MRM of 2 channels ES-
4989 >98.9
PFOS _ 5.094e+005
100 19.71
36236.27
508717
%_
18.89 19.03
> 19.27
L0 o e L B s s s s ey e e e e o B S B S S S S e ppp——————— i
17.00 17.25 17.50 17.75 18.00 18.25 18.50 18.75 19.00 19.25 19.50 19.75 20.00 20.25
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PFOA ISOMERS: CHROMATOGRAFIC PROFILE

1500859-005 Smooth(Mn,4x3) : F10:MRM of 4 channels ,ES-
412.8 > 369
100 18.32 E FE FE F O 2.375e+007
F
% 17.59 OH

TITAN FFF FF FF F

LELEL I LI L L L L L L L L L L L L L L L L L L LI BN LR L mln

0

1500859-005 Smooth(Mn,4x3) F10:MRM of 4 channels ,ES-
412.8 >169.0
3.110e+006
100 17.59
% 17.44 18.32
AN

0

L B 00
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MRM TRANSITIONS:
QUALIFICATION AND QUANTIFICATION

PFOA ISOMERS PFOS ISOMERS

413 > 369 499 > 80
413 > 169 499 > 99
+ +
413 > 119 499 > 169
413 > 219 499 > 330

499 > 280
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PFOS TRANSITIONS

ooth(Mn,4x3) F15:MRM of 5 channels ,ES-
POV P 5— M H p S 498.97 > 280
2.089e+004

10

19.66

1P3EMHXS N/ 18_84;3'MH

O e e e

%
17.93 18.15

min
ooth(Mn,4x3)

- p2-MHps _ P 1M

F15:MRM of 5 channels ,ES-

498.97 >98.91
pS 19.66. 4.089e+005

\

%
18.60 18.98
O o o o o e e R S S SRR S e AR RE R R e min
ooth(Mn,4x3) F15:MRM of 5 channels ,ES-
498.97 > 169
P6-M -lpS 1966 7.139e+004
100 18.98
%
18.82 19.52
(i o o e e o e e e e R R R RRRRR R min
ooth(Mn,4x3) F15:MRM of 5 channels ES-
e e e oo 498.97 > 330
1.253e+004
w P4-MHpS
18.76

19.66

ooth(Mn,4x3) F15:MRM of 5 channels ES-
JE 498.97 >79.94

100 L_ P F O S J 19,66 4.202+005

K \

18.75 18.98

(O o e o e e e e e o L SR SRR AR R min

17.80 18.00 18.20 18.40 18.60 18.80 19.00 19.20 19.40 19.60
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PFOA TRANSITIONS

1503542-005 Smooth(Mn,4x3)

P5-MHpA

15-001504/05 89
15.95

F10:MRM of 4 channels ES-
412.80 >219.02
6.523e+005

1503542-005 Smooth(Mn,4x3)
15-001504/05 89

L-PFOA <

16.10

0
1503542005 Smooth(Mn 4x3)
15-001504/05 89

16.10
%
15.95

R RARaa ez L s e i naana e A s a
1503542005 Smooth(Mn 4x3)
15-001504/05 89

16.20

P4-MHpA

F10:MRM of 4 channels ,ES-
412.80 > 369

16.87 5.909e+006

T~

min
F10:MRM of 4 channels ES-

412.80 > 169.04
4.082e+005

16.87

min

F10:MRM of 4 channels ES-
412.80 >119.00
8.493e+004

15.00 15.20

15.40 15.60

15.80 16.00

16.20 16.40
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PFAAS

!

AQUEOUS SAMPLE 100%

|

SOLUTION?
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AMPHIPHILIC MOLECULES

Hydrophobe

Hydrophile

Figure 1.1 Simplified surfactant structure.
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(c) Spherical

(b) Lamellar

a) Cylindrical

Figure 1.2 Typical micelle configurations.
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PFAAs B AMPHIPHILIC MOLECULES

[
AGGREGATES
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CONCENTRATION
PERFLUOROALKYL CHAIN LENGHT
TEMPERATURE
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SURFACE ACTIVE AGENTS

Figure 2.4

log ([') or log (N,)

log [C,]

Four region isotherms of surfactant adsorption.
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Surfactant Water-hydroephilic Water-hydrophobic
concentration surface surface

O Qs O Qe O O

Wsall below CMC

e e AQQA
o AN

Hemimicelle Mcnclayer

Y

Bilayer or admicelle

w® W

Below CMC
{regions 2 and 3)

Above CMC Micelle Micelle
T
Admicells Monolayer

Figure 2.5 Surfactant adsorption on solid surfaces.
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Water Research 91 (2016) 137-6

Contents lists available at ScienceDirect
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Water Research —__A

journal homepage: www.elsevier.com/locate/watres

Use of strong anion exchange resins for the removal of @mssm
perfluoroalkylated substances from contaminated drinking water in
batch and continuous pilot plants

142 A. Zaggia et al. /| Water Research 91 (2016) 137146

Fig. 2. Different TEM images on microtomized sections of Purolite® AS20E saturated with PFOA. a), b) and c) show three different aggregates at the same magnification (the bar
corresponds to 500 nm); d) shows aggregate ¢) at an additional magnification of 10x (bar corresponds to 50 nm),
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PFAAS

4
AMPHIPHILIC MOLECULES

4
AGGREGATES - ADSORPTION

s

TURBIDITY = SOLIDS IN SUSPENSION
ADHESION

REPRESENTATIVE SAMPLE VOLUME
(ng/L!")
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PFAAS
4

SAMPLING?
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CONSERVATION - PFAAs SOLUTION STABILITY
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A Never-Ending Story of Per- and Polyfluoroalkyl Substances
(PFASs)?
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United States

”Depa.rlment of Environmental Science and Analytical Chemistry (ACES), Stockholm University, SE-10691 Stockholm, Sweden

ABSTRACT: More than 3000 per- and polyfluorcalkyl substances
(PFASs) are, or have been, on the global market, yet most research and
regulation continues to focus on a limited selection of rather well-known
long-chain PFASs, particularly perfluorooctanesulfonate (PFOS), per-
fluorooctanoic acid (PFOA) and their precursors. Continuing to overlook
the vast majority of other PFASs is a major concern for socety. We
provide recommendations for how to proceed with research and
cooperation to tackle the vast number of PFASs on the market and in
the environment.
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