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Today, | will discuss....

* Approaches to measuring non-targeted PFAS in
Air

e ASTM Method -

- D8591-TD/GCMSMS
 D8560 — Guide for PFAS in indoor air
* Instrumentation
* Markes International (Sample prep Unit)
* Metrohm Combustion IC
* Instrument Integration and Data

* Q&A




MARKES ) Metrohm
Monitor/measure Volatile PFAS?

v In recent years, there is major PUSH towards reduction of PFAS use

v At the same time, assessment of PFAS and destruction of PFAS compounds in environment
v Global movement to BAN and REPLACE AFFF types of PFAS - Fire fighting foams

v" There are several innovative PFAS remediation technologies developed

v' Multiple effective technologies involve some kind of high temperature degradation to completely
“mineralized” PFAS into inorganic salts of Fluoride

v’ What are the products of incomplete degradation? VOLATILE PFAS compounds
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The analytical thermal desorption process uasses L2 Metroh

Stage 2: Trap desorption

. Focused sample is rapidly heated, at
rates up to 100 2C s'1 in a reverse
flow of carrier gas to release retained

compounds

To detector

Stage 1: On-line/canister/bag sampling

Whole air/gas samples, from canisters, bags or manifolds, are
introduced directly to the focusing trap at controlled flows
and/or for precise time intervals -

Trap desorbed in reverse flow
/ of carrier gas — Backflush

MARKES
international



...but how do you get your sample onto the trap? £ Metroh

Volatile organics: Accessories & consumables for sample collection & introduction

Canister / sampling Headspace (HS) &
bag HS—trap
SPME (fiber & Arrow) &
SPME—trap
‘

Thermal desorption @
(TD) tubes

HiSorb high-
capacity sorptive

extraction

MARKES
international




Innovation at the heart of every instrument...

MARKES
[nternationall

Cryogen-free, backflush focusing trap and inert, low-volume valve

This powerful combination allows:

Analyte preconcentration and enrichment to increase
analytical sensitivity for Total Fluorine analysis.

Backflush operation, for compatibility with multi-bed
sorbents, thus analysis of a wide compound range in a single
run.

Analysis of challenging VVOCs, by combining multi-sorbents
with electrical cooling down to -30°C.

Stronger sorbents are always at
the non-sampling end

Patented TD valve

Low volume, inert, uniformly-heated.
Enables split re-collection, backflush &
unique application range.

Weaker sorbents are always
at the sampling end

Sorbent strength /
Strong Medium Weak Sampling
T " " 1 flow
€ T SO S R VTR @ o .. e C—
— . ' - - —-
L IL IL ]
Desorption

flow VOCs

Analytes trapped
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Basic Principle of C-IC instrument

® A sample undergoes Heat + Oxygen - Breaks covalent bonds to remove
halogens from organic molecules

® SOx, Hx, X2 are absorbed (H202) and injected into IC (16 min run)

Sample Combustion Absorbent Analysis
2...
SUlfo Compounds I SOX W Sc?ll > ion chromatography 1 2 13 14 15 16 | 17 18
halogen compounds —— HX, X, ——» X s ; ; Vilks
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sample introduction combustion absorption analysis by 1C
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Metrohm CIC

lon Chromatography Liquid Handling Combustion Oven and ABD
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Sample Preparation Device from
Markes International

Unity xr — Heated X-fer Line - ' g }i ) CIA Advantage — Canister
to CIC ; 7 Autosampler (14 Canisters)

.'ﬁ'\‘\‘\\’ :

Cantata avtonamstes

CcarER

et dasastns

Canisters for Air Sampling (pressurized

. . with N, gas for CIC)
Unity xr — Focusing trap for

VOA compounds

EaEe . el Metrohm i : 2025 NEMC - St.Louis MO 9
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Sample Preparation Device from

Markes International interfaced with Metrohm C-IC

0.25mm ID Fused silica x-fer line

inserted into sample port of CIC

2025 NEMC - St.Louis MO 10



Sample — MaglC Net

sample dose absorber solution prepare absorber solution rinsing water inlet prepare water inlet sample

Device Module Command Parameter

Sequence Prep
Wait Conbirwe after S s.
Wait Contirwe &fter S5,
0.0 Remote Box Set lines i nh i |
Remote Box Scan ines xHk £ Timeout 10 min Time program O ———
Walt cOn Jter S s Main program sample dose absorber sclution prepare absorber solution rinsing
water it prepare wiker Inlet sample nested fil loop sample postrinse. Prep Combustion atus e __ ciAAdvanta
pl Combustion Device Modude Command Parameter Comment no. | |Sequence Repetition: 1 of 13 Continuous [ 3
0.0 Remote Box Setlines pasmas Ll o Prep 4 |14 complete]  Sample Trap Blank Metrohm (1) 2025/06/24 osmms‘
2: Conkinue after Ss. 107
Wait Contirwe after S5, 00 Romots Box TR us | |2 Complete Sample Trap Blank Metrohm (1) 2025/06/24 10.1)0:49\
0.0 920 Abscrber Module 1 10-port valve  Change port  Port 8, automatic Remote Bex “”““‘;"W 1omn 14113 cComplete|  Sample Trap Blank Metrohm (1) 2025/06/24 10:22:24 \
Wait Continue after 5 s, 115 T 1
UPW (5 ml) Aspirate Port 3, Yolume 0.5 mL, Rate 2 mlLmin Sequence  Combustion ue | |* Activell|IER sample JrapBlankMetrohmi(i1)
00 Remote Bax Set Ines wsaedennaad. o 17 5 Sample Trap Blank Metrohm (1
0.0 920 Absorber Module 1 10-port valve  Change port  Port 10, automatic s D = .4 P L)
g 8 ] Sample Trap Blank Metrohm (1)
UPW (S m‘.) msng Poft 3' VOlume 0‘5 ml, Dm I’dle 5 mL.fl'Tl'n, Film 'ale l .0 fNJmIn 0.0 920 Absorber Module 1 10-port valve  Change port Port 8, automatic port 8: absorber vessel 4
UPW (S mL) Aspirate Port 3, Yolume 0.5 mL, Rate 2 mLfmin precondkion absorber vess... 55 7 Sample Trap Blank Metrohm (1)
0.0 920 Absceber Module 1 10-port valve  Change port Port 9, automatic 0.0 920 Absorber Module 1 10-port vaive  Change port  Port 10, etomatic port 10: waste % 8 sample Trap Blank Metrohm (1)
2 S UPW (S L) Dosing Pert 3, Volume 0.5 mL, Dosing rake S mL{min, Filing rate 1.0 mLjmin  empty buffer tube 57 b 1 1 |
Wait Contirue after 1 5. 00 920 Absorber Module 1 10-port valve  Changeport  Port 9, aukomatic port 9: air s 9 Sample Trap Blank Metrohm (1)
UPYW (S mL) fspirate Port 3, Yolume 0.1 mL, Rate S mLfmin e :’al‘d :“':“’::"e';’l‘ S . 2 10 sample Trap Blank Metrohm ( 1)
\spirate ort 3, Yolume 0.1 mlL, e fmin Ir gap
Walt Conbiruwe after 25, wait Continue after 2. 61
0.0 920 Absorber Module 1 10-port valve  Change port Port 8, automatic port 8: absorber vessel 62
0.0 920 Absorber Module 1 10-port valve  Change port Port 8, autamatic W Sl s Port 3, Volume 3 L, Rate 2 mjmin i 2 |
i Schematic
UPW (S mL) Aspirate Port 3, Volume 3 mL, Rate 2 mLjmin Wak Contie after 5. 64 Pre Trap Fire Purge 3
0.0 920 Absorber Module 1 10-port valve  Changeport  Port 1, automatic port 1: 6-port valve 65 Elapsed: 0.0 min
W ait Contirne after Ss. UPW (5 L) Dosing Port 3, Yolume 0.5 L, Dosing rate S mLfimin, Filing rate 1.0 mijmin  pre-condition dead volume ... 66 GC Ready? I
X Actual Set
0.0 920 Abscrber Module 1 10-port valve  Change port Port 1, automatic ——
UPY (S mlL) Dosing Port 3, Yolume 0.5 mL, Dosing rate S ml /fmin, Fillng rate 1,0 ml/min UNITY cold trap 29 2%
UNITY interface 1198 120
UNITY heated valve 1199 120
UNITY fransfer line 1202 120
CIAIS oven 454 45
Clavalve oven 1204 120
ClAcanister lines 120 120
Clainterconnector 120 120
Pressures (psi)
Purge gas on
UNITY split gauge 344
Clavent gauge -0
ClAcanister gauge 03
MFC flows (mUmin)
UNITY split 19.7 20
Timeout 00:09:41 UNITY trap 50 50
P

Input 1 on 2 will allow switch to Combustion when Markes device — Trap heating
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Combustion — MaglIC Net

Time program
( \ Main program sample dose shsorber solution prepare absorber solution rinsing
i water kot e sample nested Hlloog sample D Fren Combestion [ |_Status | Sample Type | Comment _ Method |_ClAAdvantage Deviation __ Trap Fire Time | UNI
T Time Device Module Command Parameler Comment . | |Seuuence Repetition: 1 of 17 Continuous [ StartTime: [ [~
SR Fic) Complete Sample Trap Blank Metrohm { 1) 2025/06/24 09:37:45
e~ Wait Caonkinue after 5 5.
._'-' 0.0 Remote Box, Set lnes AR 13 2 Complete Sample Trap Blank Metrohm ( 1) 2025/06/24 10:00:49
— Remote Box Scan Ines PRI, Tmeout 10 min 4 3 Complete Sample Trap Blank Metrohm ( 1) 2025/06/24 10:22:24
Database wait Conkinue after 5 5. 15
Saquancs Conbustion 116 4 Active Sample Trap Blank Metrohm ( 1) 2025/06/24 10:44:11
32 0.0 Remote Box Set lnes s i uz 5 Sample Trap Blank Metrohm ( 1)
it Conkinue after 5 5. @
| | jh 0.0 920 Absarber Module | 10-portvaive  Changeport  Port 8, automatic port 8 sbsorber vessel 54 s SETpIS et C LT L)
e P (5 ml) Aspirake Port 3, Volume 0.5 ml, Rate 2 mlfmin precondkion absorber vess... S5 7 sample Trap Blank Metrohm ( 1)
0.0 920 Absorber Module 1 10-part valve  Change port  Port 10, sutomatc port 10: waste 56
UPW (5 L) Dasing Port 3, Volume 0.5 mL, Dosing rabe 5 mLjmin, Flling rate 1.0 mijmin  empty buffer tubs 57 N Sample raBeankivsonmi ()
—C 0.0 020 Absorber Module 1 10-portvalve  Changs port  Port 9, aukomatic pert 8: air =3 9 Sample Trap Blank Metrohm (1)
—C LE ST s € 10 Sample Trap Blank Metrohm { 1)
UPW (S ml) Aspirate Port 3, Volume 0.1 mL, Rate § mLfmin alr gap &0
‘Configue ation it Conkinue after 2 5. 61
0.0 920 Absorber Module 1 10-port valve  Change port  Port B, automatic port B: absorber vessel &z
Instruments. e |
UPW (5 L) Aspirate Port 3, Yolume 3 mL, Rate 2 mLfmin aspirate sample into buffer ... 63 -
Wit Continue after 5 5. 2 Trap Desorb ST Achematc )
00 920 Absorber Module | 10-port vaive  Changs port  Port 1, automatic port 11 -port valve & Elapsed: 2.8 min Coviar? & Isr
P (5 ml) Dosing Port 3, olume 0.5 mlL, Dosing rate 5 mLjmin, Filing rate 1.0 mijmin  pre-condition dead wolume ... &6 GC Ready? v t
Actual Set
Temperaturas ("C)
UNITY cold trap 3488 350
UNITY interface 120 120
UNITY heated valve 120 120
UNITY transfer line 1203 120
CIAIS oven 448 45
M wrm Clavalve oven 1203 120
. . : L ; ; . . . ClA canister lines 1199 120
Main program | sample | dose absorber solution  prepare absorber solukion rinsing | waker inlst prepare waker inkst sample nested fillloop sample  postrinse  Prep  (Combustion e ——— o~ -
Pressures (psi)
Time Device: Fodule Command Parameter Cornrnent Mo Purge gas o
0.0 Paralel dose absorber solukion 105 SRR el
Clavent gauga -0
0.0 Paralel waker inket 110 ClAcanister gauge 03
e o MFC flows (mlUimin
Wit Corkinue after 480 s, 111 oy l
UNITY split o o
Sequence post rinse 112 UNITY trap 0 0
*
Wait Contirue afber 5 5. 95
Sequence Cornbiestion 7
0.0 Bemote Box St lres e ———— 101
Walt Continue after 5 5. -
0.0 920 Absoeber Module 1 10-poet valve  Changepert  Port 8, aubamatic port 8: absorber vessel -3

After combustion- GC switched to inactive 2025 NEMC - St.Louis MO 12



Sample Nesting — MaglIC Net

Tine progran

Main program sample dose absorber solution prepare absorber solution rinsirg weaker inlet prepare waber inkst sample nested fill loop sample post rinse Prep Cambuskion

Time Dievvice Maodiude Command Paramster Comment Ido.
Sequence Prep 104 . ..
wat  Conueaferss 107 Markes device waiting
0.0 Remahks Ba Set res o= 113 > . .
RonotsBox Sniees S, Timeot 10 114 to switch to active after prep steps
Wait Conkirnue after 5 s. 115
Sequence Combustion 118
0.0 Remate Box et nes L e 117 Instruments i~ |
Wait Continue after 5 5. ¥ Waiting for GC Ready 2 Schematic
0.0 920 Abscrber Module 1 10-port valve  Change port  Port 8, automatic port B: absorber vessel 7] Elapsed: 0.2 min Coarfedd GC
LIPW (5 ol Aspirate Part 3, Yolume 0.5 mL, Rate 2 mljmin precondtion absorber vess... 55 GC Ready? X I_"‘:‘I‘\‘ I’“"f?’ H _(j EE ] -
0.0 920 Absorber Module 1 10-paet walve  Change port Port 10, aukomatic port 10: waste 58 Tempersares (4G} e e LAY UNITY .
LIPYW (5 L) Dosing Part 3, Wolume 0.5 ml, Dosing rate S mbjmin, Alling rate 1,0 mlfmin - empty buffer tube 57 UNITY cold irap T e :EJ
0.0 920 Absarber Module 1 10-pork walve  Change port Port 9, automatic piork 9 air 55 T e 7]
YAt S UINITY heated valve 197 120
UP'W 5 L) Aspirate Port 3, Yolume 0.1 mL, Rate 5 mlfmin air gap 21} T (e T o
Wait Conkirnue after 2 5. 61 ROIGTT e e
0.0 920 Absorber Module 1 10-port valve  Change port  Port &, automatic port & absorber vessel 62 P p— 1208 120
LR (5 L) Aspirate Port 3, Yolume 3 ml, Rate 2 miLjmin aspirate sample inbo buffer ... 63 Gl canisier lines 1199 120
et o e & Glainterconnector 1204 120
0.0 920 Abscrber Moduls 1 10-paek valve  Thange port Part 1, automatic port 1 6-pork vahe 65 Prassures (psi)
LIPS 5 L) Dasing Part 3, Yolume 0.5 mL, Dosing rate S mLfmin, Filing rate 1.0 mLfmin  pre-condition dead volume ... &5 Purge gas on
* UNITY split gauge 351
Clvent gauge 01
Clacanister gauge -0.3 = 1 e
BFC flowes Gmliming i :f,_J :li
UNITY split 93 10 P e SR
LIMITY frap 1] o

2025 NEMC - St.Louis MO 13
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Blank Analysis before analyzing any samples

pSiem

100

* Black Trace — CIC system Blank
* Red Trace — X-fer line Blank
e Green Trace — Focusing Trap Blank

19
15
047
1%
1%
14
083
152
191
190
08
18
1
1%
0.5
AN
[LEY

18
041
1
17
17

077
076

] 05 it 1& 20 28 3 35 4 45 50 55 6 i

Date = Mumber Ident sample type Volume Dilution Sample amount Method Analysis Leq... Display
1 2024-08-27 12:55:40 UTC-5 1 CIC System Blank Sample 200.0 1.0 1.0 CIC_Gases_Simplified 082024 _Variable Volume ICinj  Anions
2 2024-08-27 15:23:19 UTC-5 z TD_CIC ¥-ferline Blank Sample 200.0 1.0 1.0 CIC_Gases_Simplified 082024 _Variable Volume ICinj  Anions
3 2024-08-27 16:53:04 UTC-5 3 TD_CIC Focusing Trap Blank  Sample 200.0 1.0 1.0 CIC_Gases_Simplified 082024 _Variable Volume IC inj  Anions
F 4 2024-08-28 10:34:02 UTC-5 4 TD_CIC Focusing Trap Blank  Sample 200.0 1.0 1.0 CIC_Gases_Simplified 082024 _Variable Volume IC inj  Anions

2025 NEMC - St.Louis MO 14
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Calibration Overlay (3ng — 125ng F)

psicm |

42.0 F

240
32,0 ~
20,0 <
28,0 -
2640 -
24.0 =
22,0 4
20,0 A
180 4
160
14.0 4
120 4
1000 4

2.0 4

B0 A

40

20
0.0

0.0 o0& in 15 2.0 2.5 30 35 40 4.5 E.0 EE ED L1 7.0 7E 2.0 2.5 a0 4.5 0.0 105 min
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Calibration Curve

[pSfern] x rain

70 T

B5

ED

CE ¥

5.0

45 1
40
35 =+

201

25
20 /
15

0o 0.0 200 200 40,0 =) E0O Foa 200 90,0 jLL] 1100 1200 1200 g

Function: = A= -0.0534810+ 3,37314E-4= () - 2,33921E-9x Q?
Relative standard deviakion 1.391%
Correlation cosfficient 0.999954
Curve type | Quadratic

Weighting 1
Sample type Index Cone. Volume Dilution Sample amount Area Ident Date = Lsed Cone.(calc.) Conc.(dev.,%)
L Standard & 1 125.000 200.0 1.0 1.0 6.91972 TD_CIC S0mls of TFA sample for CIC 2024-08-28 13:41:55 UTC-5 125.054 0.04
2 Standard 5 1 52,500 200.0 1.0 1.0 3.77968 TD_CIC S0mls of TFA sample For CIC 2024-08-28 14:24:19 UTC-5 62,182 -0.51
3 Standard 4 1 31.250 200.0 1.0 1.0 2.00201 TD_CIC S0mls of TFA sample for CIC 2024-08-28 14:47:22 UTC-5 31.878 2.01
4 Standard 3 1 12.500 200.0 1.0 1.0 0.73990  TD_CIC Canister#2 S0mls TFA sample for desorption  2024-08-29 13:21:10 UTC-S 11.959 -4.33
5 Standard 2 1 6,250 200.0 1.0 1.0 0,36772  TD_CIC Canister#Z S0mls TFA sample for desorption  2024-08-29 13:48:54 UTC-5 6,298 0.78
& Standard 1 1 3.130 200.0 1.0 1.0 0.16557  TD_CIC Canister#2 S0mls TFA sample for desorption  2024-08-29 14:10:46 UTC-S 3.262 4,21

2025 NEMC - St.Louis MO 16
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Canister # 2

F Sample prep in Canister #2
e TFA spiked into Canister and pressurized with
N, gas at 1 atm

Sample injection
e 50mls sample through CIA and Unity focusing trap
200uL Loop Injection (MiPT used for Calib Curve)

3.13 ng — 25 ng - Overlay p\ Fluoride mass (absolute) 0.025 ug = 25ng

2025 NEMC - St.Louis MO 17



Canister # 2 — lowest

Detail overview - Results

b=

Results Fluoride

concentration replicates

Result | Concentration

MARKES
[nternationall

£ Metrohm

o

[ra]

Control chart 3,70 A

2.6E
ER T
3.55 1
2.50 <
245 1

240 7
337

2,35
3,30 7
2,25
3.20 7
2,15 <
210 4
2,05 1
2.00 4

2,95 -
2.0 |

3 ng — 6 replicates
Avg - 3.37ng
RSD -3.822%

£

Muriber

Statistics Mean value:
Mirimum:

Maxirmurm:

3.376 ng
3.205 ng
3.546 ng

Absolute standard deviation:
Relative standard deviation:

Mumber of determinations:

0.129 ng
3.822 %

2025 NEMC - St.Louis MO
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Houston Lab Air sampling and analysis

|

* 500mls of House air sampled (10 minutes)
e Desorbed into CIC

* Total Fluorine in MUSA Pasadena
Lab Air = 522 picogram (only 2 data points)
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Conclusions

* Metrohm USA and Markes International created an
innovative technique to compliment OTM-50 method
(targeted compounds) for monitoring Total Fluoride in
Air

[nions

* This technique is canister-based technique which is
very common in Air Monitoring methods like TO-14 and
TO-15

* Limit of quantitation (LOQ) can be extremely low
depending on the volume of sample trapped and
injected on the IC

2025 NEMC - St.Louis MO 20




Metrohm CIC Advantages

markes () Metrohm

Expertise in CIC Analysis

Innovative technology for
Inorganic Fluoride removal

Flexible Calibration and Sample
Handling Options

Streamlined Software Integration

Single Vendor Support for
Entire System
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Thank You

Questions? Please contact us at communications@metrohmusa.com

2025 NEMC - St.Louis MO 22
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