£ Metrohm

A Novel Approach to Total

Organic Fluorine Analysis
Using CIC

Jay Gandhi, pPhD
Metrohm USA




Today we will discuss

 Background
e Approaches to measuring non-targeted PFAS
* Development of draft EPA Method 1621

* Limitations of Adsorbable Organic Fluorine
(AOF) analysis

* Innovation for Total fluorine analysis with
inorganic Fluoride removal

* Exemplary data for the innovative technique

* Next steps and summary




Per- and polyfluoroalkyl substances * PFAS are manmade “forever” chemicals used

(P FAS) in industry and consumer products.
* Exposure to PFAS may have negative health
effects.
. of different PFAS-related

compounds have been identified.

Water-Repellant Firefighting
Clothing Foams
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Approaches to Measuring PFAS

Targeted analysis: Non-targeted analysis:
* Measure selected PFAS compounds using specific e Better risk assessment tool for true “impact” in the
methodologies environment
e Currently limited to < 100 compounds  Measure organic fluorine
* Common technique: LC-MS/MS * Emerging technique: Combustion IC w/ AOF

* US EPA Method 1621




Non-Targeted Analysis of Organic Fluorine with CIC

Extractable Org F (EOF)

Direct combustion Cagture & elute

Adsorbable Org. F (AOF)

Capture & combust

* Combustion of sample in CIC to ombustion of extracted liquid sample « Combustion of charcoal w/ extracted

measure Total Fluorine in solids/liquids n CIC to measure organic fluorine liquid sample in CIC to measure organic

Sample preparation

Today, we will focus on this Innovative

* None

technique

Approximate detection limit

e 10 ppb or Less d Inal wash with nitrate solution to
remove inorganic fluoride
roximate detection limit

« 2-5ppb (standard CIC) Approximate detection limit
« 0.5-2 ppb (Profiler-F) * 2-5 ppb(standard CIC)
* 0.5-2 ppb (Profiler-F)

EPA Method 533/537 Draft EPA Method 1621
Draft EPA Method 1633 DIN 38409-59 ’
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What are limitations for AOF/EOF

techniques?

AOF Technique:
e Adsorption efficiency of Hydrophilic Compounds

* Competing Organic Compounds
* Logistics issues for carbon tube supplies and

controlling Fluoride background in adsorption
material
EOF Technique:
* |lon Exchange SPE cartridges capacity

* Competing lons for WAX/SCX/SAX SPEs

* Use of solvents for CIC — Risk of flammability
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Classification of Fluorine Compounds

TF

Total Fluorine

TIF

TOF Total Inorganic
Total Organic Fluorine Fluorine Total Organic Fluoro Chemicals in Environment

2%

\

AOF EOF
Adsorbable Extractable
Organic Fluorine Organic Fluorine
(including non-PFAS) (including
non-PFAS)

Targeted
PFAS

® Non-Target FC
® Target FC
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* So based on outlined facts regarding Total
Organic Fluorine and limitations of AOF/EOF
techniques....

* Itis my pleasure to introduce an innovative
technique for wastewater samples, which is
advantageous because:

* Itis adirectinjection of aqueous
samples into CIC

* Elimination of Inorganic Fluoride
interference by simple sample prep.

* It has capability to remove or
significantly reduce other interfering
inorganic anions and cations

* This technique ultimately provides trace
level analysis of any C1 +
Fluorochemicals in Aqueous Samples
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TOTAL FLUORINE ANALYZER

Direct Inject Aqueous Configuration
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TOTAL FLUORINE ANALYZER

Screen Shot of instrument method



How it Works

The system takes a single liquid sample and completes both a free fluoride analysis using direct IC and a total fluorine analysis
incorporating innovative combustion technology.

TRADITIONAL IC MEASURES IMPROVED CIC MEASURES
FREE FL‘UORINE TOTAL FLUORINE
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TOF calculated in software for each sample
Total F - Free F = Total Organic Fluorine

Total Fluorine = Total Organic Fluoride + Free Fluorine



Understanding the needs of trace level TOF analysis

* Typical Tap Water in USA is
Fluorinated from 0.5 ppm to
4 ppm
* 0.5 ppm =500 ppb
e 4 ppm =4000 ppb

* This water ends up in
wastewater containing IF

* To determine 10 ppb or less
TOF in this matrix requires
removal of Inorganic
Fluoride

TRADITIONAL IC MEASURES IMPROVED CIC MEASURES
FREE FLUORINE TOTAL FLUORINE
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TOF calculated in software for each sample
Total F - Free F = Total Organic Fluorine

Total Fluorine = Total Organic Fluoride + Free Fluorine
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Free Fluoride removal mechanism

METHODS OF REMOVING INORGANIC FLUORIDE FROM COMPOSITIONS
CONTAINING FLUORINATED ORGANIC COMPOUNDS

Mechanism I

HF + (R);-SI-O-SI(R); — (R)3-SI-F + (R);-SI-OH (1A)
(R);-SI-OH + HF — (R),-SI-F + H,0 (IB)
Mechanism II:

H,O + (R),-SI-O-SI(R);— 2 (R);-SI-OH (11-A)
(R);-SI-OH + HF — (R),-SI-F + H,0 (11-B)

R = ALKYL GROUPS
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Sample Preparation Workflow

Vendors such as Genevac,
Buchi etc.

Add X mls of Record final weight

Reagent (FF R SR for concentration
(room temperature)
removal) factor

Combustion — IC
Analysis

Record weights of Pipette 10mls of

empty clean vials water sample

Note: Mostly, tested 1:1 concentration factor
for sample up to 10ppm IF removal
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Direct Aqueous Inject (CIC)
Exemplary Data

* Inorganic Fluoride removal Study in
Tampa Tap Water

e (alibration

* Precision and Recovery of spiked
Org. Fin 0.5 to 4 ppm Fortified Tap
Water




Inorganic
Fluoride
Removal
Study

(Tap Water)

Fortified Tap Water -
untreated

10 ppb F (from C1+C2+C3
PFC) Spike in fortified Tap
Water — after Inorg. F
removal

n=3

L2 Metrohm

—==F|uoride

Chloride

Tap Water fortified with
4ppm Inorganic Fluoride
Before Sample Treatment

Sulfate

=

L Ay
-~ AN
5
99.99 % s
S
Inorg. F removal Tap Water fortified V\Lith
4ppm Inorganic Fluotide
After Sample Tregtment o
£

Fluoride — 3 ppb
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Calibration

Direct N
Injection CIC i
] Relative standard deviation 4, 322%

Correlakion coefficient 0,999520

Curve byvpe | Quadratic

041 Weighting 1 /Concentration
IU.U SUI.U IUEII.U 150‘.0 ZUUI.U 250‘.0 3UEII.U 350‘.0 400‘.0 450‘.0 SUUI.U P!i
=
Equiv. Sample £0.0 F
= Range: 5to 50 ppb F R 55.0 Fluoride
(ng/mL) con
= Organic F source: C1+C2+C3 Std #1 10 o
PFAS compounds Std #2 20 0.0
= # Replicates: n=3 SEJE 40 =0 h
Std #4 100 300
Std #5 250 =0
Std #6 500 .
15.0
10.0
5.0
0.0 : . . . . . - - - n . . . . . 17
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Check
Standards

= Check Std : 10 ppb F
= QOrganic F source: PFBS

= Analyzed between every
batch of 10 samples or less

Check Standard (10 ppb F, sample equiv.)

Fluoride
E
= i o o o]
= 0
L]
8] o o
10.00 o
Q o
5.80 o
o]
9.80
[#] (o] O
8.60 ©
(o]
8.40 o
o =]
9.20
I T T T T T T T T T
o 2 4 Li] a 10 12 14 16 18 Mumber
Statistics
Mean value: 880 ppm Absolute standard deviation: 0.28 ppm
Miminnumm: 830 ppm Relative standard deviation: 28B4 %
Maximum: 10.24 ppm MNumber of determinations: 21

Avg. Recovery RSD (%)

(%)

Check Std 99.6 2.8
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Organic
Fluoride

Recovery
Study

(Fortified Tap
Water)

Tap Water fortified with
4ppm Inorganic Fluoride

Sample preparation workflow
to remove Inorganic F

Organic F=10/20/ 30ppb

luoride

Reagent Blank — Fluoride = 5 ppb

Org. F (mix of C1-C3 PFC) = 20ppb (removed 4 ppm of Inorg. Fluoride)

Data from IC only -
Inorganic Fluoride = 4 ppm removed

Org. F (mix of C

Inorg. Fluoride)

T
160

T
170

180 i
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Profiler-F for Wastewater — Next Steps

Profiler-F for Wastewater

- Evaluation of real-world wastewater samples — work
in progress

- Optimizing the sample prep to “concentrate” the
sample to achieve sub-ppb level detection




Innovative Technology For Direct inject CIC

Profiler-F for Wastewater

- Metrohm just introduced Innovative technology to
remove Inorganic Fluoride

- Direct injection of wastewater samples for TF
analysis

- This technique will allow analysis of Total Fluorine
from Fluorochemicals from C1 — C, (all water-soluble

compounds)
- Parts per billion (ppb) detection levels achieved




Metrohm CIC Advantages

£ 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
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