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Whichmethodsareappliedactually

CHARACTERISTIC EPA 537.1 EPA533
EPA DRAFT 

1633
DoDQSM / 

537M
DIN 38407-

42
ISO 21675-

2019

MATRIX DrinkingWater DrinkingWater
Non-potable
water, solids, 

biota

Non-potable
water, solids, 

biota

Drinkingwater, 
groundwater, 
surfacewater, 

treated
wastewater

Drinkingwater, 
naturalwater, 
waste-water (< 

2 g/L SPM)

COMPOUNDS 18 25 40 25 10 30

SPE - CARTRIDGE SPE ɀSDVB SPE ɀWAX
SPEɀWAX, 

carbonclean-up
SPEɀWAX, 

carbonclean-up
SPEɀWAX SPEɀWAX

Automated SPE 
FREESTYLE

XANA-PFAS
XANA TableTop

XANA-PFAS
XANA TableTop

XANA-PFAS
XANA TableTop
SPE-PFAS (Dual)

XANA-PFAS
XANA TableTop

XANA-PFAS XANA-PFAS
XANA TableTop

Concentraction D-EVA D-EVA D-EVA D-EVA D-EVA D-EVA

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis



Whichmethodsareappliedactually

FREESTYLE SPE PFAS
FREESTYLE XANA 

PFASTableTop
FREESTYLEXANA 

PFAS

Max. volume per sample 100 mL 250 mL
(dedicatedbottles required*)

4 L 
(10 L Upgrade possible)

Samples persequence 27 30 24

Duration per sequence
(dependingon regulation and flow rates)

13 h (Dual-SPEfor food matrices) 12 h (for US EPA 537.1) 9 h (for US EPA 537.1)

Samples at the sametime 1 Upto 6 Up to 6

Location Onlaboratorybench Onlaboratorybench On includedtable

Fumehoodrequired No

PFAS compatibility PE tubings, PTFE freesyringe, PTFE freevalves

Solvent compatibility Compatiblewith all solventsrequired

* Thermo/Nalgene; P/N: 2104-0008

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis



Sampling

-
250 mL bottle

Clean-up with FREESTYLE XANA-PFAS 
System

Concentration
with D-EVA

-

final volume-
controlled

Analysis

Sample PreparationSolution for WaterSamples

Sample Preparation Solutions by LCTech

SPE Material

Clean-Up with 
FREESTYLE PFAS 
for SPE Cleanup
(also Dual SPE)

Sampling

-
Homogenized sample

Concentration
with D-EVA

-

final volume-
controlled

Analysis

Sample Preparation Solution for Food/Feed, Soil, Biota
SPE MaterialExtraction by 

PLE

X-TRACTION



Updated US EPA 537.1  - Summary of the Method

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis

ÅLoad 250 mL water sample + SUR onto SDVB SPE cartridge

ÅLoad 2x 7.5 mL water (sample bottle rinsate) on cartridge and dry cartridge for 
5 min with air/N2

ÅRinse sample bottle with MeOH(2x 4 mL), rinsateapplied for elution

ÅConcentration to dryness 

ÅAdjust to 1 mL volume with 96:4 % (vol/vol) methanol:waterand IS

ÅInject 10 ʈ,into an LC-MS/MS equipped with a C18 column



Automated SPE as Introduced on NEMC 2020

ÅFREESTYLE SPE PFAS or
ÅFREESTYLE SPE XANA PFAS

FREESTYLE-SPE-XANA

ĄMinimized fluoroplastic
components

ĄNo PFAS background

ĄRobust24/7 automation

FREESTYLE and D-EVA for Automated Sample prep in PFAS Analysis



The Guarantor of a Robust Throughput

Non-stop policy ɀa unique error handling

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis

Pressure Monitoring

Once this monitoring 
alerts a blocked 
cartridge, this one will 
be taken out of the 
sequence (noted in 
report) and the rest of 
the sequence 
processed



Highlight for Throughput- External Working Station

ÅPE transfer tube system acc. to material 
chapter of the method

ÅPumps pump 3 samples in parallel with flow 
rates of 1 - 30 mL/min.

ÅConditioning, washing, rinsing and drying of  
3 columns in parallel with up to 8 solvents for 
conditioning, rinsing and washing

ÅDetection of empty bottles, positions that 
ÁÒÅ ÎÏÔ ÕÓÅÄ ÁÒÅÎȬÔ ÐÒÏÃÅÓÓÅÄȦ
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Highlight for Throughput

Parallel loading and overlapping process 
on Working Station on  FREESTYLE 
platform:

ÅProcesses 2 x 3 samples in parallel

ÅTightens 6 columns  pressure-tight
ÅLoads 3 columns in parallel
ÅDries 3 columns in parallel

ÅWith central discharge

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis



Automated SPE Applied Acc. to US EPA 537.1
FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis

0

20

40

60

80

100

120

140

Recoveriesfor US EPA 537.1 at 1ng/mL (n = 5)



Automated SPE Applied Acc. to US EPA 537.1
FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis

Demonstration of low background:
All analytes are below 1/3 of lowest standard; Proposed MRL of 0.6 ng/L

Proposed MRL of 0.6 ng/L

Apparentbackground

derivesfrom the solvents, 

whichwas provenin 

additional experiments

US EPA 537.1 doesnot 

allowsubtractionof blind 

values

*see oral presentationof NEMC 2020, Resultsprovidedby Agilent Laboratory, Wilmingtonȱ
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Additional Info Demonstration of Low Background

Automated SPE Applied in Acc. to US EPA 537.1

Despitethe fact that all valuesareaccordingto requirement, check for the causeof
contaminationby evaporatingall solventsoffline.  

Evaporation Experiment of the sum of all solvents in the protocol without FREESTYLE involved

*see oral presentationof NEMC 2020, Resultsprovidedby Agilent Laboratory, Wilmingtonȱ



Homework After Last Talk ɀNo Cross-Contamination

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis

ÅCustomer results acc. to ISO 21675:2019 which covers 30 PFAS analytes

Å2ÅÐÏÒÔÉÎÇ ,ÉÍÉÔȡ Ј ΦȟΨ ÎÇȾ,

ÅBlank value for highly contaminated samples e.g. 4500 ng/L 

ü Cross-contamination ~ 0,2 %

ü Applicable for drinking water analysis

ÅDuration for 24 samples with additional rinsing ~8 h



Homework After Last Talk - Evaporation

ÅCollectedeluatein Falcon tubes

ÅCommon systems that use final volume 

detection by light barrier have glass 

vessels involved ɀPFAS adhere to these

ÅTherefore only cost and time consuming 

N2 blow-down used  

ȵ4ÈÅ next stepiswhereweneed

automationaswellȣȢȰ
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Please meet our D-EVA

Sampling

-
250 mL bottle

Clean-Up with FREESTYLE 
XANA-PFAS System Concentration

with D-EVA

-

final volume-
controlled Analysis

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis



The Solution

VacuumCentrifugation
ȵPoweredby,#4ÅÃÈȰ

ÅD-EVA consists of:
ÅCentrifuge with special software and 

default settings

ÅCryotrap

ÅRotor

ÅSpecial LCTech sensor

ÅRotors for 15 mL and 50 mL 
FalconËTubes available

FREESTYLE and D-EVA for Automated Sample prep in PFAS Analysis



The Solution

ÅChallenges remaining:

ÅEvaporation stop at defined low final 
volume needed for PFAS analysis

ÅAvoid overheating at end of 
evaporation

ÅSpecial LCTech sensor and software
developed for automatic STOP 

ÅEnergy supply via light, no 
overheating at end of process

FREESTYLE and D-EVA for Automated Sample Prep in PFAS Analysis



Racks with FalconËTubes

Rack for parallel processingof 10 x 50 mLFalconËTubes Rack for parallel processingof 23 x 15 mLFalconËTubes

FREESTYLE and D-EVA for Automated Sample prep in PFAS Analysis




