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When Automated Solvent Extraction and Robust LC-MS/MS are 
Coupled for Soil Analysis?

Overall, the calculated MDLs from the workflow are 

2 times better than those reported in EPA Method 1633 in soils 
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EPA reported MDLs This work’s MDLs
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How did we get there? 
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LCMS 
Method

Pressurized
Solvent 
Extraction 

Background 
Assessment

Sample 
Analysis

MDLs 2 times better than 

those reported in EPA 

Method 1633 in soils 



LCMS Method

6More info about the method in poster Improvement of the Method Detection Limit Listed in EPA 1633 for PFAS

Shimadzu’s LCMS-8060NX With Standard Configuration

Parameter Value

LCMS Shimadzu LCMS-8060NX

Analytical Column
Shim-pack Scepter C18-120, 3.0 μm,

2.0 x 50mm

Delay Column
Nexcol PFAS Delay Column 5um

3.0 x 50mm

Injection Volume 15 μL

Pretreatment Mode Co-Injection

Column Oven Temp. 40°C

Mobile Phase

A: 2 mM Ammonium Acetate in LCMS 
Grade Water

B: Acetonitrile

Flow Rate 0.4 mL/min

Run Time 14 minutes

https://envirosymposium.group/meeting/2024/load_abstract.php?id=117
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• Improved peak shape

• Better reproducibility of 

retention times

Enables good quality larger 

injection volumes, hence, 

increases sensitivity

• In-needle derivatization 

and ion-pairing addition



Co-injection – what it is and benefits
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25 µL Sample
25 µL Sample ＋

25 µL UPW with 0.1 % AA

Co-injection

m/z 163.00>119.00(-)
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(UPA: Ultra pure water, AA: Acetic acid)
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Column: Shim-pack GIST-HP C18, 3.0 mm i.d. x 100 mm L, 3 μm

More info in presentation at NEMC 2023

https://apps.nelac-institute.org/nemc/2023/docs/presentations/pdf/8-3-23-Polyfluoroalkyl%20Substances%20(PFAS)%20in%20the%20Environment-17.05-Iwasa.pdf


Calibration curve
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• Calibration curve range from 0.02 – 1.25 ng/mL 

• Lowest calibration standard 10 times lower 
than EPA Method 1633 Cal 1 (PFBA: 0.08 ng/mL)
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• %RSE values from the calibration curve <18%.

• %Accuracy Cal 1: 93-103%

Acceptable range for Cal 1



No delay column

Systematic evaluation of background

• New Shimadzu LCMS-8060NX 

• Standard configuration

• Degasser in-line

• Standard fluoropolymer containing tubing

• Data acquired according to EPA 1633

• Using methods with standard injection and co-injection 

• Replicated injections (n=7) of each condition 

• No delay column: NULL, blank, blank co-injection 

• Delay column: NULL, blank, blank co-injection, calibration curves

• Compounds detected in background 

under at least one condition tested: 
PFBA, PFHxA, 5:3 FTCA, PFPeS, 6-2 FTS, 7:3 FTCA, 9Cl-PF3ONS, PFHpA

Data in plot includes only n=2 per condition

7.51e4Q 213.0000>168.9000 (-)
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Systematic evaluation of background

• New Shimadzu LCMS-8060NX 

• Standard configuration

• Degasser in-line

• Standard fluoropolymer containing tubing

• Data acquired according to EPA 1633

• Using methods with standard injection and co-injection 

• Replicated injections (n=7) of each condition 

• No delay column: NULL, blank, blank co-injection 

• Delay column: NULL, blank, blank co-injection, calibration curves

• Compounds detected in background 

under at least one condition tested: 
PFBA, PFHxA, 5:3 FTCA, PFPeS, 6-2 FTS, 7:3 FTCA, 9Cl-PF3ONS, PFHpA

More detailed results about this 

work on Wednesday August 7th

at 4:30 pm 

Session: Collaborative efforts 

to improve environmental 

monitoring

Delay Columns: Additional 

Impacts to Delaying PFAS 

Present in the Background

https://envirosymposium.group/meeting/2024/load_abstract.php?id=119
https://envirosymposium.group/meeting/2024/load_abstract.php?id=119
https://envirosymposium.group/meeting/2024/load_abstract.php?id=119


Extraction method
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• Pressurized Fluid Extraction

• Sequential – automates 12 samples per rack

• Reusable Q-Cup sample cell

• Side enclosure

• Centrifuge tube collection

• Filtration step included

EDGE PFAS: Automated Solvent Extraction 



Extraction method
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• PEEK and Polypropylene tubing

• All components tested for PFAS



Extraction method
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• PEEK and Polypropylene tubing

• All components tested for PFAS to confirm

absence of contamination

Clean filter (Q-Disc): 

<LOQs

EPA 1633 by a commercial laboratory 

(LOQ = EPA Cal 1)

More info in next slides!



Overall sample preparation
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• Carbon Black

• WAX SPE

Extraction: EDGE PFAS

Clean-up



Experimental Plan
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• Each sample - 5 g of Ottawa sand

• Three spike concentrations tested: ¼ EPA Cal 1, ½ EPA Cal 1, EPA Cal 1

• Each concentration tested:

Extraction batch: spiked samples (n=9), unspiked samples (n=2), blank (n=1)

Randomization of sample position in the extractor

LCMS Batch analysis according to EPA 1633

Prior work (not included in this presentation): recovery confirmation after spiking samples at each step of the workflow



Results – Calibration Verification
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• Calibration verification - every 10 sample injections, mid level standard 
• Average %accuracy: Targets - 92 – 107; EIS – 97 -106
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Results – Unspiked Samples
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1) L: Low Spike = [EPA Cal 1]/4 
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Analyze in duplicates in each of the three sets of samples tested:

1) L: Low Spike = [EPA Cal 1]/4 

2) M: Mid Spike = [EPA Cal 1]/2

3) H: High Spike = EPA Cal 1

• All results <MDL, except 6-2 FTS in Low batch

• Source of targeted PFAS: Ottawa sand

Confirmed by absence of detectable peaks in instrument blank (full workflow) and NULL injections (LCMS)
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Results – Recoveries Spiked Samples

216-2 FTS in Low Spike: not reported due to presence of compound in unspiked sample 

%RSD ranges (n=9): Low – 10 - 25; Mid – 5 - 27; High – 6 -14



Results – MDLs
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EPA reported MDLs This work’s MDLs

EPA’s range: 0.05 – 0.15 ng/g

This work’s range: 0.01 – 0.06 ng/g 

EPA’s range: 0.04 – 0.87 ng/g

This work’s range: 0.01 – 0.45 ng/g 



What Happens… 
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When Automated Solvent Extraction and Robust LC-MS/MS are 
Coupled for Soil Analysis?

With proper method optimization and thorough evaluation of each 
component involved in the workflow…

Overall, the calculated MDLs from the workflow using 
the CEM EDGE PFAS combined with the Shimadzu LCMS8060NX 

were 2 times better than those reported in EPA Method 1633 in soils 
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For any questions, contact:

Ruth Marfil-Vega 

rmmarfilvega@shimadzu.com

For more information, visit:

www.OneLabOneEarth.com

Connect with us:

X - @shimadzussi

Instagram - @shimadzussi

LinkedIn - /company/shimadzu-scientific-instruments/

YouTube - @ShimadzuScientificInstruments

http://www.onelaboneearth.com/
https://czhzq04.na1.hubspotlinks.com/Ctc/RI+113/cZhzQ04/MVDbmPfclzhW12xyz57jl7vwW93kvSZ4WLJ8vN861KBG3q90_V1-WJV7CgH_CW4BTNLL8fBcD-N38JF9fjc1M5W8KBjln60jfFSW1qTm3D7TKM98W1YYtjq5m04tnN40bJ7-H_QT5W8WtrQ78yySM9W4V9GZs6HgB32W8J2TnX6mxzXLW7QHnzc5YGbkcW4m110C56WzFyN6jHLX2mNQ_DVVtrT4454kk9W6MJSh82t8f-YW1D2wrb9jqvX2W3bDpBX8MGSqnW7Kks-T1nkMZLW61vs0x8896RwW8RPQkJ43l5zpW4Gv9mL8fHjN5W2BR19J3Vv209W32wscT78_lyzW9kypR-7drg9pW4DZ_P57Q2VtRN7q5q30WynyjW8JYSxw88qg79W3l8kYS4Kt3cPW6bt1g_5RsbHpW2XsFfR1NKhczW6P-k6g215TNK37Mc1
https://czhzq04.na1.hubspotlinks.com/Ctc/RI+113/cZhzQ04/MVDbmPfclzhW12xyz57jl7vwW93kvSZ4WLJ8vN861KzN3q905V1-WJV7CgW1TW91lb4t9bpMV1VchvwB6mCLX-N8jJs744pYC3W748lCm3kGrpWN4hRtLTnm0CKN7nlsCmfrHvqW6xJqC69kCzTbVt2h5Y7J4-6JW8Z3l7j87fWkmVcYLpD5s_tP-W7LFT7922ZKn1W5FMBXn7lQ_jQN1gRfMgWJZqSW5JWnXt5_zjqLW3lq2lB2YdBQ6Vc1FH849VnNYN4BfYdqRV9SPW415Qhh2fPWM1N61jPlc6swHqN8SyQRM-l0zrW8-3Z1H8bWGbDW8nrcdh6pVrNlW8VlVMV2Jqd-TVPN64L13pCTT3cgx1
https://czhzq04.na1.hubspotlinks.com/Ctc/RI+113/cZhzQ04/MVDbmPfclzhW12xyz57jl7vwW93kvSZ4WLJ8vN861KBm3q90JV1-WJV7CgMdbW5wcCgr7h-Qk0W7Z4vg8292G9fW2sZ29R83jsQwW4Jfl1z883dSxW5RLtNl6KDy0qW2dKHhR3vYt_7W8_MpBY39QPD7W8KnPCh226BCTW5S6HwY8hsPJwW2N1P2t293xhCM_LpskdSqvZW6SB0P82_xh5qW4xC_9R91pbPQW3SBR6-4tSNLBW1ZxD3B278mt1W1fnzqB3l4CsVW1Z_2QP5H_LRmN2RyC71hsPw-V_J8__77lYvTW5m1z2W4ZjR6MVqHF3d73ggQnW1jBfqk3XlBhDW98zDYz3f6s1RW2Z-Tf27k0spvW2mxyV_4-DcnCW71B5LN7qPZJhW2swxLS2Hk8fJW6ywSJ27PQM993b9j1
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