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Direct Injection vs. Solid Phase Extraction

Direct Injection-ASTM D8421

▪ “Direct injection” often a misunderstood term.

▪ None of the methods in this presentation are truly “direct inject” methods.

▪ Aqueous samples are first extracted with methanol (50:50 co-solvation).

▪ Solid samples also go through an extraction (liquid-solid)

▪ PROS: Smaller sample volume needed (large injection to off-set lack 

of analyte concentration), significantly less sample handling and 

processing 

▪ CONS: Minimal cleanup = possible matrix interference/poor 

chromatography possible; large injection = more instrument 

maintenance
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Direct Injection vs. Solid Phase Extraction

Solid Phase Extraction-EPA 1633A

▪ An extraction technique where the target analytes (and surrogates/EIS) are 

first separated from the native matrix using method-specific resin (solid-

phase), eluted with solvent, and (sometimes) concentrated.

▪ PROS: Allows for analyte concentration (signal enhancement) and 

can reduce/eliminate analytical interferences.

▪ CONS: Multiple handling and processing steps present a greater 

contamination risk and require more time, labor, and consumable 

materials.
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Solid Phase Extraction

N2 (in)

MeOH (out)

Image: Shimadzu, 2023
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TEST METHODS NON-POTABLE 

WATER & 

LEACHATE

SOIL & OTHER 

SOLIDS
BIOTA – PLANT & 

ANIMAL TISSUE

METHOD
EPA 8327/

ASTM D8421 & D8535

EPA 1633A/

DOD QSM B-24

MATRICES Non-potable water and solids
Non-potable water, landfill leachate,

solids, biota

COMPOUNDS 44 40

HOLDING TIMES,  D AYS 28
Water: 28/28 or 90/90 (frozen on receipt)

Solid: 90/28 or 90/90 (frozen on receipt)

EXTR AC TION Direct Injection Co-Solvation Solid Phase (SPE)

QUAN TIF IC ATION Isotope Dilution (ID) Isotope Dilution (ID)

NOTES
ASTM ILS completed for D8421; 

lower cost – faster TAT

Now a ‘final’ method; lower RLs for 

SDWA-regulated compounds
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Test Methods

NPW &

LEACHATE

Soil, landfills 

& other solids

Non-potable water & 

Leachate

METHOD
ASTM D8421/D8535 and 

EPA 8327 

MATRIX Non-potable water and solids

COMPOUNDS 44 (Pace)

HOLDING TIMES, 
DAYS

28

EXTRACTION Direct Injection (co-solvation, filter)

QUANTIFICATION Isotope Dilution* (Pace)

NOTES

ASTM D8421 completed an ILS; while 
published reporting limits are a little 

higher, lab working on reducing reporting 
limits

Advantages

• 5 mL sample size (AQ) *triplicate

• Faster TAT

• Lower cost

• Added to 40CFR Part 136 Method 

Update Rule 



pacelabs.com   13

ASTM D8421 Inter-Laborator y Study (ILS)

▪ Voluntary program – commercial, state, and EPA labs

▪ External standard quantitation

44 target compounds (DM1633 + 4)

24 surrogate compounds

▪ 11 different aqueous challenge matrices (see next slide)

20-800 ng/L spikes

▪ Resulted in 8 sets of data for evaluation



Source: EPA - Zintek, NEMC 2023



Source: EPA - Zintek, NEMC 2023

Pulp Paper Effluent

Recoveries 80-120%



Source: EPA - Zintek, NEMC 2023

Recovery 85-105%
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Surrogate Additions 

D8421 Extracted Internal Standards Update:

3:3 FTCA

5:3 FTCA

7:3 FTCA

PFPeS

PFHpS

PFNS

PFDS

PFDoS

PFMBA

*regulated in drinking water

Compounds in green, potential degradant 

of 5:3 FTCA
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ILS Update for Biosolids (liquid and cake)

▪ New ILS underway April 1, 2026

15 labs

▪ Goal of ILS is to use D8421 with the preparation step of D8535 (solids method) 

to analyze biosolids.

▪ Longterm goal: revise D8421 to include biosolids as a validated matrix.

▪ ASTM D8421 will already be promulgated in CWA (40CFR136), so adding a 

validated matrix will be administratively easier than adding a new promulgated 

method (e.g. D8535).

▪ Further opening the door for use of D8421 in compliance programs! 
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First Comparison: D8421 vs. 1633

▪ 25 NPW samples – prepared/analyzed by BOTH 
methods

Approx. 500 mL for DM1633, 5 mL for D8421

DM1633 LOQ = 1 ng/L (PFBA @ 4 ng/L)

D8421 LOQ = 10 ng/L (PFBA @ 50 ng/L)

▪ 84% of samples with detections (21 of 25)

Most common: PFBA, PFBS, PFHxA, PFHxS, PFOA, 
PFOS, PFNA

Range of concentrations detected: LOQ to ~1 ug/L (ppb)
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D8421 vs. 1633: Carboxylic Acids
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D8421 vs. 1633:Sulfonic Acids
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D8421 vs. 1633:Summar y

Compound
AVG EIS Recovery 

(DM1633)

AVG EIS Recovery 

(D8421)

AVG RPD

(between methods)

PFBA 82% 99% 18%

PFHxA 83% 108% 25%

PFOA 85% 106% 17%

PFNA 82% 104% 15%

PFBS 78% 107% 19% (excluding outliers)*

PFHxS 77% 105% 20%

PFOS 74% 104% 14%

*PFBS AVG RPD with outliers: 31%
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Sample ID

PFOA 

(1633)

PFOA 

(D8421)

PFOS 

(1633)

PFOS 

(D8421)

1 720 700 29000 29000

2 2.8 3.9 J 6.1 7.8 J

3 94 80 710 620

4 13 9.6 J 47 40

5 79 77 28 27

6 15 17 220 200

7 6.5 6 J 3.5 3.3 J

8 16 15 190 190

9 3.8 4 J 12 11

10 55 49 790 770

PFOA PFOS

R-Squared 0.9997 0.9999

AVG RPD 13% 8%

D8421 vs. 1633: CASE STUDY 2

• TEMP Wells

• Multiple depths

• Multiple locations throughout 

site
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Sample ID

PFBA 

(1633)

PFBA 

(D8421)

PFHxS

(1633)

PFHxS

(D8421)

PFOA 

(1633)

PFOA 

(D8421)

PFOS 

(1633)

PFOS 

(D8421)

PFNA

(1633)

PFNA 

(D8421)

1 130 110 5600 4500 280 260 8400 8900 58 47

2 9.5 19 13 10 36 24 20 16 9 6.1 J

3 8.4 19 210 140 16 12 720 490 7 4.9 J

4 8.3 21 190 140 17 13 670 550 7 4.8 J

5 21 28 55 42 80 67 250 220 5.5 4.7 J

6 660 520 4000 3000 2500 2000 18000 16000 3700 3400

7 6.7 16 23 16 4.8 4.5 J 6 4.8 J ND ND

PFBA PFHxS PFOA PFOS PFNA

R-Squared 0.9999 0.9985 0.9996 0.9929 0.9999

AVG RPD 55% 30% 21% 19% 26%

D8421 vs. 1633: CASE STUDY 3

• Multiple locations across 

large geographic area 

(1000s of acres)

• Monitoring Wells – GW
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Sample ID

PFBA 

(537MOD)

PFBA 

(D8421)

PFPeA

(537MOD)

PFPeA

(D8421)

PFHxA

(537MOD)

PFHxA

(D8421)

1 26 J 24 J 87 83 37 31

2 37 28 J 100 93 38 32

3 29 31 J 86 96 24 18

4 28 27 J 78 81 15 12

5 34 J 47 J 110 160 44 43

PFBA PFPeA PFHxA

AVG RPD 16% 13% 18%

D8421 vs. Legacy ‘537Mod’: LEACHATE

• Landfill Leachates from 5 

separate landfills

• Some EIS loss – all >50% REC

• Samples 1, 2, & 5 via 537MOD : 

reduced volume prep 
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Definitive or Screening?
Definitive Methods and Data Screening Methods and Data

DEFINITIVE METHOD

Test Method (ASTM): definitive procedure that 
produces test result and requires a precision and 
bias statement.

EPA 1633
ASTM D8421/D8535

Example: Recently, used in RCRA consent order 
for soil/groundwater investigation at PFAS 
manufacturing site

DEFINITIVE DATA (EPA: EPA-505-B-04-900B)

Data should be suitable for final decision-making 
(of the appropriate level of sensitivity, precision 
and accuracy, as well as legally defensible). 

SCREENING METHOD

No universally-agreed definition.

EPA 1621 Screening Method for the 
Determination of Adsorbable Organic Fluorine 
(AOF) in Aqueous Matrices by Combustion Ion 
Chromatography (CIC)

• “Estimates the concentration of AOF”
• ”…numerical results generated not expected to 

be as accurate or precise as those from targeted 
methods for PFAS.”

SCREENING DATA (EPA: EPA-505-B-04-900B)

Data that can support an intermediate or 
preliminary decision but should eventually be 
supported by definitive data before a project is 
complete. 
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WHEN CAN I  USE THESE METHODS?

Permit 

Compliance?

Screening Level DQO? 

Collaborative sampling 

strategy??

Data Submitted 

to State? If so, 

state guidance 

or certification  

requirement?

Drinking Water 

Compliance?

High solids?

Rapid TAT 

CRITICAL?
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Cer tif ication Landscape

DoD ELAP Certification

▪ DoD offers certification for ASTM D8421.

▪ Does not unilaterally mean that the DoD will allow the method to 

support definitive data quality objectives.

State Certification: Programs in Transition

▪ Only 26 states certify for any PFAS method in NPW/solids

Close to a dozen of those currently offer certification for ASTM D8421 or 8327.

▪ Regarding the other 24 states

They do not certify for any PFAS method in NPW/solids.
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Take Aways

▪ ASTM D8421/8327 is a powerful tool

▪ In many instances, they can be used for 

definitive purposes (this will continue to 

evolve)

▪ These methods can result in faster TAT and 

lower cost

▪ Promulgation in CWA expands use options!



Additional Resources

• PFAS.com 

• PACELABS.COM | Search: PFAS

Contact information:

Lindsay L. Boone

PFAS Program Manager

910-262-5098



What method uses SPE (Solid Phase Extraction)?

A. EPA 1633

B. ASTM D8421



Which method is considered a 

screening method?

A. EPA 1633

B. ASTM D8421

C. EPA 1621



Which method uses isotope dilution?

A. EPA 1633

B. ASTM D8421

C. All of the above


