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PFAS & Leachate

Per- and Polyfluoroalkyl Substances (PFAS)
are used to make household products.
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PFAS & Leachate

Per- and Polyfluoroalkyl Substances (PFAS)
are used to make household products that

are discarded.
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Leachate Source
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EPA 1633A Sample Prep -

50 uL Extracted T
Internal Standard

(EIS) Add 50 uL Non-Extracted

Carbon Internal Standard
>

D DD D XD

100 mL

Leachate
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Instrument Parameters

.. : Nexcol PFAS Delay Column (50
Nebul 3.0L Delay Col
ebulizing gas /min elay Column S, B ol
. . . Shim-pack Scepter C18-120
Heating gas 15.0 L/min Analytical Column Column (50 X 2.1 mm, 3 um)
Drying gas 5.0 L/min Flow rate 0.4 mL/min
Interface Temperature 250° C Mobile phase A 2mM Ammonium Acetate in
Water
DL Temperature 200° C Mobile phase B Acetonitrile
Heat Block Temperature 300° C Column oven temperature 40° C
Diluent Methanol with 4% water, 1% ammonium hydroxide and 0.625% acetic acid
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Gradient -

PFAS- EPA 1633A

(x1,000)
LC Gradient 7,000
Time (min) %B
0 2 5,000 -
0.20 20 ;
9.00 98 |
10.00 98 ;
1,000 -
10.01 2 0 ;
14-00 Stop i‘\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\‘\\\\
0.0 10 3.0 5.0 7.0 9.0 11.0 13.0  min
@ SHIMADZU Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Leachate by EPA Method 1633A Using LC-MS/MS; 8

NEMC 2025



Injection Sequence

Cal Curve,
n=3
33 Injections

l

ccv1
Inj 34

|

Control
Injections
5 Injections

l

ccv2
Inj 40

Control
Injections
5 Injections

l

ccv3
Inj 46

|

Control
Injections
5 Injections

l

ccv4
Inj 52

154 Injections

Unspiked
Leachate
6 Injections

l

CCV5
Inj 59

l

Spike
Leachate
(low)

6 Injections

l

ccve
Inj 66

Spike
Leachate
(mid)

6 Injections

l

ccv7
Inj 73

l

Cal Curve,
n=2

20 Injections

l

ccvs
Inj 94

Leachate
14 Injections

l

CcCcV9
Inj 109

l

Leachate
14 Injections

l

cCcVv 10
Inj 124

Leachate
14 Injections

l

ccv 11
Inj 139

l

Leachate
14 Injections

l

ccv 12
Inj 154
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Injection Sequence

Cal Curve,
n=3
33 Injections

ccv1
Inj 34

|

Control
Injections
5 Injections

l

ccv2
Inj 40

Control
Injections
5 Injections

l

ccv3
Inj 46

|

Control
Injections
5 Injections

l

ccv4
Inj 52

Calibration Curve

* Based on EPA 1633A ranges
* Repeated 3X included blanks

Continuous Calibration Verification (CCV)

 Equivalent to Cal 4

Extracted Lab Controls

* Repeated 3x

* Consisted of
e Method Blank
e 2 LLC (Spiked 2x Cal 1)
« 2 MLC (Spiked Cal 4)
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Injection Sequence

Unspiked
Leachate
6 Injections

l

CCV5
Inj 59

l

Spike
Leachate
(low)

6 Injections

l

ccve
Inj 66

Spike
Leachate
(mid)

6 Injections

l

ccv7
Inj 73

l

Cal Curve,
n=2
20 Injections

l

ccvs
Inj 94

Leachate
e Consisted of
 Unspiked

* Spiked Low (Spiked 2x Cal 1)
* Spiked Mid (Spiked Cal 4)
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Injection Sequence

Leachate
14 Injections

l

CcCcV9
Inj 109

l

Leachate
14 Injections

l

cCcVv 10
Inj 124

Leachate
14 Injections

l

ccv 11
Inj 139

l

Leachate
14 Injections

l

ccv 12
Inj 154
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Reproducibility-PFBA

CCV1 CCV 2 CCV3 CCV4

— CCV1, 3.6x10°
(x1,000) (x1,000) {x1,000) {x1,000)
CCV2,3.7x108 1,500 1,500 1,500 1,500
CCV3,3.7x 10° 5001 R 500 i R >00 i A 5001 A
0 0 0 5 (b
20 24 min 20 24 min 20 24 min 20 24 min
CCVv4,3.7x10° |nj'#34 |nj.#40 Inj. # 46 Inj. # 52
N
O CCVS5, 3.87 x 108
v CCV5 CCV 6 CCV7 CCvs
()]
6
g:-) < CCV6,3.9x10 (x1,000) (x1,000) (x1,000) (x1,000)
> . 1,500 1,500 1,500 1,500
O CCV7,4.0x10
o 500 i A 500 i R 5001 A 500 i A
CCV8, 4.2 x... 0t [ N 0 = 0
2.0 2.4 min 2.0 2.4 min 2.0 24 min 2.0 2.4 min
CCV9, 3.9x 108 In]-#sg Inj.#66 In].#73 Inj.#94
CCV10, 4.2 x 108 CCV9 CCV10 CCV 11 CCV 12
CCVA1. 3.9 x 10° {x1,000) {x1,000) (x1,000) (x1,000)
: 1,500 1,500 1,500 1,500
N CCV12,4.0x 108 5001 k 500 i IL 5001 h 500 i h
0 0 o) NS N— 0
1.500 2.500 3.500 4.500 5.500 20 24 min 20 24 min 20 24 min 20 24 min /
’ ’ ’ ’ ’ Inj. # 109 Inj. # 124 Inj. # 139 Inj. #154
(x1,000) J J
Peak Area !
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CCV Accuracy
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Native Compounds

Acceptable Accuracy Range EPA 1633A

{Hm

CCV RSD <15% for all native compounds
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EPA 1633A Acceptable Limits

o United States
" Environmental Protection
\’ Agency

Office of Water

WWW.epa.gov December 2024

Method 1633, Revision A

Analysis of Per- and Polyfluoroalkyl Substances
(PFAS) in Aqueous, Solid, Biosolids, and Tissue
Samples by LC-MS/MS

Table 5. IPR/OPR/LLOPR Acceptance Limits for Target Analytes in Aqueous Matrices’
IPR

Target Analyte Mean Recovery (%) | RSD (%) OPR/LLOPR Recovery (%)

PFBA 70 - 135 21 70 - 140

PFPeA 70 -135 23 65-135

PFH=xA 70 -135 24 T0-145

PFHpA 70 - 135 28 70 -150

PFOA 65 - 155

FFNA 70 - 140 Table 6. Acceptance Limits for EIS and NIS Compounds in All

PFDA 65 - 140 Aqueous Matrices and Associated QC Samples

FFUnA 70-135 Aqueous Matrices

PFDoA 70-130 Other Than Leachates? | Landfill Leachates’

PFTrDA 60 - 145 EIS Compound! Recovery (%) Recovery (%) |
LC,-PFBA 54-130 5*-130
L3C.-PFPeA 40 - 130 40-130
BC.-PFHxA 40 - 130 40-130
*C,-PFHpA 40 - 130 40-130
BCe-PFOA 40 - 130 40-130
LBC-PFNA 40 - 130 40-130
LBCs-PFDA 40 - 130 40-130
LBC-PFUnA 30-130 40-130
LC.-PFDoA 10 - 130 35-130
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Extracted Lab Controls Native Recovery

Native Compounds
Acceptable Recovery Range EPA 1633A

200

160

(%) Adeandoy adesany DN

VvS334d
SPNOE4d-PTT
SNO€4d-106
VHa4N
VdIN4d
VdN4d
vNOav
Vva-0d4H
3S044N
3SO42AIN
VVSO433N
YVSO43AIN
VSO433IN
VSO42AIN
VSO4d
VOl4 €4
V214 €5
VOl €€
S147-8
S147-9

N Eka
S0Q4d
Sa4d

SN4d

S04d
SdH4d
SXH4id
S9d4d
Sg4d
vaal14d
vaildd
v0aQ4d
vun4dd
va4d
VN4d
VvO4d
VvdH4d
VXH4d
Vad4d
vddd
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Extracted Lab Controls EIS Recovery

Extracted IS Compounds

Acceptable Recovery Range EPA 1633A

" VA-Od4H-€J€T

- 350413IN-6Q
- 3SO43ININ-La
H VVSO42INN-€Q
A VYvSO413IN-Sd
H VSO42AIN-£Q
H vs0413-sa
= VSO04d-8J€T
S14T :8-20€T
H S142:9-270€T
o S14 T:v-2D€T
H SO4d-80€T
H SXH4d-€J€T
= S94d-€J€T
= vaa14d-20€T
= voad4d-2I<T
i vundd-£LJ€T
H vQi4d-90€T
i VN4d-6J€T
i VO4d-8J€T
H VdHid-vOET
H VXHd4d-SD€T
H V3did-SIET
H vaid-#IET

200

o o o o
o~ 0 <
i

(%) A1ano23y a8esany S13 1N
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Leachate EIS Recovery

Leachate

Extracted IS Compounds

Acceptable Recovery Range EPA 1633A

200

(%

I
-
-
,
,
-
.
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Z § @

) A1anod3y adelany 13

VQ-Odd4H-£J€T
350413IN-6Q
3SO43ININ-La
VVSO42INN-€Q

VYvSO413IN-Sd

VSO42AIN-£Q

vs0413-sa
VSO04d-8J€T

S14T :8-20€T

S142:9-270€T

S14 T:v-2D€T

SO4d-80€T

SXH4d-€J€T

S94d-€J€T

vaa14d-20€T

voad4d-2I<T
vundd-£LJ€T
vQi4d-90€T

VN4d-6J€T
VO4d-8J€T
VdHid-vOET

VXHd4d-SD€T
V3did-SIET
vaid-#IET
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Leachate EIS Recovery

Extracted IS Compounds

Acceptable Recovery Range EPA 1633A

] VA-Od4H-ED€T
57| 3s0413N-6a
5| 3SO43NN-La

" VVSO43NN-€Q
" VVSO413N-Sa
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4| vso13-sa
W VSO4d-8€T
S147 :8-2I€T
S14Z:9-ZD€T
= S14 Z:b-2I€T
F SO4d-80€T
" SXH4d-€JET
= S84d-€J€T
( w5 Va?L4d-ZIET |
w=| Y0Qdd-zo€T

e VUN4d-LOET
" vad4d-9€T
! VN4d-6J€T

a1

. VO4d-8J€T
" VdHid-vOET
H VXHd4d-SD€T
" V3did-SIET

W | vadd-vOE€T

200

o o o o o
(] N 0 <
i i

(%) A1anod9y a8esany 13

20

NEMC 2025

Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Leachate by EPA Method 1633A Using LC-MS/MS;

() SHIMADZU



Complex Matrix Challenges -

Extraction P Instrument
Process Efficiency Matrix Tolerance

18

DOHDDD E»

< TII

100 mL

Leachate
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Complex Matrix Challenges

Extraction
Process Efficiency

BD>DDD

Matrix Effects

e Co-extraction of interfering compounds
e Sorbent overload or breakthrough

* Incomplete washing
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Complex Matrix Challenges

Instrument
Matrix
Tolerance

Matrix Effects
* Matrix (lonization) Robustness/Resilience
* Matrix Compatibility
* Source saturation
* lon suppression/enhancement
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Post-Extraction Dilution Process

* Instrument

Matrix Tolerance

)

Dilute
Filtrate

Instrument Matrix Tolerance: Evaluated by dilution of post-extraction filtrate.
 2x & 5x dilution
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C VQ-Od4H-€J€T
w57 3S0433IN-60
w5 ISO42NIN-Za

" VVSO43NIN-€a
M VVSO41IN-Sa
| VSO43INN-€a
| VSO413-sa
bt VSO4d-8J€T

— S14¢ :8-270€T

- S147:9-270€T
" S1d T:v-20€T
M SO4d-8J€T
M SXHd4d-€J€T
- S94d-€J€T

57| VQ914d-ZIET |
w= | Voadd-ZO€T

e VUN4d-LIET

vaid-90€T

. VNi4d-6J€T

. VO4d-8J€T

" VdHid-¥I€T

" VXH4d-SJET

M Vadd4d-SJET
vadd-vIET

Extracted IS Compounds
Acceptable Recovery Range EPA 1633A
4

o o o o o
(e (o] 0 <
i i

(%) Alanodoy 28esany S13

200

Leachate EIS Recovery
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Post-Extraction Dilution EIS Impact

140
120

Y
(=
o

80
60
40
20

EIS Average Recovery %

o

Acceptable Recovery Range EPA 1633A

13C5-PFPeA_EIS

Perfluroalkyl
Carboxylic Acid

13C8-PFOSA_EIS D7-NMeFOSE_EIS

Perfluroctane Perfluroctane
Sulfonamide ethanols Sulfonamide

Undiluted
M Leachate

Post-Extraction
B Dilution 2X B Dilution 5X

Instrument Matrix
Tolerance is not the

issue.
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Post-Extraction Dilution EIS Impact

140
120

Y
(=
o

80
60
40
20

EIS Average Recovery %

o

Acceptable Recovery Range EPA 1633A

13C5-PFPeA_EIS

Perfluroalkyl
Carboxylic Acid

* |nstrument Matrix

. . . Tolerance is not the

13C8-PFOSA _EIS D7-NMeFOSE_EIS
Perfluroctane Perfluroctane
Sulfonamide ethanols Sulfonamide

Undiluted
M Leachate

Post-Extraction
B Dilution 2X B Dilution 5X
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Area EIS vs NIS /

(x1,000)
300
AE IS
250 = Recovery
AN IS
200
®
L 150
<
100
50
0
CCV Average MLC Average Unspiked Leachate Average
(unextracted) (extracted) (extracted)
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Area EIS vs NIS /

(x1,000)
300
250 * EIS extraction
200 efficiency < 100%
for Lab Control
®
@ 150
<
100
50
0
CCV Average MLC Average Unspiked Leachate Average
(unextracted) (extracted) (extracted)
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Area EIS vs NIS /

(x1,000)
300
250 * EIS extraction
500 efficiency < 100%
for Lab Control
E 150
< * EIS extraction
100 efficiency is
reduced furtherin
50 leachate
0 * NISis stable
CCV Average MLC Average Unspiked Leachate Average
(unextracted) (extracted) (extracted)
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Area EIS & NIS Ratio /

00

3 0.70
250 060 Agis
= Recovery
0.50 Anis
200
0.40
® 150 5
0.30 o
100 g
020 §
>0 0.10
0 0.00
CCV Average MLC Average Unspiked Leachate
Average
(unextracted) (extracted) (extracted)
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Area of Extracted Internal Standards

(x1,000)
3,000

2,500 -

2,000 -

800 |

Average Area EIS

Sample Complexity
increases: Extraction
Efficiency decreases

600

400

200 -

0o
13C5-PFPeA_EIS 13C8-PFOSA_EIS D7-NMeFOSE_EIS
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Pre-Extraction Dilution Process /

* Extraction Instrument
Process Efficiency : Matrix Tolerance

Dilution = + EIS
TR

- =

m— m
BDDDD

Extraction Process Efficiency: Evaluated by dilution of leachate pre-extraction.
* 2x & 5x dilution

<IIII|IIII|
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Pre-Extraction Dilutions EIS Impact

Acceptable Recovery Range EPA 1633A

140
120
* Extraction Instrument
Process Efficiency Matrix Tolerance
100

> @f?.? 9§ = -

60 PDDDD

40
e Extraction efficiency is an
[ ] issue.

. B
0

13C5-PFPeA_EIS 13C8-PFOSA_EIS D7-NMeFOSE_EIS

EIS Average Recovery %

Perfluroalkyl — Perfluroctane Perfluroctane
Carboxylic Acid Sulfonamide ethanols Sulfonamide
Undiluted Pre-Extraction
M Leachate Dilution 2X M Dilution 5X

Analysis of Per- and Polyfluoroalkyl Substances (PFAS) in Leachate by EPA Method 1633A Using LC-MS/MS;

() SHIMADZU
NEMC 2025
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Dilutions Comparison: EIS Impact

140
120
100
80
60
40

. Hni
0

EIS Average Recovery %

13C5-PFPeA_EIS

Perfluroalkyl
Carboxylic Acid

Acceptable Recovery Range EPA 1633A

Post-Sample Prep Extraction

Evaluates Instrument
Matrix Tolerance
not the issue

Pre-Sample Prep Extraction

13C8-PFOSA_EIS D7-NMeFOSE_EIS *
Perfluroctane Perfluroctane
Sulfonamide ethanols Sulfonamide

Evaluates the Efficiency
of the Extraction
Process

IS @ concern

Undiluted
M Leachate

Post-Extraction

B Dilution 2X B Dilution 5X Dilution 2X B Dilution 5X

Pre-Extraction
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Effects of Dilution on Quantitation of Native PFAS
in Leachate Sample

200

150

100
30

Concentration (ng/mL)

15

Undiluted Pre-Extraction
W Leachate M Dilution 5X

<9

F © v
L
X

F P F T P F T ST
< LI & & &
A7 &

o K
¢ <
é‘“’
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Conclusions

Extracted IS Compounds
200 Acceptable Recovery Range EPA 1633A
g 200
E 160 Undiluted Pre-Extraction
3 = M Leachate M Dilution 5X
& 120 — ™ ]f"—'—'\ — -g.
g ! g€
© ]
2 80 (=]
= —
b o
o . 1 5 =
40 x H ]
IF ; S
0 " [ % | o I I o
| < < o o " W
HEHEH{ERH R EE EEE
e =l 3lglelE e Elgt g s sl g g Qs 58
R R E R R R E R EE R ER R E F & & P TS TITIT T FTE L
I L - oAom - 2= 3l alv 2l o 2
W L O L ) LGl R, FSELELIITTITTE e
G° A7 & &
& &

® Crucial to isolate the reason for bad recovery to ensure accurate results.
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Conclusions
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® Crucial to isolate the reason for bad recovery to ensure accurate results.
® |nstrument Matrix Tolerance: not an issue.
® Extraction Process Efficiency: decreases with increased sample matrix complexity
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THANK YOU!
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