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Determination of Selected ASTM
Perfluorinated Compounds (PFCs) Using
the Shimadzu LCMS-8060

■ Summary
ASTM methods D7968-14 and D7979-15 are used to
determine the same list of PFCs but in different
matrices. ASTM method D7968-14 lists soil as a
matrix while ASTM method 7979-15 lists water,
sludge, influent, effluent and waste water as matrix
options. These methods use different extraction
techniques but both evaluate the samples by liquid
chromatography/tandem mass spectrometry
(LC/MS/MS). We evaluated the instrumental portion
of the methods using the Shimadzu LCMS-8060
triple quadrupole mass spectrometer. Calibration
ranges and estimated detection limits were well
within method specified values.
■ Background
There has been an increasing awareness of PFCs in
soil, sludge and ground water. The need for a quick,
easy and robust method to determine these
compounds has become apparent.
The LCMS-8060 is used to identify analytes based on
their mass, fragmentation, and retention time.
Surrogates are present to monitor performance and
recovery. The ASTM methods include both
perfluorinated and fluorotelomer acids but this study
tested the perfluorinated alkyl acids only.

■ Method
In this study, the performance of Shimadzu’s most
sensitive LC-MS/MS, the LCMS-8060, was evaluated.
Since extraction efficiency varies by laboratory, and
by analyst, only the instrumental portion of the
method was evaluated. In this study, direct injection
of fortified reagent water samples diluted with
methanol was performed.
Using heated ESI in negative mode, MRM transitions
were adjusted using Flow Injection Analysis (FIA) to
optimize sensitivity for the PFCs and the surrogate
analytes that are listed in Table 1.
Following MRM optimization, chromatography was
adjusted for resolution and peak shape by optimizing
instrumentation parameters. Near-baseline resolution
was accomplished in a 20-minute LC method by
using a Phenomenex Kinetex Phenyl-Hexyl 2.6µm
analytical column coupled with a Shim-pack GIST
C18 3µm isolator column, as seen in the
chromatogram in Figure 1.
Samples were prepared by performing a 70:30
dilution of the water sample using MeOH. The
calibration standards were injected at a volume of
30 µL.
A Shimadzu Nexera UHPLC system was used;
operating pressures were about 7000 psi.
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Figure 1: A representative chromatogram of the highest calibration point (500 ng/L) showing PFC separation.
Table 1: Compound list showing abbreviations, transitions and retention times.

Compound Name
Perfluorobutanoate
13
C4-Perfluorobutanoate
Perfluoropentanoate
Perfluorohexanoate
13
C2-Perfluorohexanoate
Perfluorobutylsulfonate
Perfluoroheptanoate
Perfluorooctanoate
13
C4-Perfluorooctanoate
Perfluorohexylsulfonate
O2-Perfluorohexylsulfonate
Perfluorononanoate
13
C-Perfluorononanoate
Perfluorodecanoate
13
C2-Perfluorodecanoate
Perfluorooctylsulfonate
13
C4-Perfluorooctylsulfonate
Perfluoroundecanoate
13
C2-Perfluoroundecanoate
Perfluorododecanoic
13
C2-Perfluorodecanoate
Perfluorotridecanoate
Perfluorotetradecanoate

Abbreviation
PFBA
MPFBA
PFPeA
PFHxA
MPFHxA
PFBS
PFHpA
PFOA
MPFOA
PFHxS
MPFHxS
PFNA
MPFNA
PFDA
MPFDA
PFOS
MPFOS
PFUnA
MPFUnA
PFDoA
MPFDoA
PFTriA
PFTreA

MRM Transition
212.90>169.00
217.00>172.10
263.00>219.00
312.90>269.00
315.00>270.00
298.90>80.10
362.90>319.00
412.90>369.00
417.00>372.00
398.90>80.10
402.90>84.10
462.90>418.90
467.90>423.00
512.90>468.90
514.90>470.00
498.90>80.10
502.90>80.10
562.90>519.00
564.90>519.90
612.90>568.90
614.90>569.90
662.90>618.90
712.90>668.90

RT
3.893
3.894
5.039
5.698
5.699
5.800
6.205
6.805
6.806
7.146
7.147
7.524
7.525
8.336
8.337
8.867
8.868
9.216
9.217
10.109
10.110
11.020
11.925
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■ Results and Discussion:
A series of four initial calibration standards across the
range of 0.5 to 500 ng/L (parts per trillion, ppt) were
prepared. The surrogates were spiked at the same
level throughout the curve.

Figure 2: Calibration curves for analytes in the LCMS-8060 method.

Calibration curves were evaluated using linear
regression. Figure 2 shows the calibration curves for
the analytes evaluated in this study; corresponding r2
values are listed.
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Figure 3 shows the chromatogram of a blank water
sample evaluated for PFOA and a blank water
sample that was spiked with 20 ppt PFOA. The blank
sample shows no reportable contamination from the
system or method.

The use of an isolator column is important in this
method due to potential contamination from
ubiquitous plasticizers. The isolator column retards
the retention time of PFOA in the mobile phase, and
thus eliminates the interference.

Figure 3: (A) Representative blank chromatogram for PFOA (B) Representative chromatogram of PFOA at 20 ppt.

■ Summary and Conclusions
The Shimadzu LCMS-8060 demonstrates excellent
sensitivity for compounds listed in ASTM methods
7968 and 7979. Because of the high sensitivity
performance of the LCMS-8060, it is suitable for the
analysis of trace levels of PFCs.
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