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ABSTRACT
Per- and polyfluoroalkyl substances (PFAS) are used in industrial and consumer products, such as
pesticides, textiles, and food packaging. Although PFAS are widely employed, knowledge about
their occurrence in ambient particulate matter (PM) and the associated health risks of these persis-
tent organic pollutants remains limited. This study aimed to develop a sensitive, accurate, and sim-
plemethod for analyzing 24 PFAS in total suspended particulatematter (TSP) by ultra-performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The target compounds com-
prised sevenperfluoroalkane sulfonic acids, 11 perfluoroalkyl carboxylic acids, and six perfluoroalkyl
acid precursors. Various instrumental parameters, including declustering potential and collision
energy, were optimized. The ultrasound-assisted extraction conditions for PFAS associated with
PM were optimized by varying the methanol (MeOH) volume, extraction time, and temperature.
The optimal conditions for extraction were 4 mL of MeOH at 40 ◦C for 10 minutes, repeated three
times. The method validation results demonstrated sub-ng/L limits of quantification (LOQs), rang-
ing from 0.01 to 0.14 ng/mL, with high recoveries (95.5%–114.40%) and high repeatability (%RSD
values of 0.1%–12.6%). The analytical procedure was subsequently applied to assess the level of
PFAS contamination in TSP samples from Ho Chi Minh City, Vietnam. Twenty-two of the 24 tar-
geted PFAS were detected, with individual compound concentrations ranging from 0.3 to 1894.5
pg/m3 . Twelve PFAS (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFHxS, PFHpS, PFOS, PFUnA, PFDoA, 6:2
FTS, and PFTeA) were found in all samples, highlighting their ubiquitous presence in PM.
Keywords: Per- and poly-fluoroalkyl substances, UPLC-MS/MS, total suspended particulatematter

INTRODUCTION
Per- and polyfluoroalkyl substances (PFAS), referred
to as “forever chemicals,” are a group of contaminants
of emerging concern1. PFAS are widely used in con-
sumer products and industrial processes because of
their water and oil repellence2–4. Hence, PFAS are
found in a wide range of products, such as non-stick
cookware, water-repellent clothing, and fire-fighting
foams. The exceptionally strong carbon-fluorine
bonds, with bond energies around 466 kJ/mol, are re-
sponsible for the remarkable chemical and thermal
stability of these compounds5. Thus, PFAS remain
in the environment for a long time, raising concerns
about their health impacts. Unlike other persistent
organic pollutants (POPs) that tend to accumulate in
fatty tissues, PFAS are unique because of their ionic
and polar properties, allowing them to bind to blood
proteins like serum albumin and accumulate in or-
gans such as the liver and gall bladder 6. Exposure

to PFAS is linked to various health problems in hu-
mans, such as a weakened immune system, thyroid
disease, hormone disruption, lowered fertility, and
even kidney and testicular cancer7. Therefore, de-
veloped nations, including Europe, the United States,
Australia, and Japan, have established limits on the
concentration of some PFAS belonging to the perfluo-
roalkane sulfonic acid (PFSA) and perfluoroalkyl car-
boxylic acid (PFCA) groups in soil and drinking wa-
ter. However, there are currently no specific regula-
tions for PFAS concentrations in atmospheric partic-
ulate matter (PM) 8.
PM is a mixture of solid and liquid particles of
varying sizes, suspended in the atmosphere. Be-
cause of its small size, PM can remain in the atmo-
sphere from several hours to days, acting as a car-
rier for PFAS, allowing these substances to travel long
distances and contaminate remote areas 9,10. This
situation is concerning because PFAS may be de-
posited in soil and water far from their sources.

Cite  this  article  :  Tran  H  M,  Tran  T  Y  N,  Do  T  T  Q,  Phan  T  T  T,  Nguyen  T  T,  Ta  N  H  D,  Le  T  B  Q,  Cao  H  P  D,  Nguyen
D  K,  Nguyen  L  S  P,  Tran  A  N,  To  T  H.  Development  a  method  to  determine  Per-  and  Polyfluoroalkyl
substances  (PFAS)  in  total  suspended  particulate  matter  (TSP)  by  UPLC-MS/MS.  Sci.  Tech.  Dev.  J.  2025;
28(3):3809-3816.

                3809

https://crossmark.crossref.org/dialog/?doi=10.32508/stdj.v28i3.4457&domain=pdf&date_stamp=2025-09-18


Science & Technology Development Journal 2025, 28(3):3809-3816

PFCA group, and six PFAS precursors. PFAS stan-
dardswere obtained fromAccuStandard (NewHaven,
CT, USA). Internal standards, namely perfluoro-n-
[1,2,3,4-13C4] octanoic acid (13C4-PFOA, 50 ± 2.5
µg/mL) and sodium perfluoro-1-[1,2,3,4-13C4] oc-
tanesulfonate (13C4-PFOS, 50 ± 2.5 µg/mL), were
purchased from Wellington Laboratories (Canada).
HPLC-grade ammonium acetate (CH3COONH4),
MeOH, and acetonitrile (ACN) were purchased from
Merck (Germany). Solid-phase extraction was per-
formed using Supelclean ENVI-Carb SPE cartridges
(Supelco, USA).

Method validation

Optimizingmassspectrometryoperatingpa-
rameters
Manual optimization was performed by injecting 100
µg/L of each PFAS standard solution directly into the
mass spectrometer at a 10 µL/minflow rate in the neg-
ative electrospray ionization (ESI) mode. Entrance
potential (EP) and collision cell exit potential (CXP)
values did not affect the signals and were set at −10
V3. The optimal DP and CE values yielding the high-
est sensitivity were determined for each analyte.

Optimizingultrasonic extractionparameters
To prepare the PFAS-containing samples, 300 µL of
a mixed standard solution (20 ng/mL) was spiked
onto a 30 cm2 pre-baked (400 ◦C for 8 hours) quartz
filter. The spiked filter was then placed into a 50
mL polypropylene centrifuge tube and left to dry for
10 minutes before ultrasonic extraction. The ultra-
sonic extraction processwas optimized based on three
parameters through separate experiments: (1) sol-
vent volume, (2) extraction time, and (3) extraction
temperature. The extraction procedure was repeated
three times. Subsequently, the extract was purified us-
ing a Supelclean ENVI-Carb SPE cartridge. The elu-
ate was evaporated under a nitrogen stream and ana-
lyzed by UPLC-MS/MS to determine the recovery ef-
ficiency (H%) 8. which was calculated using Equation
(*).

H% =
Canalysis
Cspike

× 100 (∗)
where H% stands for recovery efficiency (%), C_spike
represents the standard spike concentration (ng/mL),
and C_analysisis the analyte concentration in the
spiked blank sample.
(1) Optimization of the solvent volume: MeOH is
toxic19; thus, its use should be carefullymanaged dur-
ing the extraction of PFAS from TSP samples. Here,
fourMeOH volumes were tested to determine the op-
timal solvent volume: 3 mL (A1), 4 mL (A2), 5 mL

PFAS  have  been  found  in  PM  not  only  in  air-
polluted  areas  like  wastewater  treatment  plants,  land-
fills,  and  fluorinated  chemical  industrial  sites  but  also
in  the  ocean  and  agricultural  areas11.  Enrichment
techniques  combined  with  ultra-performance  liquid
chromatography-tandem  mass  spectrometry  (UPLC-
MS/MS)  are  preferred  for  quantifying  PFAS  in  PM
because  of  their  exceptional  selectivity  and  sensitiv-
ity  12.  One  of  the  earliest  methods  for  extracting  PFAS
from  the  PM  matrix  for  targeted  analysis  involved
ultrasonic  extraction  from  glass  fiber  filters,  using
methanol  (MeOH)1,6,11,13.  Solid-phase  extraction
(SPE)  is  a  commonly  used  method  to  clean  the  extrac-
tion  solution,  offering  advantages  such  as  high  enrich-
ment  efficiency,  low  solvent  consumption,  and  easier
automation  compared  to  traditional  liquid-liquid  ex-
traction  12.  The  Supelclean  ENVI-Carb  SPE  method
has  been  used  in  previous  studies  for  the  analysis  of
PFAS  in  PM  samples14,15.
PFAS  have  been  detected  in  the  blood  of  women  in
Hanoi  at  levels  comparable  to  those  observed  in  Os-
aka,  Seoul,  and  Busan16.  Nonetheless,  in  Vietnam,
regulatory  limits  for  PFAS  have  not  been  established,
and  there  is  limited  awareness  of  the  risk  they  rep-
resent.  Most  research  has  focused  on  PFAS  in  water
and  marine  life,  while  some  studies  have  reported  the
presence  of  PFAS  in  sediments  and  breast  milk  17.  Al-
though  analytical  methods  have  been  developed  for
detecting  PFAS  in  water3,  no  studies  have  focused
on  analytical  techniques  for  identifying  PFAS  in  PM.
The  detection  of  multiple  PFAS  in  PM  around  the
world  suggests  a  potential  route  of  inhalation  expo-
sure  for  humans.  This  is  particularly  concerning  given
the  persistence  and  bioaccumulative  nature  of  many
PFAS18.
Therefore,  this  study  aimed  to  develop  and  optimize
a  method  for  determining  PFAS  total  suspended  par-
ticulate  matter  (TSP),  using  UPLC-MS/MS.  Various
instrumental  parameters,  including  the  declustering
potential  (DP)  and  collision  energy  (CE),  were  opti-
mized.  Additionally,  ultrasound-assisted  extraction
conditions  for  TSP-bound  PFAS  were  refined  by  vary-
ing  the  MeOH  volume,  extraction  time,  and  temper-
ature.  As  a  result,  we  present  the  first  PFAS  analytical
procedure  for  PM  in  Vietnam.  The  optimized  method
can  be  applied  to  analyze  PFAS  in  PM  samples  from
other  regions,  providing  valuable  data  to  enhance  our
global  understanding  of  PFAS  distribution.

MATERIAL  AND  METHOD
Chemicals
Table  1  lists  the  analytes  quantified  in  this  study,  com-
prising  seven  PFAS  from  the  PFSA  group,  11  from  the
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(A3), and 6 mL (A4). Each condition was evaluated
based on recovery efficiency.
(2) Optimization of the extraction time: The duration
of ultrasonication influences the extraction efficiency,
typically reaching a maximum at equilibrium20. Be-
yond this point, prolonged extraction may offer di-
minishing returns and could lead to the degradation
of sensitive analytes. Three durations were tested to
identify the optimal extraction time: 10minutes (B1),
20 minutes (B2), and 30 minutes (B3), using the pre-
viously optimizedMeOHvolume andMS/MS param-
eters.
(3) Optimization of the extraction temperature: Tem-
perature plays a critical role in reducing solvent vis-
cosity, enhancing analyte solubility, and improving
extraction efficiency. However, excessive heat may
cause analyte degradation21. Here, three tempera-
tures were evaluated: 30 ◦C (C1), 40 ◦C (C2), and 50
◦C (C3), using the optimized MeOH volume and ex-
traction time determined in the previous steps.

LODs and LOQs
The limits of detection (LODs) and limits of quantita-
tion (LOQs) were determined using the optimized ul-
trasonic extraction procedure on a blank quartz filter
spiked with a low concentration (0.2 ng/mL) of PFAS
standards. The extract was purified using a Supelclean
ENVI-Carb SPE cartridge, evaporated under a nitro-
gen stream, reconstituted in 990 µL of MeOH:H2O
(4:1, v/v), and spiked with 10 µL of internal standards
(ISs). The final solution was filtered and analyzed
by UPLC-MS/MS. The experiment was performed in
seven replicates to ensure statistical reliability.

Instrument analysis
All measurements were performed using UPLC-
MS/MS (ExionLCAC series, Triple Quad 3500, Sciex,
USA). Separations were performed on a Kinetex C18
column (100 mm × 2.1 mm, 1.7 µm). The mo-
bile phase gradient started with 10:90 of 20 mmol/L
CH3COONH4 aqueous solution: acetonitrile (v/v)
for 0.5 min, then increased to 95% in 10 min, held
for 3 min, and finally returned to the initial composi-
tion. The injection volume, column temperature, and
flow rate were 10 µL, 45 ◦C, and 0.2 mL/min, respec-
tively3.

Sample collection
The developed method was used to analyze 24 PFAS
in TSP samples collected in Ho Chi Minh City, Viet-
nam. The sampling site was located on the rooftop of
the 6th floor of the G Block at the University of Sci-
ence’s Linh Trung Campus. The surrounding area is

influenced  by  various  anthropogenic  sources,  includ-
ing  cooking,  burning,  traffic  emissions,  and  nearby
industrial  activities.  TSP  samples  were  collected
onpre-treated  quartz  filters  (Advantec,  Japan),
using  a  high-volume  air  sampler  (Kimoto  Electric
Co.,  Model 120H,  Japan)  operating  at  a  flow  rate  of
600  L/min over  a  24-hour  sampling  period.  Before
use,  quartz filters  were  heated  at  400  ◦C  for  8  hours  to
remove  im-
purities,  cooled,  and  stabilized  in  a  desiccator  at  25  ◦C
with  a  relative  humidity  of  30%–40%.  After  sampling,
the  filters  were  wrapped  with  aluminum  foil  to  avoid
photochemical  reactions  and  determine  the  mass  af-
ter  stabilizing,  and  stored  at  −20  ◦C22.  In  total,  four

samples  were  collected  from  October  10  to  13,  2022,
and  three  samples  were  collected  from  March  15  to  17,
2023.

RESULTS  AND  DISCUSSION
Mass  spectrometry  parameters
PFAS  are  acidic  compounds  that  readily  lose  a  proton
(H+)  because  of  their  strong  acidic  functional  groups,
such  as  -COOH  and  -SO3H.  The  loss  of  a  proton
forms  the  stable  [M-H]-  ion,  which  is  easily  detected
in  the  negative  ESI  mode.  The  stability  of  PFAS  is  due
to  electron-withdrawing  fluorine  atoms,  which  delo-
calize  the  negative  charge,  making  the  ionization  pro-
cess  efficient.  Thus,  PFAS  are  well-suited  for  detection
by  ESI,  commonly  used  in  UPLC-MS/MS  analysis
(Voogt  and  Saez,  2006).  Four  basic  parameters  (DP,
EP,  CE,  and  CXP)  directly  affect  the  PFAS  signals.  DP
and  EP  depend  on  the  precursor  ions,  whereas  CE  and
CXP  depend  on  the  product  ions.  The  EP  and  CXP
values  had  little  impact  on  the  signals  and  were  set
at  −10  V  3.  Table  1  lists  the  optimal  DP  and  CE  val-
ues  for  each  analyte,  together  with  the  precursor  ions,
product  ions,  and  the  corresponding  transitions.  The
results  obtained  are  similar  to  those  in  the  literature
and  published  standards.
The  retention  times  of  the  24  PFAS  showed  a  posi-
tive  correlation  with  increasing  carbon  chain  length.
In  the  PFSA  group,  compounds  with  longer  carbon
chains  (e.g.,  PFDS  and  PFOS)  exhibited  longer  re-
tention  times  than  those  with  shorter  chains  (e.g.,
PFBS  and  PFPeS).  Similar  results  were  observed  in
the  PFCA  group.  Furthermore,  variations  in  chem-
ical  structure  may  also  influence  retention  times.  PF-
SAs  generally  have  longer  retention  times  than  PFCAs
of  the  same  carbon  chain  length.

Optimization  of  the  ultrasonic  extraction
process
(1) Optimizing  solvent  volume
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MeOH was chosen as the extraction solvent because
of its high efficiency in dissolving PFAS, stemming
from its ability to interact with the non-polar C-F
chains and enhance desorption from particulate sur-
faces. MeOH also exhibits superior wetting proper-
ties compared to other organic solvents, facilitating
deeper penetration into the particulate matrix and in-
creasing the extraction yield. Hence, MeOH is widely
used as the standard solvent in PFAS extraction from
atmospheric PM, offering an optimal balance of po-
larity, low viscosity, and compatibility with SPE clean-
up and UPLC-MS/MS analysis1,6,11,12.
The recovery efficiencies obtained from testing ex-
traction volumes of 4, 5, and 6mLmet theAssociation
of Official Analytical Collaboration (AOAC) Interna-
tional criteria for acceptable recovery (typically 70%
– 120%), indicating that each tested volume provided
reliable extraction performance. Among them, a 4mL
volume was selected as the optimal choice, as it bal-
anced high recovery with reduced solvent consump-
tion and shorter processing time through the SPE col-
umn. ThisMeOHvolume has beenmentioned in pre-
vious studies, as it ensures effective analyte extraction
from the sample matrix while improving the overall
efficiency of the analytical workflow6.
(2) Optimizing extraction time
The results indicate that ultrasonic extraction achieves
high efficiency within the first 10 minutes, suggesting
that a 10-minute duration per extraction is sufficient
tomaximize analyte recovery from the samplematrix.
Furthermore, performing three successive extractions
ensures complete transfer of analytes into the solvent.
A 10-minute extraction time also agrees with proto-
cols adopted in previous studies, supporting its relia-
bility and effectiveness6.
(3) Optimizing extraction temperature
The recovery efficiency and %RSD values obtained
at different extraction temperatures met the AOAC
standards for all analytes. Among the tested condi-
tions, ultrasonic extraction at 40 ◦C and 50 ◦C yielded
the highest extraction efficiencies. Theoretically, in-
creasing the extraction temperature enhances analyte
solubility and transfer into the solvent phase. How-
ever, to prevent excessive heating and reduce energy
consumption and processing time in the ultrasonic
bath, 40 ◦C was selected as the optimal extraction
temperature. This temperature has been used in pre-
vious studies, supporting its applicability and effec-
tiveness6.

LOQs and application to PFAS determina-
tion in TSP samples
This study presents the first method for analyzing
PFAS in TSP in Vietnam. Table ?? presents the

PFAS  concentrations  in  seven  TSP  samples  collected
from  Ho  Chi  Minh  City,  along  with  the  correspond-
ing  LOQs  and  quality  control  recoveries.  The  pro-
posed  method  achieved  low  LOQs,  ranging  from  0.01
to  0.14  ng/mL,  comparable  to  or  lower  than  those
reported  in  previous  studies,  enabling  the  sensitive
detection  of  PFAS  at  trace  levels.  Notably,  LOQs
for  PFPeA,  PFHpA,  PFOA,  PFBS,  PFHxS,  PFHpS,
PFOS,  PFDA,  PFDoA,  PFPeS,  and  PFTeA  were  lower
than  or  equal  to  those  in  previous  studies,  high-
lighting  the  improved  sensitivity  of  our  method  for
these  analytes.  Although  some  compounds,  includ-
ing  PFBA,  PFHxA,  PFNA,  PFDS,  and  PFOSA,  exhib-
ited  slightly  higher  LOQs,  the  values  remained  within
acceptable  ranges  for  environmental  trace  analysis.
The  ultrasound-assisted  extraction  using  MeOH  (4
mL,  40  ◦C,  10  min,  in  triplicate)  yielded  high  recov-
ery  efficiencies  (95.5%–114.4%)  while  reducing  ex-
traction  time  and  solvent  consumption.  Moreover,
the  method  employs  commonly  available  ENVI-Carb
SPE  cartridges  and  UPLC-MS/MS  instrumentation,
making  it  practical  and  well-suited  to  the  facilities  and
conditions  of  most  laboratories.
“<LOD”  indicates  concentrations  below  the  limit  of
detection;  “ND”  means  not  detected.
Based  on  the  analysis,  22  of  24  PFAS  were  detected
in  the  samples,  except  for  PFTrDA  and  8:2FTS.  Fur-
thermore,  12  of  24  PFAS  were  found  across  all  sam-
ples:  PFBA,  PFPeA,  PFHxA,  PFHpA,  PFOA,  PFHxS,
PFHpS,  PFOS,  PFUnA,  PFDoA,  6-2FTS,  PFTeA.
Among  these,  PFHpA  exhibited  the  highest  concen-
tration,  followed  by  PFBA.  This  result  is  in  line  with
the  findings  of  previous  studies  on  PFAS  in  airborne
dust  in  Japan  (6,27).  The  concentration  trend  ob-
served  was  PFHpA  >  PFBA  >  PFHxA  >  PFPeA  >
PFOA,  with  PFNS  showing  a  markedly  lower  con-
centration.  This  distribution  highlights  the  varying
prevalence  of  different  PFAS  in  the  TSP  samples. 
Short-chain  PFAS,  such  as  PFBA,  PFPeA,  and  PFHxA,
are  frequently  detected  and  typically  exhibit  higher
concentrations  in  PM.  This  trend  can  be  attributed
to  their  higher  volatility  and  lower  affinity  for  ad-
sorption  onto  dust  particles,  compared  to  long-chain
compounds.  By  contrast,  long-chain  PFAS,  including
PFOS,  PFOA,  and  PFNA,  are  less  prevalent  and  gener-
ally  occur  at  low  concentrations.  Their  reduced  abun-
dance  in  PM  may  be  due  to  their  tendency  to  accumu-
late  in  other  environmental  media,  such  as  water  or
soil.  Precursor  compounds,  such  as  NEtFOSAA  and
NMeFOSAA,  are  even  less  common  and  present  at
lower  concentrations,  potentially  due  to  degradation
processes  or  metabolic  transformations  in  airborne  or
dust  environments.
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Figure 1: Recovery efficiencies of 24 PFASs at different extraction volumes. Standard deviation bars correspond
tovariations within three replicates.

Figure 2: Recovery efficiencies of PFASs at different extraction times. Standard deviation bars correspond to vari-
ations within three replicates.

Figure 3: Recovery efficiencies of PFASs at different extraction temperatures. Standard deviation bars correspond
to variations within three replicates.

3814



Science & Technology Development Journal 2025, 28(3):3809-3816

Table 2: LOQs and concentrations of 24 PFASs in 7 TSP samples collected from ambient air in Ho Chi Minh City

PFAS LOQ
(ng/mL)

Samples (pg/m3) %RSD H%

Sample
1

Sample
2

Sample
3

Sample
4

Sample
5

Sample
6

Sample
7

PFBA 0.07 92.8 187.6 157.8 137.6 261.6 162.1 207.4 0.2 100.0

PFPeA 0.02 19.7 89.0 101.1 37.8 18.2 24.7 23.0 0.5 108.5

PFHxA 0.04 14.3 91.5 124.0 31.0 25.4 88.6 19.8 0.0 95.5

PFHpA 0.03 120.6 1894.5 1763.1 447.0 37.8 11.8 101.7 0.7 100.0

PFOA 0.04 2.9 50.9 75.2 10.8 10.3 5.9 9.0 1.7 110.5

PFBS 0.03 1.1 1.4 <LOD <LOD 7.1 2.4 1.8 0.3 112.9

PFHxS 0.03 1.3 1.0 1.0 1.6 5.7 1.7 1.6 0.2 105.5

PFHpS 0.02 2.1 0.7 1.4 0.6 3.7 2.2 1.7 1.9 111.5

PFOS 0.04 1.2 3.6 4.0 2.7 3.3 3.0 2.0 4.6 103.9

PFDA 0.04 <LOD 4.0 8.8 2.1 1.0 3.3 1.7 0.4 108.5

PFUnA 0.02 2.7 1.1 2.4 0.6 1.0 0.8 1.6 0.8 102.6

PFDoA 0.01 0.4 1.9 1.8 1.2 1.4 1.2 0.7 0.9 101.4

PFTrDA 0.10 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.2 112.4

6-2FTS 0.07 2.3 3.6 22.7 5.6 3.9 4.1 2.9 0.9 98.0

PFPeS 0.07 1.2 3.1 2.4 1.1 ND 17.7 9.2 0.1 98.3

PFNS 0.15 <LOD <LOD <LOD <LOD 2.8 2.8 2.7 0.4 100.8

PFDS 0.14 2.9 <LOD <LOD <LOD 3.6 2.6 3.0 0.4 112.2

4-2FTS 0.04 0.8 <LOD <LOD 0.8 3.6 2.3 ND 4.8 100.2

8-2FTS 0.11 <LOD <LOD <LOD <LOD ND ND ND 2.8 104.8

PFNA 0.16 3.8 <LOD 4.9 <LOD 4.8 5.1 ND 3.1 114.8

PFTeA 0.01 0.4 0.6 0.3 0.6 1.5 0.9 0.9 4.4 113.3

NEtFOSAA 0.01 2.8 2.6 2.2 2.1 2.8 2.7 ND 3.3 101.5

NMeFOSAA 0.04 <LOD ND <LOD <LOD 4.4 ND ND 12.6 103.5

PFOSA 0.08 <LOD <LOD <LOD <LOD 3.1 2.7 2.2 5.3 96.0

Total PFAS 273.3 2337.0 2273.2 683.1 407.1 348.7 392.9

Standard Deviation (SD) 34.0 469.2 435.3 113.2 56.3 38.5 52.0

CONCLUSIONS
We developed and validated a sensitive, accurate, and
efficient analytical method for the quantification of
24 per- and polyfluoroalkyl substances (PFAS) in to-
tal suspended particulate matter (TSP) samples, us-
ing Supelclean ENVI-Carb solid-phase extraction and
UPLC-MS/MS. The method exhibited excellent an-
alytical performance, including low limits of quan-
tification, high recovery rates, and strong repeata-

bility,  confirming  its  reliability  for  PFAS  determina-
tion  in  particulate  matter.  Application  of  the  method
to  ambient  TSP  samples  collected  in  Ho  Chi  Minh
City  detected  22  of  24  target  PFAS,  underscoring  the
widespread  presence  of  these  persistent  organic  pol-
lutants  in  the  urban  atmosphere.  These  findings  em-
phasize  the  need  for  increased  attention  to  PFAS  as
emerging  air  pollutants  in  rapidly  developing  urban
environments.  These  results  can  serve  as  a  scientific
basis  for  environmental  authorities  to  consider  devel-
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oping regulatory guidelines or monitoring programs
for airborne PFAS. Future research should focus on
expanding the spatial and temporal scope of sam-
pling and investigating the potential health risks asso-
ciated with inhalation exposure to PFAS, particularly
in densely populated areas.
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