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ABSTRACT
Perfluorooctane sulfonate (PFOS) and Perfluorooctanoic acid (PFOA) are persistent environmental pollutants, extremely stable, and possibly 
adversely affect human health. They are widely used in many industries and consumer goods, including sunscreen products. These substances 
are stable chemicals made of long carbon chains, having both lipid- and water-repellent qualities. The research objectives are (1) to find the 
most effective method for the preparation of semi-liquid samples by comparing solid phase extraction (SPE) and centrifugation after Pressurized 
liquid extraction (PLE), and (2) to determine the contamination levels of PFOS and PFOA in waterproof sunscreen samples. All sunscreen samples 
were analyzed by liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS). Sunscreen samples were purchased from domestic 
and international brands sold in Thailand. Special chemical properties were considered for the selection of samples, e.g., those found in waterproof, 
sweat resistant, water resistant, and non-stick products. Considering the factors of physical properties, e.g., operation time, chemical consumption, 
and recovery percentage for selecting methods to develop, the centrifugation method using 2 mL of extracted sample with the conditions of 
12,000 rpm and 5˚C for 1 hour after PLE was chosen. The highest concentrations of PFOS and PFOA were detected at 0.0671 ng/g and 21.0644 
ng/g, respectively. Even though present concentrations are found at ng/g levels, the daily use of sunscreen products is normally several grams. 
Therefore, a risk assessment of PFOS and PFOA contamination in sunscreen products is an important concern, and more attention needs to 
be paid to the long-term effects on human health. 
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1. Introduction

Perfluorinated compounds (PFCs) are fully fluorinated. Perfluorooctane 
sulfonate (PFOS) and Perfluorooctanoic acid (PFOA) are the most 
frequently detected PFCs [1]. PFOS has recently been included 
on the list of restricted-use compounds that appear in Annex B 
of the Stockholm Convention on Persistent Organic Pollutants, 
May 2009 [2]. The structure of PFOS and PFOA reflects a high 
electronegativity of fluorine atoms; the carbon-fluorine bond gen-
erates a strong dipole moment [3]. This characteristic is very stable 
at high temperatures, making it resistant to breakdown in the 
environment, bases, or oxidizers [4]. They have been widely used 
for a variety of applications such as in textiles, clothes, carpets, 
paper coatings, waterproofing agents, foam, and cosmetics [5]. 
PFOS and PFOA are released into the environment by industries 

and consumers, and these compounds are bio-accumulative, highly 
persistent, and toxic. There have been several reports of PFOS 
and PFOA being detected in wastewater, foodstuffs, animals, and 
blood. In the northern Bohai Sea in China, researchers investigated 
PFCs in water, soils, sediments, and biota collected from estuarine 
and coastal areas. The concentration of PFCs found in water (mean: 
18.4 ng/L) and biological samples (fish: 265 ng/g DW) were relatively 
high while the concentration of PFCs in soils and sediments was 
less [6]. In Japan concerning about the contamination of the PFOS 
and PFOA in surface water from the Yodo River, the concentrations 
measured were 0.4-123 ng/L and 4.2-2,600 ng/L, respectively [7]. 
In Italy, there have been reports of levels of PFOS at 0.76 ± 1.27 
ng/g and PFOA at 8.04 ng/g in breast milk, but only PFOS was 
found in food samples [8]. PFCs are also sometimes used in water-re-
sistant sunscreen products. Sunscreen protects against ultraviolet 
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rays and against sunburn from sunlight. The ‘water-resistant’ desig-
nation means that the sunscreen retains its stated SPF value after 
a certain time in water or while sweating. However, there are concerns 
that the ingredients of sunscreen can cause many adverse health 
effects. Following exposure to any chemical, the adverse health 
effects that may be encountered depend on several factors, e.g., 
the amount of exposure (dose), the way of exposure, the duration 
of exposure, and the form of the chemical. With regard to PFOS 
contamination in the European Union, the following point was added 
to Annex I of Directive 76/69/EEC [9]: that (certain chemicals/PFOS 
and PFOA) may not be placed on the market or used as a substance 
or constituent of preparations in a concentration equal to or higher 
than 0.005% by mass. Sunscreen is a semi-liquid, with high protein 
and organic content, which makes it difficult to analyze. One of 
the obstacles to identifying PFOS and PFOA contamination in 
semi-liquid phase products like sunscreen is too little information 
regarding the measurement method. In the group of solids such 
as food, sludge, and soil, the pressurized liquid extraction (PLE) 
technique has been used, followed by solid phase extraction (SPE) 
before analysis with liquid chromatography coupled with tandem 
mass spectrometry (LC-MS/MS) [10, 11]. PFOS and PFOA have 
been measured from food packaging, foods, and textiles by the 
PLE technique, followed by centrifugation and analysis by 
LC-MS/MS [12]. These two principal methods have advantages and 
disadvantages in terms of chemical contamination, processing time, 
detection level, and matrix effects in LC-MS/MS. Therefore, this 
research aims to develop a method by comparing SPE and cen-
trifugation methods after PLE and to investigate concentrations of 
PFOS and PFOA in semi-liquid phase samples like waterproof 
sunscreen.

2. Materials and Methods 

2.1. Standards and Reagents

The majority of analytical standards of perfluorooctane sulfonate 
(PFOS standard of 98% purity) and perfluorooctanoic acid (PFOA 
standard of > 95% purity) used in this study were purchased 
from the Wako company (Japan). Pure ammonium acetate was 
ordered from the USA and used for preparing the mobile phase 
in the LC-MS/MS. In addition, Methanol high performance liquid 
chromatography (HPLC) grade used for extraction and Acetonitrile 
HPLC grade were supplied from Merck (Germany).

2.2. Sunscreen Samples

All samples were obtained randomly from domestic brands and 
international brands in stores in Thailand for this study. A total 
of 12 samples of different brands of sunscreen from many countries 
were made. In addition, all samples of sunscreen were chosen 
because they had water resistant, sweat resistant, waterproof, or 
non-stick properties. These samples were not previously used and 
were newly opened for analysis in this study.

2.3. Sample Preparation by Pressurized Liquid Extraction 
Technique

In this study, the amount of sunscreen sample used in each ex-

traction was weighed on foil, about 4-5 g, and the sample was 
transferred into a 33 mL stainless steel cell. Stainless steel balls 
were used as filler to reduce the volume within the stainless steel 
cell.

The extraction of PFOS and PFOA from sunscreen samples 
was performed by Pressurized Liquid Extraction (PLE), using the 
Dionex ASE 200 accelerated solvent extraction system (ASE). 
Briefly, 4-5 g of each sample was weighed and prepared in duplicate. 
Then, each sample was transferred into a 33 mL stainless steel 
extraction cell. Cellulose filters were placed at the bottom of the 
extraction cell to avoid obstruction of the metal filters by solid 
particles. The cell was filled up with stainless steel balls and 
loaded into the ASE. In this work, HPLC grade methanol was 
used as a PLE solvent for extraction of all concentrations of PFOS 
and PFOA in the samples. The extraction technique was optimized 
and validated by the absolute recovery of PFOS and PFOA fortified 
control samples at two different levels (5 and 30 ng/g). The 4-5 
g samples were fortified by spiking 0.5 mL of PFOS and PFOA 
fortification solution at a concentration level of 10 μg/L and 60 
μg/L. Three replicates of four samples were performed at each 
level. The PLE conditions were preheating for 0 min, heating for 
5 min, and 30 min of static extraction time. 100% flush volume 
and one extraction cycle at 80˚C with 1,000 psi were set up. After 
extraction by PLE, each of the extracted samples dissolved in 
methanol was decanted into a 60 mL polypropylene bottle. Most 
samples were analyzed shortly after preparation. Otherwise, they 
were stored at 4˚C and analyzed within a week. 

2.4. Preparation Method of Extracted Sample for Analysis 
by Solid Phase Extraction (SPE) 

After the PLE technique, the two alternative methods of treatment 
used before analysis by LC-MS/MS were SPE and centrifugation. 
The workflow of the SPE method focused on treating samples 
by SPE to concentrate and purify samples for analysis, and 
ENVI-Carb SPE Tubes (3 mL and 0.25 g; Supelco, USA) were 
used to eliminate interference and remove organic matter [13] 
as shown in Fig. 1(a). After the PLE technique, 60 mL from the 
liquid phase was completely dried by water bath at 100˚C to 
evaporate the methanol. Ultrapure water (500 mL) was added 
to the dried samples then they were loaded into the cartridge 
(Precep C-Agri C18; Wako, Japan) for SPE at a flow rate of 10 
mL/min. After that, vacuum manifold was used to air dry the 
cartridge, and 4 mL of methanol followed by 2 mL of acetonitrile 
were added and then clean up by ENVI-Carb. Finally, the solution 
was purged by using high purity N2 gas until the sample in the 
vial completely dried. The dried samples were reconstituted by 
adding 0.5 mL of 40% acetonitrile and transferred into vials for 
analysis by LC-MS/MS. Fig. 1(b) shows the method wherein sam-
ples were completely dried and the volume adjusted to 5 mL 
for clean up by ENVI-Carb before the SPE step in order to prevent 
clogging from emulsion during SPE and compare the effectiveness 
of methods between cleaning up by ENVI-Carb before and after 
the SPE step. Then, the following processes were performed: car-
tridge drying, elution, N2 purging, reconstitution, and LC-MS/MS 
analysis. For each sample done, duplicate samples were also sub-
jected to the same process.
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                                          (a)                                       (b)
Fig. 1. Flowchart of preparation method by solid phase extraction (SPE).

                                           (a)                                     (b)
Fig. 2. Flowchart of preparation method by centrifugation (a) only 2 mL of extracted sample (b) addition of ultrapure water mixed with extracted sample.

2.5. Preparation Method of Extracted Sample for Analysis 
by Centrifugation 

Two different centrifugation processes were used to separate lipids 
and remove potential matrix interference. After the PLE technique, 
2 mL of extracted sample was placed into a 2 mL centrifuge tube 

and centrifuged at 12,000 rpm and 5˚C for 1 hour. After cen-
trifugation, the upper, clear layer of the sample was transferred 
into a vial for analysis by LC-MS/MS as shown in Fig. 2(a). Fig. 
2(b) shows 1 mL of extracted sample completely mixed with 1 
mL of ultrapure water to help precipitation and perform emulsion 
phase separation [13]. The tubes were shaken to completely mix 
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a b

Fig. 3. Extracted samples for LC-MS/MS analysis using (a) solid phase extraction (SPE) and (b) centrifugation.

the contents homogenously and then centrifuged under the same 
conditions. After centrifugation, the upper, clear layer was trans-
ferred into a vial for analysis by LC-MS/MS.

2.6. Instrumental Analysis

Samples were analyzed by using Agilent 1200SL high performance 
liquid chromatography (HPLC, Agilent Technologies, Germany). 
The HPLC system was interfaced with an Agilent 6400 Triple 
Quadruple mass spectrometer (MS/MS, Agilent Technologies, 
USA).  The analytical column used was Agilent Eclipse XDB-C18, 
4.6 × 50 mm, 1.8 μm and Plus C18, 2.1 × 100 mm, 1.8 μm. Analyte 
ions were analyzed by multiple reaction monitoring (MRM) mode. 
The mobile phase was performed using (A) 10 mM ammonium 
acetate (CH3COONH4) in ultrapure water and (B) acetronitrile (HPLC 
grade). The gradient conditions were as follows: the separation 
process started with an initial condition of 45% (B), ramping to 
50% (B) at 5.0 min, then increased to 60% (B) at 5.5 min, held 
at 60% (B) for 4.5 min, and rose to 90% (B) at 15 min, at a flow 
rate of 0.25 mL/min. The column temperature was maintained 
at 40˚C and the injection volume was 10 μL. PFOS and PFOA were 

Table 1. Summary of Analytical Operation Conditions of HPLC-MS/MS
HPLC MS/MS

Instrument:
Agilent 1200 SL HPLC

Instrument:
Agilent 6400 triple quadrupole 
mass spectrometer

Column:
Agilent Eclipse XDB-C18, 4.6 × 
50 mm, 1.8 μm and Plus C18, 
2.1 × 100 mm, 1.8 μm

MS/MS operation: MRM 

Mobile Phase: 
A: 10 mM CH3COONH4/H2O
B: CH3CN

Source: ESI

Flow: 0.25 mL/min Gas flow: 10 L/min

Injection volume: 10 μL Capillary voltage: 3,500 V

Column temp: 40˚C Gas temp: 300˚C
HPLC: high performance liquid chromatography, MS/MS: mass spectrometer, 
MRM: multiple reaction mode, ESI: electrospray ionization.

detected using electrospray ionization (ESI). The operating con-
ditions for ESI were as follows: gas flow was 10 L/min with a 
capillary voltage of 3,500 V and gas temperature at 300˚C. The 
operation conditions are shown in Table 1. The calibration curve 
consisted of five concentration levels that ranged from 0.1–10 μg/L. 
The total running time was 34 min for each sample, and all samples 
were stored in a refrigerator in polypropylene vials at 4˚C.

3. Results and Discussion

3.1. Comparing the Results of Samples by Physical Observation

Firstly, the preparation process of samples using SPE and cen-
trifugation methods was physically observed. In the case of SPE 
method after clean up by ENVI-Carb, the sample was not passed 
through the ENVI-Carb because the emulsion was very viscous 
and finally could not be analyzed by LC-MS/MS. For the physical 
appearance of samples from the SPE method before cleaning by 
ENVI-Carb, the emulsion was observed as shown in Fig. 3(a), 
which was a significant problem encountered using this method. 
For the centrifugation method, low temperature (5˚C) and addition 
of water to the 1 mL sample can minimize the formation of an 
emulsion [13]. Only 2 mL of extracted sample was centrifuged 
for one hour at low temperature, which decreases the viscosity. 
For both methods of centrifugation, clear and bright samples were 
produced before analysis, as shown in Fig. 3(b). Because of the 
density difference between the emulsion and liquid phase of sam-
ple, centrifugal force separates the sample into the emulsion and 
liquid phase [14].

3.2. Multiple Factors Considered for Method Selection

This section compares the results of concentrations using SPE 
and centrifugation. Table 2 shows that the SPE method is an appro-
priate method for samples with low concentrations because SPE 
used the entire extracted sample (60 mL). Centrifugation could 
also detect PFOA in both samples, but PFOS contamination in 
sample 2 was not detected. Based on the results from the two 
different methods (SPE and centrifugation), both methods were 
able to detect the PFOS and PFOA concentrations at the ng/g 
levels. Even so, SPE could measure at lower levels than cen-
trifugation, but there was more damage to the LC-MS/MS as more 
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Table 2. Comparing Concentrations of PFOS and PFOA in Waterproof Sunscreen Samples by SPE and Centrifugation Methods

Sunscreen samples
SPE method (ng/g)

Centrifugation method (ng/g)
2 mL of extracted sample Extracted sample + ultrapure water

PFOA PFOS PFOA PFOS PFOA PFOS
Sample 1 0.1564 0.0078 0.5865 0.0381 0.4627 0.0763

Sample 2 0.0396 0.0054 0.0485 ND 0.0281 ND

SPE: solid phase extraction, PFOA: perfluorooctanoic acid, PFOS: perfluorooctane sulfonate, ND: not detected.

Table 3. Factors Considered for Optimization 

Parameter SPE method
Centrifugation

2 mL of extracted sample Extracted sample + ultrapure water
Time (h) 8 2 2
Chemical
  - MeOH (mL)
  - ACN (mL)

64
2

60
0

60
0

Physical property emulsion clear clear
Concentration ng/g ng/g ng/g

Table 4. Concentrations of PFOS and PFOA in Waterproof  Sunscreen Samples by Centrifugation Methods

Water proof 
sunscreens

SPF Country of origin
Concentration (ng/g)

2 mL of extracted sample Extracted sample + ultrapure water
PFOA PFOS PFOA PFOS

Sample 1 50 USA 0.5865 0.0381 0.4627 0.0763

Sample 2 30 Thailand 0.0485 ND 0.0281 ND

Sample 3 130 China 0.0107 0.0274 ND ND
Sample 4 36 Philippines 0.8526 0.0353 1.2098 0.1072

Sample 5 50 Japan 0.0318 0.0671 0.0268 ND

Sample 6 40 Thailand 21.0644 0.0233 142.8350 ND
Sample 7 30 Thailand 0.7681 0.0584 1.4193 0.1169

Sample 8 50 Thailand 1.1117 0.0629 1.4202 ND

Sample 9 50 Thailand 0.7017 0.0402 0.9600 0.1218
Sample 10 60 Thailand 2.0145 0.0229 2.8609 0.0892

Sample 11 50 USA 0.6365 0.0565 1.0312 0.0617

Sample 12 50 Australia 0.9685 0.0390 1.7513 0.0457
Max (ng/g) 21.0644 0.0671 142.8350 0.1218

Min (ng/g) 0.0107 ND ND ND

Recovery percentage 101.75 64.32 117.49 67.50
% RSD 9.92 15.01 5.21 19.84

PFOA: perfluorooctanoic acid, PFOS: perfluorooctane sulfonate, ND: not detected.

emulsion and organic compounds remained and clogged the ana-
lytical column. Some of these spread into other parts of the detector, 
disturbing the operation of the detector. 

Table 3 represents the correlation parameters between SPE and 
centrifugation methods. The parameters considered for opti-
mization were operation time, chemical consumption in the proc-
ess, and physical properties. The SPE method was performed and 
took about 8 hours, which was considered a long period compared 
with the centrifugation method (2 hours). A higher volume of 
chemicals, both methanol and acetonitrile, were used in the SPE 
method. Due to its physical properties, the emulsion remained 
stable throughout the whole period of study by SPE. Clear samples 

were observed from both centrifugation methods. The advantages 
of the centrifugation method were the shorter operation time and 
less volume of chemical consumption. Moreover, the extracted 
samples were clear and had less effect on LC-MS/MS.

Table 4 shows that PFOA and PFOS were detected in most 
of the waterproof sunscreen samples. Centrifugation with only 
2 mL of extracted sample could detect PFOA in all samples, but 
PFOS contamination in one sample was not detected. The highest 
concentrations of PFOA and PFOS were found at the levels of 
21.0644 ng/g and 0.0671 ng/g, respectively. In the case of the 
centrifugation method using an extracted sample mixed with ultra-
pure water, the highest concentration of PFOA was found at 
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142.8350 ng/g and PFOS at 0.1218 ng/g. The centrifugation method 
with the addition of ultrapure water mixed with the extracted 
sample could not detect PFOS contamination in 5 samples. The 
average percent recovery for the centrifugation method with 2 
ml extracted samples were 101.75% and 64.32%  for PFOA and 
PFOS, respectively, while extracted samples mixed with ultrapure 
water provided  average recovery at 117.49%  for  PFOA and 
67.5% for PFOS. Compared to other reports, the highest PFOA 
levels detected in sunscreen in this study were lower than the 
highest concentration of PFOA in Japanese research [15] for the 
samples listed as polyfluoroalkyl phosphate esters (PAPs) and other 
fluorinated compounds but were comparable to the samples not 
listed as fluorinated compounds.

4. Conclusions 

The SPE and centrifugation methods were tested and compared 
for detecting the presence of PFOA and PFOS in waterproof 
sunscreen samples. Four primary factors were considered in order 
to select the optimal method. Firstly, regarding the physical proper-
ties, the samples resulting from centrifugation were better and 
clearer. Secondly, considering concentration levels, both SPE and 
centrifugation methods were able to detect concentrations at ng/g 
levels, but the centrifugation method was selected because it was 
safer with regard to the LC-MS/MS machine. Thirdly, after consider-
ing multiple factors, the two different centrifugation methods pro-
vided optimal properties, which were shorter operation times, 
lower chemical consumption, and better physical properties. 
Lastly, the concentration level was in the same range, but the 
percent recovery from centrifugation using 2 mL of extracted sample 
was closer to 100 percent than the other. Therefore, the cen-
trifugation method using only 2 mL of extracted sample with the 
conditions of 12,000 rpm and 5˚C for 1 hour was the method 
selected. The highest concentrations of PFOA and PFOS were 
found at the level of 21.0644 ng/g and 0.0671 ng/g, respectively. 
This is the first report on the extraction method for the analysis 
of PFOS and PFOA in waterproof sunscreen samples in Thailand. 
The safety concerns regarding the effects of PFOS and PFOA on 
human health should be studied for any adverse health effects, 
and a risk assessment of contamination in personal care products 
including waterproof sunscreens should be done.  
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