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Abstract: Perfluorohexane sulfonic acid (PFHxS), one of the substitutes for perfluorooctane sulfonic
acid (PFOS), has been widely discussed around the world. In this study, the atmospheric concentra-
tions of PFHxS in Beijing in the summer and autumn of 2021 were monitored, and the gas–particle
partitioning and wet and dry deposition characteristics were analyzed. The results show that the
average total concentrations of PFHxS in Beijing in the summer and autumn were 1.61 pg/m3 and
1.41 pg/m3, respectively. The particulate fraction ϕ of PFHxS was about 48% during the research
period, and there was a significant positive correlation between ϕ and air temperatures. The linear
fitting relationship between log Kp(gas–particle partition coefficient) and log PL (compound vapor
pressure) showed that the absorption between the PFHxS molecule and particulate matter dominated
the process of gas–particle partitioning. The total deposition flux of PFHxS was the largest in July and
the smallest in October, with values of 55.2 and 23.7 ng/m2, respectively. During the study period,
PFHxS in the atmosphere had no obvious health impacts on humans. However, with their extensive
use, the possible harmful effects on children should be continuously investigated.

Keywords: perfluorohexane sulfonate acid; perfluoroalkyl and polyfluoroalkyl substances;
gas–particle partitioning; deposition; health risk assessment

1. Introduction

Perfluorohexane sulfonic acid (PFHxS) is a type of perfluoroalkyl and polyfluoroalkyl
compound (PFAS), which is a strong acid with six carbon atoms. Because of its excellent
hydrophobic and oleophobic surface activity, as well as good thermal and chemical stability,
it has waterproofing, oil repellency, and easy decontamination functions. So, it is widely
used in the production of surfactants, paper, and textile protective coatings [1]. Similar
to other PFASs, PFHxS also has persistence [2], bioaccumulation [3,4], potential for long-
range environmental transport [5–9], and adverse effects [10,11]. With perfluorooctane
sulfonic acid (PFOS) and its salts listed in Annex B of the Stockholm Convention [12],
PFHxS has been widely promoted and used as one of the main substitutes [13,14]. More
PFHxS was needed to achieve the same effect as PFOS, so its use, emissions, and exposure
levels are rapidly increasing [15]. The risk assessment of PFHxS, as well as its salts and
related compounds, was reported in 2019 [16]. The Persistent Organic Pollutants Review
Committee (POPRC) has adopted the risk profile and risk management evaluation and
recommended listing PFHxS, its salts, and related compounds in Annex A to the Stockholm
Convention in 2021 [17]. The pollution situation and environmental behavior of PFHxS
have gradually attracted worldwide attention.

The atmospheric transport of PFHxS is a significant mode of its global distribution [5].
The existing form and deposition of PFHxS in the atmospheric environment can be affected
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by its distribution in gas and particle phases. At present, many studies have reported the
existence of PFHxS in the atmosphere [18–22], but there is little research on its gas–particle
partitioning [22,23]. Atmospheric PFHxS mainly enters water and soil through the dry and
wet deposition. Therefore, the wet and dry deposition will affect the fate of PFHxS in the
atmosphere. In addition, PFHxS in the atmosphere may enter the human body through
exposure routes, such as respiration and skin contact, thus endangering human health.
However, few studies explore the wet and dry deposition and the health effects of PFHxS
based on its atmospheric concentrations [24,25].

With the restricted use of PFOS, some PFAS-manufacturers in China have started to
produce perfluorohexane sulfonyl fluoride (PFHxSF) and its derivatives as replacements for
PFOSF-based chemicals (e.g., in textile finishing agents) [26], which are major raw materials
for PFHxS [27]. As a result, the mass production of PFHxSF will probably greatly increase
the manufacturing and emissions of PFHxS. Moreover, studies have pointed out that the
concentrations of PFHxS in Taihu lake in China rose by about 60 times from 2009 to 2015 [28].
Therefore, it is essential to study PFHxS levels in the atmosphere of China. This paper uses
Beijing as an example to study (a) the concentrations and variation characteristics of PFHxS
in the atmosphere; (b) the gas–particle partitioning process; (c) the wet and dry deposition
characteristics; and (d) the impact on human health in Beijing.

2. Materials and Methods

The methodology chart is shown in Figure 1. The experiment is discussed in Section 2.1
and the atmospheric concentrations of PFHxS obtained are analyzed in Section 3.1. The
methods used to calculate the particulate fraction (ϕ) and the linear fitting slope of log Kp
and log PL of PFHxS are described in Section 2.2, while those used to assess the gas–particle
partitioning of PFHxS are described in Section 3.2. The deposition models are introduced
in Section 2.3 and applied in Section 3.3 for the discussion of the wet–dry deposition flux of
PFHxS in each month. Health risk assessment models are interpreted in Section 2.4 and
used in Section 3.4 to assess the health risk of PFHxS. Some abbreviations that were used in
this study are shown in Table S1.
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2.1. Sampling and Detection

Standards and reagents. The analyte standard (L-PFHxS, 2 µg/mL) and isotopically
labeled analog used as an internal standard (IS, MPFHxS, 500 ng/mL) were purchased
from Wellington Laboratories (Ontario, CA). Analyte and IS diluted working solutions
(500 ng/mL) were configured in MeOH. Methanol (MeOH, LC-MS grade), acetic acid
(glacial, Reagent Plus®, ≥99%), and ammonium acetate (UPLC-MS grade) were purchased
from Merck KGaA (Shanghai, China). Ammonium hydroxide solution (NH4OH, ≥ 25%,
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puriss) was obtained from Yongda Reagent (Tianjin, China). Glycerol (HPLC grade) was
purchased from ANPEL (Shanghai, China). Hexane (≥95%, UV-HPLC grade) and ultrapure
water (HPLC grade) were from CNW (German). Acetone (≥99.5%, purity) and anhydrous
sodium carbonate (≥99.8%, purity) were supplied by Beijing Chemical Works (Beijing,
China). Oasis WAX SPE cartridges (6 mL, 500 mg) were purchased from Waters (Shanghai,
China). The nitrogen used was of ≥99.999% purity. All diluted working solutions were
kept at −20 ◦C away from light prior to use.

Sampling. To collect PFHxS in the gas and particle phases separately, an annular de-
nuder/filter pack collection system previously used by Martin et al. [29] and Wu et al. [23,30]
was deployed on top of the first teaching building of North China Electric Power University
(40.10◦ N, 116.31◦ E, about 20 m above the ground). Two annular denuders (URG-2000-
30x242-3CSS) coupled in series were used to collect gas phase samples, and a ringed quartz
fiber filter was used to collect particle phase samples.

Before sampling, denuders were pre-rinsed with ultrapure water, acetone, and hexane.
They were then blow-dried with high-purity nitrogen. The internal walls of denuders were
coated with 1% Na2CO3–water solution and 1% glycerol–methanol solution (v/v 1:1). The
dried denuders under high purity nitrogen flow were then sealed and stored. Quartz fiber
filters were baked at 450 ◦C for 4 h, wrapped in aluminum foil, and stored at 4 ◦C for
later use.

Between June and November 2021, seven sets of samples were collected sequentially,
one by one, with approximately one set collected on the 10th of each month. Each sampling
time was 48 h at a rate of 16.7 L/min (mass flow), and the volume of each sample was about
48 m3. The samples eluted from the annular denuders and the filters were stored at 4 ◦C
until detection. In addition, during each sampling period, coated annular denuders and
blank filters were set at the sampling points for blank analysis. Precipitation sampling was
carried out every time it rained, and 500 mL of each sample was collected using a bucket
made of PP material. Twenty rainfall samples were collected in total.

Sample preparation and analysis. The gas samples collected in denuders were eluted
by rotating and oscillating. The eluents were 10 mL of water, 10 mL of MeOH, and 5 mL of
methanol/water (v/v 1:1), successively. Before extraction, 5 ng of IS was added to the eluent,
and then vacuum filtration was conducted using a 0.22 µm acetate membrane. Then, the
Oasis WAX cartridges were used for solid phase extraction with a flow rate of 1–2 drops/s.
Before loading the samples, the cartridges were activated sequentially with 4 mL of 0.1%
NH4OH in MeOH, 4 mL of MeOH, and 4 mL of deionized water. After extraction, the
cartridges were treated with 4 mL of 0.1% acetic acid. Then, the PFHxS was collected with 6
mL of 0.5% NH4OH in MeOH. The eluent was concentrated to 100 µL in a water bath at 40
◦C under mild nitrogen flow. Then, 2 mM ammonium acetate/MeOH solution (v/v 9:1) was
used to redissolve the eluent to 250 µL. For the particle phase samples, the filter was cut
before elution, and then the sample was sequentially eluted with 10 mL of water, 10 mL of
MeOH, and 5 mL of methanol/water (v/v 1:1). An ultrasound was required for each elution
for 30 min, and the eluents were combined after three times of ultrasound. After that, the
pretreatment process was the same as that of the gas phase samples. The precipitation
samples were directly added with IS and then filtered. After that, the pretreatment process
was the same as that of the gas samples.

All samples were analyzed using a UPLC-MS/MS system consisting of Waters Ac-
quity UPLC® I class system (Waters, Milford, MA, USA) and a triple quadrupole mass
spectrometry Xevo TQ-S (Waters, USA). An ACQUITY UPLC BEH Shield RP18 column (2.1
× 100 mm, 1.7 µm, Waters, USA), along with a 2.1 mm Security-Guard pre-column (BEH
Shield RP18, 2.1 × 5 mm, 1.8 µm, Waters, USA), was used to achieve chromatographic
separations at a column temperature of 40 ◦C. The mobile phase used in UPLC was 2 mM
ammonium acetate in H2O (A) and MeOH (B) with a total flow rate of 0.3 mL/min. The elu-
tion gradients were as follows: 0~10 min 10~98% B; 10~13 min 98% B; 13~14 min 98~10% B;
and 14~16 min 10% B. The Xevo T-QS was equipped with an electrospray ionization source
(ESI) to detect compounds in a negative mode. The ionization parameters were as follows:
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a capillary voltage of 3 kV, a source temperature of 150 ◦C, a desolvation temperature of
400 ◦C, a cone voltage (CV) of 30 V, collision energy (CE) of 40 eV, as well as a retention time
(RT) of 7.27 min. The MS/MS transition used to quantify PFHxS and the corresponding IS
were m/z 399.0/80.0 and 402.9/102.9, respectively.

Quality assurance (QA)/quality control (QC). Six groups of standard solutions with
different PFHxS concentrations were set and tested. The results show that the correlation
coefficient of the standard curve was 0.998 in the linear range of 0.2–50 µg/L. The method
detection limits (MDLs) of PFHxS were calculated using the average concentrations of
PFHxS in all blank samples plus 5 times the standard deviation of detection concentrations.
In this study, the MDLs of PFHxS in the gas phase, particle phase, and precipitation
samples were 0.20 pg/m3, 1.50 pg/m3, and 14.1 pg/L, respectively. The spiked recovery
experiments were carried out six times. The results show that the average recoveries of
PFHxS in the gas phase, particle phase, and precipitations were 106 ± 4%, 92 ± 11%, and
96 ± 8%, respectively. In addition, the standard analyte with different concentrations
(0.1 ng/mL and 2 ng/mL) was repeatedly determined 6 times to reflect the precision of
the instrument. The performance of the instrument was acceptable as long as the relative
standard deviation (RSD) was less than 3.6%.

2.2. Gas–Particle Partitioning Model

Two methods were used to analyze the partitioning characteristics of PFHxS in the
atmosphere in the gas and particle phases (PM2.5). First, the particulate fractionϕ of PFHxS
was calculated using the following formula:

ϕ =
Cp

Cp + Cg
(1)

where Cp is the concentration in the particle phase (pg/m3) and Cg is the concentration in
the gas phase (pg/m3).

Then, the linear fitting slope of log Kp and log PL of PFHxS was calculated to discuss
the gas–particle partitioning characteristics of PFHxS in the study area [31]. The related
expression is as follows:

log Kp = m log PL + b (2)

where PL is the vapor pressure (Pa), m is the slope of the adsorption model, and b is the
intercept. Kp (m3/µg) is the gas–particle partition coefficient and was calculated using the
following formula:

Kp =

(
Cp/PM2.5

)
Cg

(3)

2.3. Deposition Model

The Atkinson deposition model [32] was applied to estimate the monthly dry and wet
deposition fluxes of PFHxS. The wet deposition model is:

Fwet =
(
CgWg + CpWp

)
·p0 (4)

where Fwet is the monthly wet deposition flux µg/m2 of PFHxS. Cg and Cp are the monthly
average concentrations of the gas and particle phases of PFHxS, pg/m3, respectively. Wg
and Wp are the washout ratios of gas and particle phase PFHxS, respectively. p0 is the
monthly rainfall (mm). Wp depends on meteorological conditions, particle characteristics,
and chemical properties, and is generally between 105 and 106. The median value of 5 × 105

was used for calculation. Wg depends on the dissolution of substances in raindrops and the
adsorption on the surface of raindrops. Atkinson (2000) thought that trace organic matter
maintains the gas-liquid distribution balance between each falling raindrop and the gas
phase in the process of a 10 m precipitation, so it can be considered that trace organic matter
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is in a phase equilibrium state in the process of wet deposition [32]. Thus, the gas–liquid
equilibrium distribution coefficient can be used to estimate Wg:

Wg =
RT
KH

(5)

ln(kH) = 9.099 − 9.328 × 103 ×
(

1
Tr

− 1
T

)
(6)

where R is the gas constant 8.314 J/(mol K); kH is Henry’s constant; and Tr and T are the
reference temperature and the atmospheric temperature (K), respectively. Bowden et al.
pointed out that Henry’s coefficient changed with the temperature at 278.15–308.15 K [33,34].
For the convenience of estimation, this study selected the KH value at 298.15 K to esti-
mate Wg.

The dry deposition model is:

Fdry = Cgvg + Cpvp (7)

where Fdry is the dry deposition flux µg/m2, and vg and vp are the dry deposition rates
(cm/s) of the gas phase and particle phase of PFASs, respectively. Considering different
aerosol particle sizes, wind speeds, and other related factors, the dry deposition rate of
persistent organic pollutants (POPs) is about 0.01–0.8 cm/s [35,36]. Moreover, 0.5 cm/s
was selected as the dry settling rate of PFHxS in this study.

2.4. Health Risk Assessment Model

PFHxS in the atmosphere can enter the human body through respiration and skin
contact. The hazard quotient (HQ) was used to assess the health risk of residents’ PFASs [37],
i.e., the ratio of the average daily dose (ADD, ng/ (kg d)) to the reference dose (RfD,
ng/(kg d)). The daily intake of human includes the amount entering the human body
through respiration (ADDinh), skin contact (ADDder), and ingestion route (ADDing). At
present, there has been no RfD of PFHxS. This study estimated the HQ of PFHxS by
referring to the practice of Ao et al. [25] and using the RfD value of PFOS (80 ng/(kg d))
given by Liu et al. [38]. The calculation method is as follows:

HQ =
ADD
R f D

(8)

ADDinh =
C × IR × ED × EF

BW × AT
(9)

ADDder =
Cp × SA × ABF × AF × ED × EF × CF

BW × AT
(10)

ADDing =
C × SRI × ED × EF

BW × AT
(11)

where C is the concentration of PFASs in the atmosphere (gas phase + particle phase)
(ng/m3). IR is the inhibition rate (m3/d), ED is the exposure duration (yr), EF is the
exposure frequency (d/yr), BW is the body weight (kg), AT is the average time (d), SA is
the exposed skin area (cm2). ABF is the dermal adsorption fraction, AF is the skin adhesion
factor (mg/(m2 d)), CF is the conversion factor (kg/mg), and SRI is the ingestion rate
(mg/d). At present, the research object of the skin contact and ingestion route is particulate
matter, so only the risk of particle phase PFHxS was evaluated in this study. The values of
relevant parameters are provided in Table S2 in Supplementary Materials.
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3. Results and Discussion
3.1. Atmospheric Pollution Characteristics of PFHxS

The atmospheric concentrations of PFHxS in Beijing from June to November 2021 are
shown in Table 1. Among the 42 gas and 42 particle samples, the PFHxS concentrations of
20 gas and 14 particle samples were higher than the detection limit. Therefore, the PFHxS
detection rates of gas and particle samples were 47.6 and 33.3%, respectively. In the summer
(from June to August), the detection rate in the gas phase was 61.9%, which was higher than
that in autumn (from September to November) by 33.3%. However, there was no obvious
difference in the particle phase detection rate between summer and autumn. The gas phase
PFHxS concentrations and particle phase PFHxS concentrations both ranged from 0.625 to
1.875 pg/m3, which were close to the existing studies (Table S3). During the study period,
the mean PFHxS level was 1.51 pg/m3, while the mean concentrations were 1.61 pg/m3

and 1.41 pg/m3 in the summer and autumn, respectively. The highest concentrations in the
gas phase were 1.07 pg/m3 in June, followed by 0.94 pg/m3 in November, and those in
other months had no significant differences. The average concentration of the gas phase
was 0.84 pg/m3 in the summer, which was slightly higher than 0.73 pg/m3 in the autumn.
The highest mean concentration of the particle phase was 1.04 pg/m3 in August, followed
by 0.78 pg/m3 in September. The levels in other observed months were almost the same.

Table 1. Monthly average atmospheric concentrations of PFHxS.

Gas Phase
(pg/m3)

Particle Phase
(pg/m3)

Total Concentration
(pg/m3)

June 1.07 0.63 1.70
July 0.63 0.63 1.26

August 0.83 1.04 1.87
September 0.63 0.78 1.41

October 0.63 0.63 1.26
November 0.94 0.63 1.57

Note: The values are the average concentrations of seven groups of samples in each month.

3.2. Gas–Particle Partitioning of PFHxS

During the monitoring period, the particulate fraction (ϕ) of PFHxS was 0.48 ± 0.08,
which was comparable to that of Beijing (0.65 ± 0.13) in 2013 [23] and Xiamen (0.41 ± 0.14)
in 2019 [22]. Figure 2 shows the gas and particulate fractions of PFHxS from June to
November 2021. During this period, the ϕ initially increased and then decreased. The
lowest value of ϕ in June was 36.9%, and then it gradually increased until it peaked at
55.6% in August. After that, it began to decrease and finally reached the lowest value
of 40.0% in November. In terms of seasons, the temperature during summer, from June
to August, rose gradually. In autumn, the temperature declined. There was a significant
positive correlation between the ϕ and temperatures. The higher the temperature was, the
easier it was for PFHxS to partition in the particle phase. With the decrease in temperature,
it was easier to distribute in the gas phase.

Formula (3) in Section 2.2 was used to calculate the gas–particle partition coefficient
log Kp of PFHxS, and the result was −1.53 to −1.05 m3/µg. Then, referring to the study of
Ahrens et al. [39], the following formula was used to calculate the log PL value of PFHxS
based on the sampling temperature.

log(PL) = −3539/T + 13 (12)

where T is the temperature in Kelvin.
The log Kp and log PL values were linearly fitted, and the results are shown in Figure 3.

The linear regression slope value m was −0.381. It should be noted that our sample size
was limited and the linear relationship between log Kp and log PL was not strong enough
(R2 = 0.39). Therefore, the calculated slope m may be not representative enough, and the
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related discussion about gas–particle partitioning characteristics of PFHxS was preliminary
with certain uncertainties. When |m| is close or equal to 1, the partitioning of POPs
between the gas phase and the particle phase is in equilibrium [31,40]. In this study,
|m| deviated from 1, so PFHxS could not reach the equilibrium state. Moreover, slopes
shallower than −0.6 point to the absorption between POPs and the particulate matter [41].
The m in this study was bigger than −0.6, which indicated that the absorption probably
dominated the partitioning process.
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Figure 3. The linear relationship between log Kp and log PL.

3.3. Wet–Dry Deposition of PFHxS

The monthly rainfall (https://rp5.ru/, accessed on 21 January 2023) and wet–dry
deposition flux of PFHxS are shown in Figure 4 and Table S3. The results show that the
total wet–dry deposition flux of PFHxS was the largest in July, which was 55.2 ng/m2. In
October, the deposition flux was the smallest at 23.7 ng/m2.

https://rp5.ru/
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The monthly mean wet deposition flux of PFHxS was 21.8 ± 16.2 ng/m2, which is
equivalent to that of Fuxin (8.40 ng/(m2 d) and Weifang (12 ng/(m2 d), but lower than that
of Xingtai (34 ng/(m2 d) [42]. The wet deposition in July contributed the most, accounting
for 35% of the half-year deposition flux, followed by August and September. The monthly
rainfall totals in July, August, and September were higher than 200 mm, significantly larger
than that in other months (Table S4), and the average monthly PFHxS concentration was
relatively high. Therefore, more rainfall washed PFHxS in the atmosphere, resulting in
higher monthly deposition flux than in other months. In November, the monthly average
concentration of PFHxS was high, but the wet deposition flux was the lowest, which was
mainly due to the sharp decrease in rainfall in November. The rainfall in other months and
the atmospheric concentrations of PFHxS were relatively low, so the wet deposition flux
was low. To sum up, the rainfall and atmospheric concentrations of PFHxS were the main
factors that affect the monthly wet deposition flux of PFHxS.

The average monthly dry deposition flux of PFHxS was 16.2 ± 5.38 ng/m2. The
maximum dry deposition flux of PFHxS in June was 22.7 ng/m2, accounting for 23% of the
half-year dry deposition flux, followed by November and August, accounting for 21% and
19%, respectively. Since we assumed that the dry deposition rate of the gas phase and the
particle phase of PFHxS in different months was the same (0.5 cm/s), the dry deposition
flux mainly depended on the total atmospheric concentrations in each month. The monthly
dry deposition flux was larger when the total atmospheric concentrations were higher, and
vice versa.

In this study, the precipitation samples from June to November were collected, in
which the average concentration of PFHxS was 0.19 ± 0.18 ng/L. The PFHxS level of
precipitation was estimated to be 0.15 ± 0.07 ng/L by the deposition model, which was
slightly lower than the precipitation samples. The possible reason is that only the PFHxS
partitioning on PM2.5 was collected and detected in this study. Particulate matters with a
diameter larger than 2.5 µm were not considered.

3.4. Health Risk Assessment of PFHxS

The daily intake ADD and HQ values of people of different ages were estimated
to assess the health risk of PFHxS. The results show that the ADDinh (3.47 × 10−4 to
8.55 × 10−4 ng/ (kg d)) of children was about twice that of adults (1.67 × 10−4 to
4.13 × 10−4 ng/ (kg d)), mainly due to the lower body weight (BW). The ADDing (9.13 × 10−2

to 0.30 ng/ (kg d)) and ADDder (2.56 × 10−4 to 8.52 × 10−4 ng/ (kg d)) values of children
were about six and four times that of adults (1.42 × 10−2 to 4.73 × 10−2 ng/ (kg d) and
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0.57 × 10−4 to 1.89 × 10−4 ng/ (kg d)). The main reasons were that the weight (BW) of
children was low and the skin adhesion factor (AF) of PFHxS particles was high. Among the
above exposure routes, the ingestion route was the most important source. The proportions
of children and adults were 99.4 and 98.6%, respectively. Respiration and skin contact were
both less than 1% in children. For adults, breathing accounted for 1.05% and skin contact
only accounted for 0.39%.

The HQ values of children and adults ranged between 0.75 × 10−5 and 2.13 × 10−5

and between 2.90 × 10−6 and 7.52 × 10−6, respectively. The HQ values were all far below
1, indicating that PFHxS in Beijing’s atmosphere has no obvious health impact on the
human body during the study period. However, the HQ value of children was one order
of magnitude higher than that of adults. Therefore, with the extensive use of PFHxS, the
atmospheric concentrations of PFHxS and its possible harmful effects on children should be
continuously investigated. In 2017, the POPs Convention put forward the adverse effects of
PFHxS on organisms [43], but there has been no reference dose (RfD) of PFHxS at present.
In this study, only particles with a diameter size of 2.5 µm or less were collected. However,
there are still coarse particles in the atmosphere, such as PM10. Furthermore, in addition
to respiration, ingestion, and skin contact, PFHxS can enter the human body through
drinking water or consuming food. Therefore, future health risk assessment research needs
to comprehensively consider the above factors and the health risk assessment results of
PFHxS will be more accurate.

4. Conclusions

In this study, the atmospheric concentrations of the gas and particle phases of PFHxS in
Beijing from June to November 2021 were continuously monitored. Then, the gas–particle
partitioning, the wet and dry deposition, and the health risk assessment of PFHxS were
discussed. Studies on the gas–particle partitioning process showed that the particulate
fraction ϕ of PFHxS was about 48% during the research period and that PFHxS was easier
to partition in the particles when the temperature was higher. Research on dry and wet
deposition found that the total and the wet deposition fluxes were the largest (55.2 ng/m2

and 46.3 ng/m2, respectively) in July because of the abundant precipitation. However,
due to the high atmospheric concentrations, the dry deposition flux of PFHxS was the
highest (22.7 ng/m2) in June. Finally, the health risk assessment of PFHxS during the
study period indicated that the atmospheric concentrations of PFHxS would not cause
adverse effects on human health, and the ingestion route was the most significant means
of PFHxS intake. However, with the extensive use of PFHxS as a substitute for PFOS, the
atmospheric concentrations of PFHxS and its possible harmful effects on children should
be continuously investigated.

In this research, only particles with diameter sizes of 2.5 µm or less were collected,
and sampling was not conducted in the winter and spring. Annual monitoring can be
carried out, and particles of other sizes should be collected to further study the air pollution
characteristics of PFHxS in the future. Furthermore, humans can intake PFHxS through
drinking water or food. Future health risk assessment research studies need to compre-
hensively consider the above factors to ensure that the assessment results will be more
scientific and accurate.
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by publications. Table S4: Wet–dry deposition flux of PFHxS [18–22,37,38,44–56].
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