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Abstract: In this work, the spatial distribution, potential sources, and risk assessment of perflu-
oroalkyl substances (PFASs) were investigated at 22 surface water sampling sites in Hefei City.
The study encompassed 11 distinct types of PFASs, which included 7 perfluoroalkyl carboxylic
acids (PFCAs) and 4 perfluoroalkyl sulfonic acids (PFSAs). The findings indicated that the overall
concentration of PFASs varied between 12.96 to 545.50 ng/L, with perfluorooctanoic acid (PFOA),
perfluorobutanesulfonic acid (PFBS), perfluorobutyric acid (PFBA), and perfluorohexanoic acid
(PFHxA) being the most prevalent, contributing to an average of 71% of the total PFASs concentra-
tion. Principal component analysis (PCA) elucidated the primary sources of PFASs, which included
industrial emissions, fluoropolymer production and treatment, textile processing, and the impact
of the electroplating industry. Employing the risk quotient (RQ) method facilitated the assessment
of ecological risks associated with PFASs in surface water within the study area, suggesting that
the current concentrations of PFASs in Hefei’s surface water pose a relatively low ecological risk.
However, the long-term ecological effects of PFASs cannot be overlooked due to their potential for
long-range transport and the cumulative nature of biological food chains.

Keywords: perfluoroalkyl substances; risk assessment; composition and distribution

1. Introduction

Perfluoroalkyl substances (PFASs) are a class of synthetic organic compounds that have
been extensively used throughout the last century in various sectors such as construction,
the chemical industry, textiles, and firefighting, due to their hydrophobic, oleophobic, and
highly stable properties [1]. Since the 1950s, the global production of PFASs has increased
exponentially, with the combined direct and indirect emissions of perfluorooctanesulfonic
acid (PFOS) and its precursors estimated to have reached approximately 14,338 tons by
2015 [2]. Over the past 70 years, the production and use of fluorinated products have
resulted in the discharge of more than 2600 tons of PFASs into aquatic environments [3].
Given their environmental persistence, propensity for long-distance dispersion, and po-
tential for bioaccumulation, PFASs persistently accumulate and magnify within the food
chain [4]. Moreover, their presence has been detected across various environmental medi-
ums, including soil, water, air, and living organisms [5–9].

With the production and widespread utilization of PFASs, there have been widespread
concerns regarding potential health risks associated with PFASs, encompassing immune-
and neurotoxicity, reproductive and developmental toxicity, endocrine disruption, and liver
toxicity. Studies have indicated that PFOS can impede the nervous system’s development
and conditioned reflexes in young animals, while perfluorooctanoic acid (PFOA) may
contribute to disruptions in lipid metabolism and mitochondrial energy processes [10,11].
Consequently, PFOS and PFOA have been successively added to the list of substances regu-
lated by the Stockholm Convention [12]. Nevertheless, due to the stability, hydrophobicity,
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and oleophobicity of PFASs, numerous countries worldwide continue their production
and utilization.

It is hypothesized that PFASs disseminate globally through the ocean-atmosphere
nexus, with water serving as the primary medium of transport [13]. Investigations have
revealed that concentrations of PFASs in rivers can reach several thousand nanograms
per liter [14,15]. A prior study disclosed that PFOA discharges in European river systems
aligned with previously documented regional emission projections [16], a pattern echoed
in the case of Lake Ontario [17]. Moreover, the PFAS levels detected within the Cape
Fear River basin in North Carolina suggest a multitude of sources distributed throughout
the catchment area [18]. Collectively, these observations indicate that PFASs are retained
within the aqueous phase and that their concentration profiles can be insightful for a
source analysis.

In recent years, industries such as textiles, electronics, and packaging have rapidly ad-
vanced in China, propelling it to become the world’s largest producer of fluorine-containing
products [19]. A significant portion of China’s PFAS production is attributed to cities [20].
Urban surface waters carry PFASs from industrial activities, as well as from direct or indi-
rect human discharges. Thus, urban surface waters in cities serve as an exemplary region
for assessing PFASs’ environmental exposure and monitoring pollution control efficacy.
Hefei, the capital city of Anhui Province in eastern China, spans an area of 11,445 km2

and boasts a population exceeding 9 million. In recent years, the city’s surface water
environment has faced significant pressure due to the accelerated urbanization and rapid
economic development.

This study focused on Hefei City to investigate the occurrence characteristics and
spatial distribution of 11 PFASs in its surface waters, aiming to evaluate the extent of
pollution within the region. The specific objectives included: (1) studying the content
and spatial distribution of PFASs; (2) identifying the types of pollution sources through a
Spearman correlation analysis, ratio method, and principal component analysis (PCA); and
(3) using the risk entropy method to assess the risk level of PFASs in the surface water of
Hefei city.

2. Materials and Methods
2.1. Consumables and Reagents

This study primarily employs the following consumables and reagents: 11 Perfluoro-
carboxylic acid Mix Solution (100 µg/mL, Alta Scientific Co., Ltd., Tianjin, China), Stable
Isotope Labeled 3 Perfluorocarboxylic acid Mix Solution (10 µg/mL Alta Scientific Co.,
Ltd., Tianjin, China), methanol (chromatographic purity, 99.9%, Fisher Chemical, Shanghai,
China), ammonia (analytical purity, Shanghai Hubilab Equipment Co. Ltd., Shanghai,
China), ammonium acetate (analytical purity, Tianjin Guangfu Science and Technology
Development Co. Ltd., Tianjin, China), weak anion exchange columns (Waters Oasis WAX,
6 cc, 150 mg, 30 µm, Waters Corp., Milford, MA, USA), etc.

The standard solution of PFASs contains 11 substances: Perfluorobutyric acid (PFBA), Per-
fluorovaleric acid (PFPA), Perfluorohexanoic acid (PFHxA), Perfluoroheptanoic acid (PFHpA),
Perfluorooctanoic acid (PFOA), Perfluorononanoic acid (PFNA), Perfluorodecanoic acid
(PFDA), Perfluorobutanesulfonic acid (PFBS), Perfluorohexane sulfonate (PFHxS), Perflu-
oroheptane sulfonate (PFHpS), and Perfluorooctanesulfonic acid (PFOS). Isotope mixing
internal standard solutions include: Perfluorohexanoic acid-13C2, Perfluorooctanoic acid-
1,2,3,4-13C4, abd Sodium Perfluorooctanesulfonate-1,2,3,4-13C4. Table S1 (in Supplementary
Materials) provides the full name, abbreviation, and commercial sources of individual PFASs
and internal standards.

2.2. Study Area and Sample Collection

In this study, a comprehensive examination of PFASs in the surface water within the
Hefei City area was conducted through the collection and analysis of water samples. The
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primary focus was on reservoir water and river water, which are critical sources of drinking
water and play significant roles in the ecosystem and human activities.

In Hefei City, 22 representative cross-sections of national, provincial, and municipal
control points were selected as sampling sites. Samples were collected from 4 December to
11 December 2023. Figure 1 shows the distribution of these sampling sites. Water samples
were gathered at various locations using a Plexiglas water sampler and, subsequently,
stored in polypropylene plastic containers for analysis. The water samples were then
conveyed to the laboratory and preserved in a cold storage environment maintained at
−4 ◦C. Table S2 (in Supplementary Materials) presents the precise latitude and longitude
data corresponding to each of the designated sampling locations.
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2.3. Sample Pre-Treatment

First, a 1 L water sample was measured, and 4.625 g of ammonium acetate was added.
Subsequently, all samples were supplemented with 10 ng of the isotope internal standard
solution. Additionally, a subset of samples designated for quality control received an extra
5 ng of the standard solution. The Oasis WAX solid-phase extraction columns were primed
by rinsing them with a series of solvents: 5 mL of a 0.1% methanolic ammonia solution,
followed by 7 mL of pure methanol, and, finally, 10 mL of ultrapure water, each used to
condition the columns prior to sample loading. The aqueous samples were enriched at a
rate of 8 mL/min. The column underwent a cleansing step with 5 mL of a 0.025 mol/L
ammonium acetate solution adjusted to pH 4.0, and, subsequently, it was washed with
12 mL of ultrapure water. Afterward, the SPE column was purged with nitrogen gas to
remove any residual solvent. The elution process followed, first with 5 mL of methanol,
and then with 7 mL of a 0.1% methanolic ammonia solution. The eluate was evaporated to
almost complete dryness before being reconstituted to a final volume of 1 mL, mixed using
a vortex mixer for 30 s, and prepared for analysis.

2.4. Instrumental Analysis

In this study, ultra-performance liquid chromatography–tandem mass spectrometry
(UPLC-MS/MS, 1290-6465B, Agilent, Shanghai, China) and a C18 column (ACQUITY
UPLC BEH C18, 2.1 mm × 50 mm, 1.7 µm, Waters Corp., Milford, MA, USA) were em-
ployed for the analysis of PFASs in water samples. The mobile phase was set as follows:
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0.00–0.50 min, 25.0% A phase (methanol), and 75.0% B phase (0.005 mmol/L ammonium
acetate solution); 0.50–10.00 min, A phase increased to 85.0%, and B phase decreased to
15.0%; from 10.00–10.50 min, phase A increased to 95.0%, and phase B decreased to 5.0%;
from 10.50–14.00 min, phase A was maintained at 95.0%, and, from 14.00–14.10 min, phase
A decreased to 25.0%, and phase B increased to 75.0%, and then was maintained for 2 min.
The apparatus was configured to operate in the negative ion mode using Electrospray
Ionization (ESI) as the ion source, utilizing the following parameters: sample injection
volume (10.00 µL), column temperature (40 ◦C), and flow rate (0.3 mL/min). Table S3 (in
Supplementary Materials) provides additional information on the machine parameters and
the structure of the target.

2.5. Quality Assurance and Quality Control

The research equipment, including the study vessels and the pipeline of the fully
automated solid-phase extractor, underwent thorough cleaning prior to use. This involved
rinsing with pure water and methanol, followed by drying to ensure all apparatuses
were free from contaminants that could affect the experimental outcomes. To ensure
accuracy in the analysis of the target PFASs compounds, a rigorous calibration process was
employed using three mixed internal standards. Each liter of water sample was fortified
with a consistent amount of 10 ng of the internal standard mixture to facilitate precise
quantification. A standard series spanning 1–100 µg/L calibration range was used to
quantify the native compounds. The 11 PFASs demonstrated excellent linearity (R2 > 0.997)
within the specified concentration range.

The limit of detection (LOD) and limit of quantification (LOQ) were determined based
on signal-to-noise (S/N) ratios of 3 and 10, respectively. The LOQ values span a range of
0.008 to 0.062 ng/L. Any sample exhibiting concentrations below the LOQ was classified
as non-detect (ND). The spiked recoveries ranged from 65.9% to 111.4%, with relative
standard deviation (RSD) of 3.5% to 15.6%. The results obtained from this study indicate
that the method can be effectively employed for the detection of PFAS in surface water
samples. In addition, a negative control and a positive control group were established in
the experiment. The negative control consisted of pure water without any PFASs to test the
specificity and sensitivity of the experimental system. The results of the negative control did
not show any detectable signal of PFASs, thereby excluding the possibility of non-specific
signals or laboratory contamination. The positive controls contained solutions of known
concentrations of PFASs and were used to validate the detectability and reproducibility
of the analytical method. The results from the analysis of parallel samples, along with
the inclusion of a process blank in each batch, further confirm the absence of any cross-
contamination or interference during the analysis. This finding indicates that the method
used is reliable and can accurately detect PFASs in surface water samples.

2.6. Statistical Analysis of Data

The statistical analysis of the experimental data was performed using IBM SPSS
Statistics, version 26. The Spearman’s rank correlation test was employed to assess the
relationship between the contents of each target variable. This study utilized the ratio
method and PCA to thoroughly investigate the potential sources of PFASs. OriginPro 2022
was used to visualize the content characteristics and perform source analysis (correlation
analysis) of the PFASs. Furthermore, the sampling locations of the PFASs were mapped
using ArcGIS Desktop 10.8 (ESRI, 2023).

2.7. Ecological Risk Assessment

The ecological risk of PFASs in the surface water of Hefei was evaluated using the risk
quotient method. At present, the risk quotient (RQ) method is widely used for ecological
risk assessment. Nevertheless, due to the limited availability of toxicity data related
to PFASs, only the predicted no-effect concentrations for a subset of five PFASs were
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determined. The calculation of risk quotients for these five PFASs in aquatic environments
was conducted as follows [21]:

RQ =
MEC
PNEC

where MEC is the measured environmental concentration of perfluorinated compounds
and PNEC is the predicted no-effect concentration.

3. Results and Discussion
3.1. Levels and Congener Pattern of PFASs

Table S4 (in Supplementary Materials) presents a summary of the content and detection
rates of PFASs in the surface water of Hefei. This study encompassed 11 distinct types
of PFASs, which included 7 perfluoroalkyl carboxylic acids (PFCAs) and 4 perfluoroalkyl
sulfonic acids (PFSAs). The research results indicated that all 11PFASs were present in the
study area. Specifically speaking, PFBA, PFPA, PFHxA, PFHpA, PFOA, PFNA, PFDeA, and
PFOS were detected in 100% of samples. Subsequently, PFDA was found in 86.4 percent of
samples, while PFHxS and PFHpS were detected in 81.8 percent and 50 percent of samples,
respectively.

The measured levels of the total 11 polyfluoroalkyl substances (Σ11PFASs) in the
surface water samples varied within a range of 12.96 to 545.50 ng/L, with an average
concentration of 80.09 ng/L and a median value of 54.84 ng/L. The PFAS levels observed
in the study region were comparable to concentrations reported from other areas within
China [22,23], such as Taihu Lake [24] (164–299 ng/L, 7 PFASs detected), Han River [25]
(8.9–568 ng/L, 8 PFASs detected), and Changshu [26] (139.1–721.4 ng/L, 14 PFASs de-
tected). The mean concentration of ΣPFASs in this study, amounting to 80.09 ng/L, is
substantially lower than ΣPFASs in Shanghai’s Huangpu River, which has an average
value of 226.3 ng/L [27]. The observed discrepancy can be attributed to Shanghai’s status
as one of the economic hubs of China. It is characterized by a robust regional economy
and advanced industrialization, which consequently has some impact on the surrounding
environment. Furthermore, due to the Huangpu River’s positioning at the lower course of
the Yangtze River, it acts as a recipient of substantial quantities of PFASs originating from
upstream sources.

The composition and distribution of individual PFASs in the water samples at each
sampling site are depicted in Figure 2. Short-chain PFASs, defined as those with a carbon
number less than or equal to 8, constituted a significant portion, representing 92% of the
total PFASs on average. PFOA, PFBS, PFHxA, and PFBA predominantly contributed to the
overall PFAS levels within the short-chain compound group, cumulatively representing
an average of 71%. The concentrations of PFOA varied from 3.78 to 53.2 ng/L, which
were lower than the levels reported in other rivers within Spain and Ghana [28–31]. The
concentrations of PFBS varied between 0.47 ng/L and 102.2 ng/L, while those of PFHxA
spanned from 1.63 ng/L to 183.4 ng/L, and the PFBA levels were recorded between
1.06 ng/L and 99.2 ng/L. The observed phenomenon could be attributed to the enhanced
solubility and increased mobility of short-chain PFASs in comparison to their long-chain
counterparts [32]. Notably, among the PFASs detected in aquatic environments, short-
chain variants were predominant. This trend suggests that novel short-chain PFASs have
progressively supplanted the traditional long-chain varieties and have been detected in
substantial concentrations within the aqueous milieu [33]. The composition of PFASs in
other studies exhibited a similar pattern [34].
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3.2. Spatial Distribution of PFASs

Figure 3 displays the spatial patterns of the total 11 PFASs across the aquatic environ-
ments in the research zone. The most elevated level of PFASs was observed at point W12,
with a value of 545.5 ng/L, significantly exceeding the concentrations at other sampling
points. This was followed by W9 (173.12 ng/L) and W1 (161.93 ng/L), while the remaining
19 points exhibited PFAS concentrations ranging from 10 to 100 ng/L.
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The predominant contributors to the elevated PFAS levels at sampling point W12
were PFBA (99.20 ng/L), PFPA (193.80 ng/L), and PFHxA (183.40 ng/L). The particular
site is positioned on the Lujiang County River, downstream from many industrial parks,
which may lead to increased PFAS concentrations due to effluents from upstream industrial
activities. Additionally, the Ketan River, which flows through the southwestern part of
Lujiang County River and is another significant waterway in the region, also exhibited
elevated PFAS levels at sampling point W9.

It is noteworthy that the sampling point W1 is located near the Innovation Indus-
trial Park within the Feixi Economic Development Zone, an area with a concentration of
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diverse industrial sectors. The industrial sectors in this area encompass a range of strate-
gic emerging industries, including new energy vehicles, photovoltaic energy, high-end
intelligent manufacturing, and biomedicine, among others. Among these, the semicon-
ductor manufacturing and advanced new energy vehicle parts manufacturing industries
may potentially contribute to the release of PFASs. The wastewater containing PFASs, if
discharged into the proximate river, could influence the levels of PFASs at sampling point
W1. Consequently, elevated concentrations of PFASs were detected at this site, with the
maximum concentration observed for PFBS (102.20 ng/L). This suggests that PFBS has
increasingly been used as an alternative to PFOS in the region.

3.3. Analysis of the Sources of PFASs

Surface water contamination with PFASs is primarily attributed to industrial dis-
charges, municipal wastewater discharges, and surface runoff ingress [35]. The precise
identification of pollutant sources facilitates prompt pollution mitigation.

Currently, a correlation analysis of PFASs is extensively employed to deduce potential
sources of these compounds in aquatic environments [36]. In this study, water samples
collected in December were analyzed, and the Spearman correlation coefficients for PFASs
in the water are depicted in Figure 4. Notably, PFOS exhibited a significant correlation
with PFHxA (p < 0.01). As illustrated in Figure 4, PFBA displayed significant positive
correlations with PFPA, PFHxA, PFHpA, PFOA, and PFBS (p < 0.01). PFPA was also
positively correlated with PFHxA, PFHpA, PFOA, PFNA, and PFBS (p < 0.01). Further,
PFHxA exhibited significant positive associations with PFHpA, PFOA, and PFBS (p < 0.01).
Additionally, PFDA displayed a significant correlation with PFBS (p < 0.01), and PFOS was
positively linked to PFBS, PFHxA, and PFHpA (p < 0.01), suggesting a common origin for
these compounds.
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The ratio method is another crucial technique for investigating the origins of PFASs [37].
The ratios of PFOS to PFOA, PFOA to PFNA, and PFHpA to PFOA have been extensively
utilized in the environmental source analysis of PFASs. Typically, the PFOS/PFOA ratio
is used to identify potential sources of PFASs, where a ratio greater than 1 suggests point
source pollution by PFOS, whereas a ratio less than 1 implies a rainfall contribution [38].
As depicted in Figure 5, the PFOS/PFOA values at sampling points W2, W11, and W13
were greater than 1, indicating their susceptibility to point source pollution. Conversely, the
PFOS/PFOA values at the remaining sites were less than 1, which signifies that rainfall had
a more pronounced impact on the variation of PFAS concentrations in surface water across
most regions of Hefei City. The PFOA/PFNA ratio, ranging between 7 and 15, denotes
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direct discharge from industrial activities [39]. The PFOA/PFNA ratios at sampling points
W1, W5, W6, W12, and W16 in this study fell within this range, suggesting that PFASs
at these locations primarily stemmed from local factory effluents. Additionally, we also
employed the PFHpA/PFOA ratio to evaluate the contribution of atmospheric deposition.
All calculated ratios being below 1 indicate that atmospheric deposition is an unlikely
primary source of PFASs in the investigated area.

Water 2024, 16, x FOR PEER REVIEW 8 of 11 
 

 

extensively utilized in the environmental source analysis of PFASs. Typically, the 
PFOS/PFOA ratio is used to identify potential sources of PFASs, where a ratio greater than 
1 suggests point source pollution by PFOS, whereas a ratio less than 1 implies a rainfall 
contribution [38]. As depicted in Figure 5, the PFOS/PFOA values at sampling points W2, 
W11, and W13 were greater than 1, indicating their susceptibility to point source pollu-
tion. Conversely, the PFOS/PFOA values at the remaining sites were less than 1, which 
signifies that rainfall had a more pronounced impact on the variation of PFAS concentra-
tions in surface water across most regions of Hefei City. The PFOA/PFNA ratio, ranging 
between 7 and 15, denotes direct discharge from industrial activities [39]. The 
PFOA/PFNA ratios at sampling points W1, W5, W6, W12, and W16 in this study fell 
within this range, suggesting that PFASs at these locations primarily stemmed from local 
factory effluents. Additionally, we also employed the PFHpA/PFOA ratio to evaluate the 
contribution of atmospheric deposition. All calculated ratios being below 1 indicate that 
atmospheric deposition is an unlikely primary source of PFASs in the investigated area. 

 
Figure 5. Ratio of PFOS/PFOA, PFOA/PFNA, and PFHpA/PFOA at each site. 

Apart from the ratio method, this study explored the possible sources of PFASs in 
Hefei’s surface water by utilizing PCA. Excluding PFHxS and PFHpS due to their signifi-
cantly lower detection concentrations, the analysis subjected the remaining PFASs to PCA, 
which identified four principal components (PC1, PC2, PC3, and PC4), cumulatively ex-
plaining 91.8% of the total variance. PC1, accounting for 47.6% of the variance, was char-
acterized by short-chain PFCAs, including PFBA, PFPA, PFHxA, PFHpA, and PFOA. 
Among these, PFBA, PFPA, PFHxA, and PFHpA have been increasingly employed in in-
dustrial production in recent years as substitutes for long-chain PFASs [40]. Meanwhile, 
PFOA is primarily released into the environment during the production and use of fluor-
opolymers and related products worldwide. Consequently, PC1 is interpreted as repre-
sentative of industrial production emissions. PC2, explaining 23.2% of the variance, was 
dominated by PFNA and PFDA. Historically, PFNA has been a crucial “processing aid” 
in fluoropolymer production [41], while PFDA is considered a degradation product of 
precursors due to its limited production [42]; hence, PC2 is suggestive of fluoropolymer 
processing aid emissions. PC3, contributing 12.1% to the total variance, was primarily in-
fluenced by PFOS, commonly used in textile, leather, and carpet treatments, as well as 

Figure 5. Ratio of PFOS/PFOA, PFOA/PFNA, and PFHpA/PFOA at each site.

Apart from the ratio method, this study explored the possible sources of PFASs in
Hefei’s surface water by utilizing PCA. Excluding PFHxS and PFHpS due to their sig-
nificantly lower detection concentrations, the analysis subjected the remaining PFASs to
PCA, which identified four principal components (PC1, PC2, PC3, and PC4), cumulatively
explaining 91.8% of the total variance. PC1, accounting for 47.6% of the variance, was
characterized by short-chain PFCAs, including PFBA, PFPA, PFHxA, PFHpA, and PFOA.
Among these, PFBA, PFPA, PFHxA, and PFHpA have been increasingly employed in indus-
trial production in recent years as substitutes for long-chain PFASs [40]. Meanwhile, PFOA
is primarily released into the environment during the production and use of fluoropolymers
and related products worldwide. Consequently, PC1 is interpreted as representative of
industrial production emissions. PC2, explaining 23.2% of the variance, was dominated by
PFNA and PFDA. Historically, PFNA has been a crucial “processing aid” in fluoropoly-
mer production [41], while PFDA is considered a degradation product of precursors due
to its limited production [42]; hence, PC2 is suggestive of fluoropolymer processing aid
emissions. PC3, contributing 12.1% to the total variance, was primarily influenced by
PFOS, commonly used in textile, leather, and carpet treatments, as well as metal plating
processes [43], thus indicating a combined contribution from these applications. Lastly,
PC4, constituting 9.0% of the variance, was chiefly represented by PFBS, predominantly
employed as an anti-fog agent in the electroplating sector to control hexavalent chromium
emissions [44], rendering it an indicator of electroplating industry discharges.

The three sampling points with the highest PFAS content are W1, W9, and W12.
Among these, PC1 exhibits the highest loading value at W12, suggesting that the W12 site is
predominantly influenced by industrial discharges. Both PC2 and PC4 display comparable
loading values at W1, indicating that this location experiences concurrent impacts from
fluoropolymer processing additives and the electroplating sector. The preponderance of
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PC2’s loading value at site W9 over other components confirms that W9 is substantially
influenced by fluoropolymer processing contamination.

3.4. Ecological Risk Assessment of PFASs

According to research by Brooke et al. [45], Cao Ying et al. [46], and Sun et al. [47],
the PNEC values for PFOA, PFOS, PFNA, PFHxA, and PFDA in water are 570,000 ng/L,
25,000 ng/L, 100,000 ng/L, 97,000 ng/L, and 11,000 ng/L, respectively. The current study
assesses the risk quotient for these compounds in water. The ecological risks associated
with PFOA, PFOS, PFNA, PFHxA, and PFDA in water bodies were evaluated using the
risk quotient method (as shown in Table S5). The findings revealed that the RQ values for
these compounds were significantly less than 0.1 [48], suggesting that the PFASs present in
the surface waters of Hefei City do not pose ecological risks to aquatic organisms such as
fish. However, the long-term ecological effects of PFASs cannot be overlooked due to their
potential for long-range transport and the cumulative nature of biological food chains.

4. Conclusions

This investigation detected 11 distinct PFASs in the surface water samples obtained
from Hefei, indicating a widespread presence of these compounds within the region’s
surface water bodies. The total concentrations of the 11 PFASs varied between 12.96 and
545.50 ng/L, averaging at 80.09 ng/L with a median value of 54.84 ng/L. The surface water
PFAS levels in Hefei are comparable to those observed in most other regions across China.

Overall, the spatial distribution of PFASs in the surface water of Hefei was relatively
uniform, with only a few exceptions at certain sites. Utilizing the Spearman correlation
analysis, ratio method, and PCA enabled the identification of primary PFAS sources in
Hefei’s surface water, which include industrial emissions, fluoropolymer processing, textile
treatments, and the electroplating industry. The RQ values were calculated using the risk
entropy method to assess the potential ecological risks of PFASs in the surface water of
Hefei city. The findings revealed that the RQ values for various PFASs were significantly
below 0.1, suggesting that perfluorinated compounds present in Hefei’s surface water
bodies are unlikely to pose a detrimental impact on the local ecosystem. However, the long-
term ecological effects of PFASs cannot be overlooked due to their potential for long-range
transport and the cumulative nature of biological food chains. Sustained monitoring and
scholarly research will continue to be essential for a comprehensive understanding of the
persistent ecological implications caused by PFASs within Hefei’s aquatic environments.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/w16091245/s1, Table S1: The full name, abbreviation, and com-
mercial sources of individual PFASs and internal standards; Table S2: Specific geographic locations
of sampling sites; Table S3: Structural information on the target and instrument parameter settings;
Table S4: Concentration range and detection rate of PFASs in surface water (ng/L); Table S5: Risk
quotients for PFOA, PFOS, PFNA, PFHxA and PFDA at each site.
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