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Materials and Methods
Materials
[bookmark: OLE_LINK36]Per- and poly-fluoroalkyl substances (PFAS) were directly purchased from vendors and used without further purification. Perfluorooctanoic acid (PFOA, 95%) powder, perfluorooctanesulfonic acid (PFOS, 100 μg/mL in methanol) solution, perfluorobutanoic acid (PFBA, 98%) solution, and perfluorobutanesulfonic acid (PFBS, 97%) solution were purchased from Sigma-Aldrich. Hexafluoropropylene oxide dimer acid (GenX, 90%) solution was purchased from LGC Group. The Polydimethylsiloxane (PDMS) (SYLGARDTM 184) was obtained from Dow Corning Corporation. Sodium chloride (NaCl) (≥99.0%, ACS) and potassium chloride (KCl) (99.0-100.5%, ACS) were purchased from VWR Chemicals BDH. Calcium chloride (CaCl2) (≥99.0%, dihydrate) was obtained from Fisher BioReagents. Magnesium chloride (MgCl2) (98%, anhydrous) was purchased from VWR Life Science. Sodium sulfate (Na2SO4) (≥99.0%, ACS) and sodium bicarbonate (NaHCO3) (≥99.7%, ACS) were purchased from Sigma-Aldrich. Deionized (DI) water was obtained from a Mili-Q-plus purification system (Millipore Sigma, USA) (≥18.2 MΩ·cm at 25 °C). 
PDMS substrate preparation
The PDMS substrate for PFAS capturing was prepared using the spin-coating method on a SiO2/Si wafer. The dimethylsiloxane (DMS) monomer and cross-linking agent were mixed in a fixed volume ratio of 10:1. After thorough stirring, the mixture underwent five cycles of degassing in a vacuum chamber. Subsequently, the solution was dropped onto the SiO2/Si wafer for spin coating. The spin-coating process began with an acceleration speed of 500 rpm/s and reached a spinning speed of 4000 rpm. The overall spin-coating time is 1 minute. Finally, the sample was cured on a hot plate at 100 °C for 5 minutes.
PFAS-spiked solution preparation
[bookmark: OLE_LINK22]0.28 g of PFAS (powder or liquid format) was dissolved in 1000 mL DI water using a polypropylene volumetric flask, yielding a PFAS-spiked solution with a concentration of 2.8 × 10-1 g/L. The solution was agitated in a vortex mixer for 15 minutes and in a sonication bath (40 kHz, 60 W) for 15 minutes to dissolve PFAS. To prepare a diluted PFAS-spiked solution of 2.8 × 10-2 g/L, 100 mL of the 2.8 × 10-1 g/L PFAS-spiked solution was transferred into another 1000 mL volumetric flask followed by adding 900 mL DI water. Afterward, the diluted solution was agitated in a sonication bath for 15 minutes. This dilution process was repeated to obtain progressively lower concentrations of PFAS-spiked solution down to 2.8 × 10-21 g/L.
[bookmark: OLE_LINK29]PFAS-adsorbed PDMS substrate preparation
PFAS-spiked DI water solution with a designated concentration was placed in a 50 mL polypropylene tube. The tube was placed in a sonication bath (40 kHz, 60 W) and underwent a 15-minute sonication followed by vortex mixing to ensure homogeneous dispersion of PFAS in the solution. Then the PDMS (on a SiO2/Si wafer) substrate was submerged in the solution. To ensure a uniform PFAS adsorption on the PDMS surface, the substrate was dipped vertically at approximately 1.5 m/min and the sonication was turned on throughout the PFAS adsorption process. Two adsorption times (tadsorption) were adopted: 10 min and 2 min. In this process, the PDMS substrate was in the solution throughout the entire adsorption time. It is different from a traditional dip coating, where the substrate is withdrawn completely from the solution leading to evaporation-driven deposition 1. Afterward, the PFAS-adsorbed PDMS (PFAS@PDMS) substrate was removed from the solution and thoroughly rinsed with DI water to eliminate any non-adhered PFAS molecules. The sample was then dried using nitrogen gas.
Roughness determination of PDMS substrates
[bookmark: OLE_LINK33]The roughness (Rq) of spin-coated PDMS on a SiO2/Si wafer is obtained by atomic force microscopy (AFM) (Park Systems NX10) in a non-contact mode. The Rq is calculated using Gwyddion 2.58 software.   
Confocal Raman measurement 
[bookmark: OLE_LINK31]The Raman characterizations of both PDMS and PFAS@PDMS substrates were conducted using a Confocal Raman Microscope (CRM, WITec 540alpha300). To ensure the reliability of the measurement and compare the result of the same point, the motorized stage of CRM was used to identify the same point on a PDMS substrate before and after the PFAS adsorption. Three distinct regions (Area: 20 μm × 20 μm) were selected with five points within each region for the measurements. Therefore, for each concentration, at least 15 data points were measured. In a routine measurement, the laser wavelength is fixed to 532 nm (laser power: 3 mW) with an integration time of 10 seconds and an accumulation time of 1. We have also studied the influence of laser power, where the laser power is changed from 0.1 mW to 5 mW as shown in fig. S7, while other parameters remain the same. The enhancement in Raman intensity (RE) was quantitatively assessed using the formula: , where I and I0 are the Raman signal intensity of symmetric (or asymmetric) stretching mode of methyl groups on PFAS@PDMS and PDMS.
Limit of detection (LOD) determination 
The limit of detection (LOD) of MPRS was calculated according to the concentration corresponding to three-fold water background (RE = 0.6%) in the linear fitting curve. In detail, a linear fitting curve can be obtained with . The LOD is the concentration corresponding to three-fold water background (blank) in the linear fitting curve of Fig. 2a. When tadsorption = 2 min, a and b are 0.29147 and 4.23837. When tadsorption = 10 min, a and b are 0.66184 and 11.35512. 
Liquid chromatography/tandem mass spectrometry (LC-MS/MS)
The analytical method of PFOA was adopted from Gravesen et al. 2. All sample cleanup and analysis protocols were conducted in alignment with EPA draft Method 1633.3. Water samples were passed through mixed-mode weak-anion exchange and solid-phase extraction (SPE) cartridges, followed by elution by acetonitrile with 5% ammonium hydroxide. Interfering substances in the extracts were removed by SPE and further cleaned up with powdered activated carbon. The extracts were evaporated under nitrogen gas and reconstituted for PFAS analysis by a Nexera XR liquid chromatography system coupled to aLCMS-8040 mass spectrometer (Shimadzu, MD, USA). The electrospray ionization (ESI) was operated in negative ionization mode under multiple reaction monitoring (MRM). The mobile phases were (A) H2O 20 mM ammonium acetate buffer and (B) methanol. The sample injection volume was 20 µL, and the flow rate was 0.4 µL/min with oven temperature at 40 °C. Quantitative analysis was performed with LabSoultions software, and MS Information of the compounds analyzed can be found in table S1. Analytical sequences included instrument blanks, instrument sensitivity checks, calibration verification standards, qualitative identification standards, method blanks, ongoing precision and recovery standards, and experimental samples.
Time-of-flight secondary ion mass spectrometry (ToF-SIMS) analysis
ToF-SIMS analyses were performed on an ION-TOF TOF.SIMS 5-100 (ION-TOF USA INC., Chestnut Ridge, NY, USA) instrument at the Surface Analysis Facility, University of Delaware. 30 kV Bi3+ was used for analyzing a 200 × 200 μm area at a 512 × 512 pixel density. An electron flood gun was used to neutralize charges build-up following sputter and analysis cycles. Negative secondary ions were collected.
Models and computational methods
The molecular dynamics (MD) model for simulating PFOA adsorption consisted of a PDMS substrate and a liquid environment containing PFOA substances. The simulation box dimensions were 65.99 Å (length) × 65.99 Å (width) × 108.50 Å (height), with periodic boundary conditions applied in all three spatial directions. The amorphous PDMS model contains 20 chains, each with 50 repeating units. The PDMS model underwent energy minimization and relaxation to achieve the desired density with atomistic surface roughness, resulting in a relaxed PDMS substrate approximately 30 Å thick. The PFOA molecule was obtained from the National Center for Biotechnology Information 4 and generated using Moltemplate 5. The system was filled with 10207 water molecules and 50 PFOA molecules, yielding a PFOA concentration of 0.271 mol/L. For comparative analysis, a control system without PFOA was also constructed. The equilibrium molecular dynamics (EMD) simulations revealed the adsorption configuration of the PFOA molecules on the PDMS substrate, which subsequently served as the initial structure for density functional theory (DFT) calculations. The DFT model contains one PFOA molecule and one adjacent PDMS chain, which are from the EMD results of PFOA adsorption. The model comprised a 20 Å × 20 Å × 40 Å supercell, incorporating a vacuum layer of at least 20 Å to prevent interactions with periodic images. Periodic boundary conditions were consistently applied in the DFT calculations.
Classical MD simulations were performed using the large-scale atomic/molecular massively parallel simulator (LAMMPS) 6 to study PFOA adsorption on PDMS substrate. PFOA was modeled using the optimized potentials for liquid simulations all-atom (OPLS-AA) force field 7, renowned for accurately describing interactions between adsorbents and PFAS 8-11. Water molecules were represented using the SPC/E model 12, known for its effective combination with the OPLS-AA force field to predict solution and transport properties such as diffusion coefficients 13. The SHAKE algorithm 14,15 was employed to maintain the O-H bond lengths and H-O-H bond angles in water molecules. PDMS was modeled with the explicit-atom Buckingham force field developed by Smith et al., which has shown high accuracy for PDMS interfacial calculations 16-18. These force fields describe atomic non-bonded interactions considering the Lennard-Jones (LJ) potential and the electrostatic interactions with partial charges, detailed in table S3. The LJ interactions between different atom types were determined using the Lorentz-Berthelot combining rules. A cut-off distance of 10 Å was employed for both the LJ and Coulombic terms. Long-range interactions were handled by the particle-particle particle-mesh (PPPM) algorithm with a precision of 10-5 19. The simulation was carried out under the NPT ensemble at a temperature of 293.15 K, maintained by the Nosé-Hoover thermostat with a damping parameter of 100 fs.  The pressure of 1 atm was controlled by the Nosé-Hoover barostat with a damping parameter of 1000 fs.  The time step for the simulation was set as 1 fs. Initially, the PDMS-water system was equilibrated over 20 ns to achieve stable configurations. Following equilibration, PFOA molecules were introduced and positioned 20 Å away from the PDMS surface. Subsequently, MD simulations were performed for 30 ns to investigate the adsorption process.
Density functional theory (DFT) calculations (Quantum Ab Initio (AI) Calculations) were conducted to explore the PFOA adsorption mechanisms 20,21, using the plane-wave-based Vienna Ab initio Simulation Package (VASP) 22,23. The generalized gradient approximation (GGA) in the scheme of Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional 24-26 was employed to describe the exchange-correlation potential. The projected augmented wave (PAW) method 23,27 was used to describe the ionic core-valence interactions. Integration over the Brillouin zone was performed using a 3 × 1 × 1 Monkhorst-Pack (MP) k-mesh 28,29, which was refined to 6 × 2 × 2 k-points for density of states (DOS) calculations. The valence wave functions near the atomic cores were expanded as a linear combination of plane waves, with an energy cutoff of 400 eV. Partial occupancies of the Kohn-Sham orbitals were treated using the Gaussian smearing method with a smearing width of 0.1 eV. For geometry optimization, the conjugate gradient algorithm was used to relax atomic positions until the Hellmann-Feynman forces on each atom were below 0.02 eV/Å. Electronic energy was considered self-consistent when the change in energy between consecutive steps was less than 10−6 eV. The electronic density of states (DOS) was analyzed using the linear tetrahedron method with Blöchl corrections to determine the partial occupancies for each orbital. Charge density difference was calculated by comparing charge densities before and after PFOA adsorption, i.e., , where   and  are charge densities of the PDMS and PFOA molecules when isolated, while  is charge densities after adsorption.
Surface water collection and analysis
Surface water (SW) was collected using a polypropylene tube from a pool in West Windsor township, New Jersey, USA (40.310326°, -74.644474°). After collection, the SW was stored in refrigerator without further purification before use. A small portion of SW was removed from the PP bottle and passed through nylon syringe filters with a pore size of 0.45 µm (VWR, Radnor, PA) for the analysis of ionic content (i.e., cation and anion), non-purgeable organic carbon (NPOC), and inorganic carbon. 
[bookmark: OLE_LINK12]The cation analysis of SW was conducted using High Performance Liquid Chromatography (HPLC, Shidmadzu) coupled with conductivity detector (CDD-10AVP) using a Shodex YS-50 cationic column with 4 mM methanesulfonic acid as a mobile phase. The flow rate and oven temperature were set at 1 mL/min and 40 °C, respectively. After calibrating the SW species using the standard calibration curve (r2>0.995), we reported the cation species listed in Table S5. 
[bookmark: OLE_LINK16]The anion analysis of SW was conducted using Shidmadzu HPLC coupled with conductivity detector (CDD-10AVP) using a Shodex SI52 4E anionic column with 3.6 mM sodium carbonate as a mobile phase. The flow rate and oven temperature were set at 0.9 mL/min and 45 °C, respectively. All analyzed anions showed distinctive peaks during analysis, except for HCO3-, which the present concentration is not sensitive enough to be quantified through IC. Although NO2-, Br-, NO3-, PO43- were also detected in the surface water sample, only Cl- and SO42- are quantified shown in Table S6.  
The NPOC analysis was performed on a Shimadzu TOC-L machine with combustion temperature of 680 °C using catalytic oxidation method. The generated CO2 was detected by non-dispersive infrared detection (NDIR) method. The SW was analyzed without dilution, which peak areas were calibrated with a standard curve from 0-50 ppm using a standard TOC solution (potassium hydrogen phthalate). The results are shown in Table S7. The analysis of NPOC standard is for validation of our values, which showed minimum systematic error (<3%). The surface water has 7.3 ± 0.4 ppm of NPOC, which is slightly higher than typical surface water TOC range (3-5 ppm) but still in a rational range 30.
The analysis of inorganic carbon was also performed on a Shimadzu TOC-L machine. The injected samples were firstly undergoing acidification to pH below 3 using 3% of 2N HCl solution. Subsequently, the samples were sufficiently sparged to isolate the CO2, which was cooled and humidified for NDIR detection. The results are shown in Table S8. 
The result of inorganic carbon represents the total carbonate concentration in the surface water system.  The pH of the surface water is 7.42, while the HCO3– concentration is calculated by the following equation:

which the Ct represents the total concentration of inorganic carbon (325.8 ± 2.1 µM), the [H]+ represents the proton concentration (10–7.42 M), Ka1 and Ka2 represent the two equilibrium constants for HCO3– and CO32– in carbonate buffer system, which are 6.3 and 10.3, respectively. The activity of ions is assumed to be 1 (ideal solution) for our samples. 
The concentration of HCO3– is calculated to be [HCO3–] = 306.2 ± 2.3 µM, which accounts for 94% of the total inorganic carbon in the surface water sample. The alkalinity is calculated to be [Alk]0 = 15.3 ppm as CaCO3.
Human blood collection and PFOA-spiked blood preparation
Human blood was collected from de-identified umbilical cords and placenta tissue, which were obtained from healthy, consenting donors. The tissue collection process was meticulously carried out according to the approval from both the Villanova Institutional Biosafety Committee (IBC) and Lankenau Institute for Medical Research (Wynewood, PA). Blood samples were taken from donated tissue within 3 hours of cesarean section procedures to ensure the highest quality and integrity of the specimens. The whole blood was collected using sterile tools to prevent any contamination, and then promptly stored at -20 °C to preserve the biological and chemical properties of the blood until it was time for experimentation. When the experiment was ready to be conducted, the stored blood samples were carefully thawed to maintain their integrity. 
[bookmark: OLE_LINK35]The PFOA-spiked blood was prepared with known PFOA concentrations of 2.8 × 10-9 and 2.8 × 10-1 g/L. In detail, 2.8 mg PFOA powder was added into 10 mL stored blood (in a polypropylene tube), followed by agitation in a vortex mixer for 15 minutes and in a sonication bath (40 kHz, 60 W) for 15 minutes, to obtain the 2.8 × 10-1 g/L PFOA-spiked blood sample. For a concentration of 2.8 × 10-9 g/L PFOA in blood, the stored blood was added to 0.1 ml PFOA solution with a concentration of 2.8 × 10-7 g/L to obtain a mixed blood sample with a 10 mL volume. The agitation in a vortex mixer for 15 minutes and in a sonication bath (40 kHz, 60 W) for 15 minutes were employed.

Portable Raman measurement
[bookmark: OLE_LINK8]PDMS and PFOA@PDMS samples were conducted using a Portable Raman Microscope (PRM, Anton Paar, Cora 5001). Five random points for each sample were selected for testing. The laser wavelength was set to 532 nm with a laser power of 50 mW, an integration time of 10 seconds, and an accumulation time of 1. The enhancement in Raman intensity (RE) was quantitatively assessed using the formula: , where I and I0 are the Raman signal intensity of the symmetric stretching mode of methyl groups on PFOA@PDMS and PDMS. 
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Fig. S1 | Atomic force microscopy (AFM) images of spin-coated PDMS film on a SiO2/Si wafer. a, PDMS. b, PFOA@PDMS (tadsorption = 10 min, CPFOA = 2.8 × 10-9 g/L). Scale bars, 100 nm. The images and Rq roughness based on 500 nm × 500 nm areas are processed using Gwyddion 2.58 software. The Rq roughness of 0.2 nm remains unchanged before and after PFOA adsorption on PDMS substrates. The small roughness before PFOA adsorption indicates molecularly flat surfaces of PDMS. The unchanged roughness after PFOA adsorption suggests uniform PFOA distribution on PDMS.
[image: ]
Fig. S2 | PFOA adsorption on PDMS from PFOA-spiked DI water with shorting adsorption time (tadsorption = 2 min, CPFOA = 2.8 × 10-9 g/L). a, Raman spectra of PDMS and PFOA@PDMS. With shorting adsorption time, RE reduces to 1.6% at 2902.8 cm-1. b, ToF-SIMS mapping of PFOA@PDMS for F- (m/z- = 18.999). Scale bar, 50 μm. c, Integrated ToF-SIMS spectra of F- for PDMS and PFOA@PDMS.
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[bookmark: OLE_LINK17]Fig. S3 | Effect of laser power on the RE and I0 at 2902.8 cm-1. For all laser powers, the PFOA processing parameters are fixed, i.e., CPFOA = 2.8 × 10-9 g/L and tadsorption = 2 min. RE values experience a nonlinear increase at first and then reach a plateau when the laser power increases to 1 mW and beyond. With low laser power (e.g., 0.1 to 0.5 mW), RE values are lower than 1% with large variations. Once reaching the plateau, RE values are independent of laser power, i.e., 1.61% for 1 mW, 1.66% for 2 mW, 1.63% for 3 mW, and 1.64 for 5 mW, despite the different initial I0 values caused by different laser powers. This phenomenon indicates RE is a reliable evaluation criterion for PFAS adsorption and can tolerate laser power variation in a certain range (e.g., 1 mW to 5 mW in the current work).  
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Fig. S4 | Evaluation of instrument noise. 200 cyclic measurements were conducted at a fixed location on a pristine PDMS substrate. The integration time is 10 s and an accumulation time of 1 for each cycle.  There is a 2 s interval between cycles. Raman intensity of 2902.8 cm-1 peak of each cycle was recorded. The calculated mean Raman intensity (Imean) is 4646.5, with a standard deviation (ISD) of 23.4. The coefficient of variation (CV), calculated as , is 0.5%. This CV value primarily reflects instrument perturbations.
[image: ]
Fig. S5 | Integrated ToF-SIMS spectra of F- of pristine PDMS and PDMS dipped in DI water for 2 min. The overlapping F- signals suggest no detectable F- exists in DI water. More importantly, it proves that the increased signal of F- on PDMS substrate dipped in PFOA-spiked solution truly comes from adsorbed PFOA molecules.

[image: ]
Fig. S6 | Zoom-in Raman spectra of PDMS and PFOA@PDMS at 2964.4 cm-1 from Fig. 1b (tadsorption = 10 min, CPFOA = 2.8 × 10-9 g/L). 
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Fig. S7 | Water background generated by DI water. RE = 0.6% ± 0.9% for PDMS dipped in DI water for 2 min.   

[image: ]
Fig. S8 | ToF-SIMS mapping and integrated spectra of F- ions for different PFAS species adsorbed on PDMS. a, b, PFOS@PDMS. c, d, PFBS@PDMS. e, f, PFBA@PDMS. g, h, GenX@PDMS. For all samples, the tested CPFAS is 2.8 × 10-9 g/L and tadsorption is 10 min. Scale bars, 50 μm. It should be noted that different PFAS molecular structures can lead to variations in fragmentation behavior during ToF-SIMS analysis. Subtle changes in molecular structure, such as chain length and functional groups, can affect their ionization efficiency 31. Thus, the detected F- ion intensities here for different PFAS species show evidence of PFAS adsorption but not a quantitative representation of the amount of adsorbed PFAS. 
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[bookmark: OLE_LINK30]Fig. S9 | Molecular trajectory of the PFOA molecule adsorption on PDMS substrate in an aqueous environment. Grey, C; green, F; red, O; white, H; blue, Si. The equilibrium result shows an adsorption configuration that the PFOA molecule adopts a parallel orientation to the PDMS surface, while the -COOH head group of PFOA orients away from the hydrophobic substrate.
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[bookmark: OLE_LINK23]Fig. S10 | Three representations of the optimized adsorption configuration of PFOA and PDMS molecules. a, Configuration 1. b, Configuration 2. c, Configuration 3.
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Fig. S11 | a, Side view and b, top view of ionic PFOA adsorption on PDMS substrate. c, Top view of molecular PFOA adsorption on PDMS substrate.
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Fig. S12 | Charge density difference profiles between -CH3 of PDMS and -CF3 of PFOA. a, Adsorption configuration 1; and b, Adsorption configuration 2. Cyan and red represent charge accumulation and charge depletion, respectively. Iso-surfaces refers to a level of 0.0005 Bohr-3.
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Fig. S13 | Charge density distribution on C-H bonds of PDMS -CH3 group before PFOA adsorption.
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Fig. S14 | Slope evolution of salt/PFOA system with different CNaCl. The results show a linear relationship between CNaCl (logarithm scale) and the fitting slopes in Fig. 4b suggesting a strong correlation between CNaCl and the adsorption kinetics of PFOA molecules.
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Fig. S15 | PFOA detection in PFOA-spiked aqueous solution with 1 mM KCl, and 1 mM NaCl + 1 mM KCl (2 mM salt in total).  
[image: ]
Fig. S16 | Real water sample images without PFOA spiking. a, Surface water. b, human blood.
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Fig. S17 | Raman spectra of PDMS and PDMS dipped in pure surface water for 2 min. 
Table S1 | LC-MS/MS results of DI water and PFOA-spiked DI water. 
	
	[bookmark: OLE_LINK28]CPFOA (g/L) added
	CPFOA (g/L) determined by LC-MS/MS

	DI water
	0
	0

	PFOA-spiked DI water.
	2.8 × 10-7
	2.71 × 10-7



Table S2 | Summary of reported sensors in PFOA-spiked aqueous solution. The testing PFOA concentration range is defined as the one that is used for the calculation of LOD. Note, LOD calculation can be varied according to different cases. Methods a-e have been labelled in the table. Superscripts: a, 3σ/S method, where σ is the y-intercept standard deviation of the linear regression line and S is calibration equation’s slope. b, 3σ/S method, where σ is the standard deviation of the blank solution and S is calibration equation’s slope. c, method detection limit (MDL) method. d, 3σ/sensitivity at low concentration of PFAS, where σ is the standard deviation of the blank solution. e, lowest detectable concentration in linear curve. f, the concentration corresponding to three-fold water background (blank) in the linear fitting curve. N/A means not available.   
	Substrate (Absorber/Adsorber)
	Testing PFOA concentration range (g/L)
	LOD
(g/L)
	Substrate preparation time (min)
	Adsorption/absorption time
(min)
	Testing time
(min)
	Sensor type
	Ref

	MPA-CdS QD
	[bookmark: OLE_LINK1]2.1 × 10-4-1.7 × 10-2
	N/A1.2 × 10-4
	>150
	10
	[bookmark: OLE_LINK6]N/A
	Fluorescence
	32

	EB-CTAB
	2.1 × 10-5-4.1 × 10-3
	N/A4.9 × 10-6
	N/A
	10
	[bookmark: OLE_LINK9]N/A
	Fluorescence
	33

	PPE:F-Sq CPNP
	5 × 10-5-1 × 10-3
	a5.9x10-5
	>4330
	60
	N/A
	Fluorescence
	34

	AIEgen
	4.1 × 10-5-4.1 × 10-2
	N/A
	N/A
	N/A
	N/A
	Fluorescence
	35

	Zr-MOF
	1 × 10-4-2 × 10-3
	b4.6 × 10-5
	>5790
	1
	N/A
	Fluorescence
	36

	PPE-Py*
	5 × 10-8-1.5 × 10-6
	a8 × 10-8
	>4380
	60
	N/A
	Fluorescence
	37

	cpGFP-hLFABP
	6.63 × 10-4-6.63 × 10-3
	c2.36 × 10-4
	>1080
	5
	N/A
	Fluorescence
	38

	ssDNA aptamer
	2.07 × 10-3-2.07 × 10-1
	b7.04 × 10-5
	N/A
	40
	N/A
	Fluorescence
	39

	Se, N doped C QD
	[bookmark: OLE_LINK3]4.1 × 10-4-2.9 × 10-2
	b7.452 × 10-4
	>4320
	5
	N/A
	Fluorescence
	40

	In (2,3,5,6-tetrakis(4-carboxyphenyl) pyrazine)
	1.3 × 10-6-8.28 × 10-2
	b1.9 × 10-5
	>3605
	5
	N/A
	Fluorescence
	41

	Human liver fatty acid binding protein
	[bookmark: OLE_LINK5]4.14 × 10-6-4.14 × 10-1
	N/A1.12 × 10-4
	N/A
	5
	N/A
	Fluorescence
	42

	Guanidinocalix[5]arene
	1 × 10-4-1 × 10-3
	b1.09 × 10-5
	>960
	N/A
	N/A
	Fluorescence
	43

	PF-DBT-Im
	N/A
	N/A2.5 × 10-6
	[bookmark: OLE_LINK24]>1470
	N/A
	N/A
	Fluorescence
	44

	L1-Zn(II) complexes
	N/A
	b9.1x10-5
	N/A
	N/A
	N/A
	Fluorescence
	45

	Ce-Gly cluster
	5 × 10-7-7 × 10-6
	b2.4 × 10-7
	>10080
	10
	N/A
	Fluorescence
	46

	PDI-MOF@cellulose paper
	4.14 × 10-6-2.07 × 10-5
	b1.28 × 10-6
	>4360
	N/A
	N/A
	Fluorescence
	47

	IrC12-FSA@Au
	1 × 10-5-1
	[bookmark: OLE_LINK13]N/A6.2 × 10-6
	>2175
	30
	N/A
	[bookmark: OLE_LINK10]Fluorescence
	48

	[bookmark: OLE_LINK7]CNF-Cu/C
	4.14 × 10-4-2.07 × 10-2
	N/A5.51 × 10-5
	>1440
	10
	N/A
	Color
	49

	[bookmark: _Hlk160308152]SMIP@N-CF
	2.9 × 10-5-3.73 × 10-2
	N/A4.02 × 10-4
	>520
	10
	N/A
	Color
	50

	SAp-PD
	[bookmark: OLE_LINK27]4.14 × 10-9-4.14 × 10-1
	N/A5.3 × 10-10
	>91
	720
	N/A
	SERS
	51

	[bookmark: _Hlk161594547]Graphene and Ag Nano-particles
	4.14 × 10-10-4.14 × 10-4
	N/A4.14 × 10-7
	N/A
	30
	N/A
	SERS
	52

	Dye-AgNP-graphene oxide
	N/A
	N/A5 × 10-5
	N/A
	N/A
	N/A
	SERS
	53

	Ag nanoclusters
	1.1 × 10-8-1 × 10-3
	a1.1 × 10-5
	N/A
	1
	N/A
	SERS
	54

	β-CD/Ag/Optical fiber
	[bookmark: OLE_LINK25]4 × 10-8-4 × 100
	N/A7.14 × 10-8
	N/A
	N/A
	N/A
	[bookmark: OLE_LINK15]SERS
	55

	Ag nanocolloidal
	1 × 10-6-5 × 10-9
	N/A5 × 10-9
	N/A
	N/A
	N/A
	SERS
	56

	MIP/optical fiber
	1 × 10-7-4 × 10-6
	d1.3 × 10-7
	N/A
	10
	N/A
	Surface plasmon resonance
	57

	MIP/optical fiber
	1 × 10-9-7.5 × 10-7
	d8.1 × 10-10
	N/A
	10
	N/A
	Surface plasmon resonance
	58

	[bookmark: _Hlk160063005]
 Ag-Au@nanocarbon floret
	N/A
	N/A4.14 × 10-10
	N/A
	10
	N/A
	Surface plasmon resonance
	59

	PFOA antibody/Au@plastic optical fiber
	2.5 × 10-7-1 × 10-4
	N/A2.1 × 10-7
	N/A
	10
	N/A
	Surface plasmon resonance
	60

	Alg/GO/optical fiber
	2 × 10-7-2 × 10-6
	e4 × 10-7
	＞30
	0.28
	0.28
	Surface plasmon resonance
	61

	MIP
	4.1 × 10-6-4.1 × 10-2
	a9.1×10-9
	N/A
	17
	N/A
	Thermal
	62

	MIP/g-C3N4
	2 × 10-8-4 × 10-4
	N/A1 × 10-5
	＞865
	20
	N/A
	Electrochemiluminescence
	63

	MIP@AgI-BiOINF
	2 × 10-8-1 × 10-3
	b1 × 10-8
	＞640
	20
	N/A
	Electrochemical
	64

	PFAEI/SPE
	6.2 × 10-6-3.1 × 10-5
	N/A6.51 × 10-6
	＞13
	1
	1
	[bookmark: OLE_LINK14]Electrochemical 
	65

	      PANI-CHT/SPCE
	5 × 10-6-1.5 × 10-4
	N/A1.08 × 10-6
	＞7260
	0.33
	0.33
	Electrochemical
	66

	WS2-MWCNT
	4.14 × 10-9-4.97 × 10-8
	b9.95 × 10-10
	＞1080
	1.3
	N/A
	Electrochemical
	67

	Graphene
	2.07 × 10-5-2.07 × 10-1
	N/A4.31 × 10-6
	＞340
	0.5
	N/A
	Electrochemical
	68

	[bookmark: OLE_LINK2][bookmark: _Hlk160308242]Micropipette
	4.14 × 10-5-4.97 × 10-4
	a2.07 × 10-5
	＞220
	0.83
	0.83
	Electrochemical
	69

	Ce-UiO-66-F/GCE
	1.66 × 10-7-1.86 × 10-4
	b1.99 × 10-8
	＞3070
	0.33
	0.33
	Electrochemical
	70

	Hf.WO3/CP
	2.9 × 10-5-1.24 × 10-1
	b7.58 × 10-6
	＞490
	0.6
	0.6
	[bookmark: OLE_LINK4]Electrochemical
	71

	PFDT/AuNPs/GCE
	1 × 10-7-5 × 10-6
	b2.4 × 10-8
	＞727
	0.26
	0.26
	Electrochemical
	72

	MIP-Co/Fe@CNF
	4.14 × 10-6-3.73 × 10-2
	b4.44 × 10-7
	＞3010
	0.3
	0.3
	Electrochemical
	73

	Cu-HHTP MOF
	N/A
	e2 × 10-12
	＞60
	N/A
	N/A
	Electrochemical
	74

	Au/NiOScZ/SPCE
	4.14 × 10−10-4.14 × 10-5
	N/A1.24 × 10-10
	＞60
	0.8
	0.8
	Electrochemical
	75

	[bookmark: OLE_LINK20]PEDOT-TEMPO-MIP
	4.14 × 10−9-4.14 × 10-4
	c2.8 × 10-10
	＞4335
	240
	240
	Electrochemical
	76

	Fluorous-PANI
	[bookmark: OLE_LINK19][bookmark: OLE_LINK34]4.14 × 10−8-4.14 × 100
	a4 × 10-7
	＞930
	30
	N/A
	Electrical
	77

	PDMS
	2.8 × 10-17-2.8 × 10-1 
2.8 × 10-13-2.8 × 10-1
	f3.7 × 10-15
f4.3 × 10-9
	＞6
	10
2
	~5 
	MPRS
	This work



[bookmark: OLE_LINK21]Table S3 | Lennard-Jones potential parameters ( and ) and partial charges () of water, PDMS, and PFOA.
	
	Water
	PDMS
	

	
	Owater
	Hwater
	Si
	O
	C
	H
	

	 (kcal/mol)
	0.1553
	0.0000
	0.2443
	0.2004
	0.0847
	0.0098
	

	 (Å)
	3.1660
	0.0000
	3.8140
	2.8200
	3.4180
	2.9720
	

	 (e)
	-0.8476
	+0.4238
	+0.7608
	-0.4620
	-0.5604
	+0.1370
	

	
	PFOA

	
	C-COOH
	OC=O
	O-OH
	H-COOH
	C-CF3
	C-CF2-
	FC-F

	 (kcal/mol)
	0.1050
	0.2100
	0.1700
	0.0000
	0.0660
	0.0660
	0.0530

	 (Å)
	3.7500
	2.9600
	3.0000
	0.0000
	3.5000
	3.5000
	2.9500

	 (e)
	+0.52
	-0.44
	-0.53
	+0.45
	+0.36
	+0.24
	-0.12




Table S4 | Effects of salt interference in aqueous solution on RE at 2902.8 cm-1 of PDMS. Note, the tadsorption is 10 min and the Csalt is 1 mM.  
	Salt species
	RE (%)

	NaCl
	0.7 ± 1.0

	KCl
	0.7 ± 1.3

	CaCl2
	0.6 ± 1.1

	MgCl2
	0.7 ± 1.6

	NaHCO3
	0.7 ± 1.4

	Na2SO4
	0.8 ± 1.7





Table S5 | Cation concentrations in surface water.
	Samples
	Na+
	K+
	Mg+
	Ca+

	Surface water (mg/L)
	8.42 ± 0.08
	1.58 ± 0.01
	0.95 ± 0.01
	2.76 ± 0.03



Table S6 | Anion concentrations in surface water.
	Samples
	Cl–
	SO42–

	Surface water (mg/L)
	7.83 ± 0.13
	0.73 ± 0.10



Table S7 | NPOC result of surface water analyzed using TOC-L machine. *For validation. 
	Sample
	Concentration (mgC/L)

	Surface water
	7.3 ± 0.4

	TOC 50 ppm standard*
	51.7 ± 0.4


                                             
[bookmark: OLE_LINK26]Table S8 | Total inorganic carbon result of surface water analyzed using TOC-L machine.
	Sample
	Concentration (mg/L)

	Surface water
	3.9 ± 0.0
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