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Study Area and Sampling

Table S1: Sampling site locations
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Chemical Analysis
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Analytical methods
Nitrogen Species
Nitrate concentrations were determined using a colorimetric method in accordance with Standard Methods 4500-NO₃⁻ E:2022. In this procedure, 10 mL of the sample were transferred to a 25 mm diameter cylindrical glass cuvette, followed by the addition of a NitraVer 5 reagent sachet. After a 5-minute reaction period, absorbance was measured at 534 nm using a DR 2800 spectrophotometer (Hach).
Nitrite analysis adhered to Standard Methods 4500-NO₂⁻ B:2022, employing the same colorimetric approach with the substitution of NitraVer 5 by NitriVer 3 reagent. The reaction time was extended to 20 minutes, and absorbance readings were taken at 400 nm.
Ammonia nitrogen (NH₃-N) concentrations were quantified using an ammonia-selective electrode method with standard addition, following Standard Methods 4500-NH₃ E:2022. A 100 mL aliquot of homogenized sample was combined with 1 mL of EDTA solution (prepared by dissolving 400 g NaOH and 45.2 g EDTA in ultrapure water to a final volume of 1 L). The mixture was continuously stirred, and measurements were taken using an Orion 9512 ammonia-selective electrode coupled with an Orion 3 Star millivolt meter (Thermo Scientific). An initial millivolt reading was recorded, followed by the addition of 10 mL of an ammonia standard solution with a concentration ranging from 1 to 1000 mg/L, depending on the initial reading. After stabilization, a second millivolt reading was obtained. The ammonia concentration was calculated based on the change in millivolt readings and the known concentration of the added standard.
Total Kjeldahl Nitrogen (TKN) was measured following Standard Methods 4500-Norg C:2022 and 4500-NH₃ E:2022. A 25 mL aliquot of the sample was digested with 10 mL of digestion solution (comprising 134 g K₂SO₄, 7.3 g CuSO₄, and 134 mL H₂SO₄, diluted to 1 L with ultrapure water). The mixture was homogenized and heated on a digestion block at 375–385°C for 30 minutes post vapor release. After cooling, 10 mL of distillation solution (prepared by dissolving 500 g NaOH and 25 g Na₂S₂O₃ in ultrapure water to a final volume of 1 L) were added to the digestate. Steam distillation was performed using ultrapure water in a nitrogen distillation apparatus (TE-0364, Tecnal). The distillate was collected in 0.04 N H₂SO₄ solution up to a volume of 50 mL. Subsequently, the distillation apparatus was removed from direct contact with the solution, and distillation continued for an additional 2 minutes. The TKN concentration was determined using the same ammonia-selective electrode method described above, with the only modification being the use of a 20 mL aliquot of the collected 0.04 N H₂SO₄ distillate.
PFAS
After activating the InertSep MA-2 cartridge (GL Sciences, Japan) by conditioning with 10 mL of methanol followed by 10 mL of 0.1 M sodium phosphate buffer, the cartridge—containing approximately 3 mL of buffer solution—was topped up with deionized water and acidified with acetic acid to reach pH 3. The vacuum was adjusted to allow a dropwise flow rate. Then, 250 mL of each sample were passed through the extraction cartridges, and the inner walls of the sample bottle were rinsed with 10 mL of ammonium acetate solution (1 g L⁻¹). Subsequently, 1 mL of methanol was added to the sample bottle. The cartridges were then left to dry for at least 60 minutes. Elution was carried out using 4 mL of ammonium hydroxide in methanol, initially added into the sample bottle, followed by another 4 mL of the same solution, carefully rinsing the bottle walls with this solvent.
Next, 8 mL of the eluate were transferred to a concentrator tube. The sample bottle walls were additionally rinsed with 2 mL of the same ammonium hydroxide solution. The methanol was evaporated to dryness in a 60 °C water bath under a nitrogen stream. The extract was then reconstituted in 1.0 mL of methanol/water (80:20, v/v), followed by the addition of 34 µL of an internal standard solution. The solution was filtered through a 0.45 µm membrane filter prior to injection into an ultra-performance liquid chromatography system tandem mass spectrometry (UPLC-MS/MS, Xevo TQD, Waters, USA). Analytes were separated on a BEH C18 column and subsequently identified using a mass spectrometer.
Other Emerging Contaminants (ECs)
Immediately after the collection, the samples were filtered under vacuum using a glass fiber membrane (Sartorius grade 13,400 – Gottingen, Germany). The samples were extracted by solid-phase extraction (SPE) using HLB Oasis cartridges 500 (Waters Corporation – Milford, USA), according to a method previously developed and validated (Montagner et al., 2014, Acayaba et al., 2020, Santos et al., 2022, Dias et al., 2025). Briefly, SPE cartridges were conditioned with methanol and ultrapure water. Then, 500 mL of water samples were loaded, followed by elution with methanol and acetonitrile. The solvent was dried in N2 flow until dryness, and then the extract was reconstituted using 500 µL of a mixture of water:methanol 70:30 (v/v). The extract was filtered through a polytetrafluoroethylene (PTFE) hydrophobic syringe filter with a porosity of 0.22 µm and analyzed by liquid chromatography coupled to mass spectrometry in tandem (LC-MS/MS). All the chromatographic conditions were optimized, and the validation parameters can be found in previous publications.
Results 
Physicochemical parameters 
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Nitrogen Species
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Fig S1. Scatter plot of the pH and sum of nitrogen species from the screening campaign

Spatial distribution and concentration profiles of PFAS 
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Other Emerging Contaminants 
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Exploratory data analysis
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Descripción generada automáticamente]
Fig. S2 PCA results of samples collected from monitoring wells (MW) and phreatic wells (PZ). The scores plot (a) visualizes the distribution of samples along the first two principal components, the loadings plot (b) shows the contribution of each parameter.
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Descripción generada automáticamente]

Fig. S3 PCA results of samples collected from monitoring wells (MW) and phreatic wells (PZ). The scores plot (a) visualizes the distribution of samples along the first two principal components, the loadings plot (b) shows the contribution of each parameter
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Descripción generada automáticamente]
Fig. S4 PCA results of samples collected from monitoring wells (MW) and phreatic wells (PZ). The scores plot (a) illustrates the distribution of samples along Principal Components 2 (PC2) and 3 (PC3). (b) The loadings plot shows the contribution of each parameter to these principal components.
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Fig S5 Projection of the samples onto the bidimensional normalized SOM subspace. 
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Sample Point Latitude Longitude Campaigns 

MW-01 -23.602457° -46.542064° S

MW-02 -23.563128° -46.543054° S / D / W

MW-03 -23.574539° -46.579389° S

MW-04 -23.582390° -46.627208° S / D

MW-05 -23.544119° -46.604570° S / D / W

MW-06 -23.550956° -46.607190° S / D / W

MW-07 -23.665812° -46.717492° S / D / W

MW-08 -23.587429° -46.732401° S / D / W

MW-09 -23.530457° -46.683959° S / D / W

MW-10 -23.531150° -46.665762° S

MW-11 -23.496106° -46.614945° S / D / W

MW-12 -23.509347° -46.600741° S / D / W

MW-12S -23.602752° -46.601216° S

MW-13 -23.515315° -46.607786° S

MW-13S -23.602731° -46.601559° S

MW-14 -23.521276° -46.605155° S / D / W

PZ-JU -23.601997° -46.661874° S

PZ-FC -23.553662° -46.653115° S / D / W

PZ-MA -23.596803° -46.670509° S / D / W

PZ-IN -23.612149° -46.682689° S / D / W

PZ-MV -23.542278° -46.635676° S / D

PZ-GS -23.536264° -46.659548° S / W

PZ-CCVU -23.560264° -46.699072° S / W

PZ-PAN -23.563391° -46.698828° S / D / W

PZ-AZPE -23.566772° -46.688586° S / D / W

PZ-NAT -23.553478° -46.696125° S / D / W

PZ-PÇN -23.541827° -46.689687° S / W

PZ-BI -23.559299° -46.635005° S / D / W

PZ-LB -23.546804° -46.636398° S / D /W

PZ-TU -23.533082° -46.684208° S / D

Tabela S1 Sampling site locations

Datum: WGS84, Zone: 23K

MN: Monitoring well

PZ: Phreatic Zone

S: Screening

D: Dry season

W: Wet season
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Class Compound Acronym CAS Number

Perfluorobutane sulfonic acid PFBS 375-73-5

Perfluorohexanoic acid PFHxA 307-24-4

Perfluoroheptanoic acid PFHpA 375-85-9

Perfluorohexane sulfonic acid PFHxS 355-46-4

Perfluorooctanoic acid PFOA 335-67-1

Perfluorononanoic acid PFNA 375-95-1

Perfluorooctane sulfonic acid PFOS 1763-23-1

Perfluorodecanoic acid PFDA 335-76-2

Perfluoroundecanoic acid PFUnA 2058-94-8

N-Methylperfluorooctane sulfonamidoacetic acid NMeFOSAA 2355-31-9

N-ethyl perfluorooctanesulfonamidoacetic acid NetFOSAA 2991-50-6

Perfluorododecanoic acid PFDoA 307-55-1

Perfluorotridecanoic acid PFTrDA 72629-94-8

Perfluorotetradecanoic acid PFTA 376-06-7

Caffeine - 58-08-2 

Diclofenac - 15307-86-5 

Ibuprofen - 15687-27-1 

Paracetamol 103-90-2

Diethylstilbestrol - 56-53-1 

Estradiol - 50-28-2

Estriol - 50-27-1 

Estrone - 53-16-7 

Ethinylestradiol - 57-63-6 

Progesterone - 57-83-0 

Testosterone - 58-22-0 

2,4-D - 94-75-7

Ametrine - 834-12-8 

Atrazine - 1912-24-9 

2-Hydroxyatrazine - 2163-68-0

Desethylatrazine DEA 6190-65-4

Deisopropylatrazine DIA 1007-28-9

Azoxystrobin - 131860-33-8 

Carbendazim - 10605-21-7 

Carbofuran - 1563-66-2

Clomazone - 81777-89-1 

Diuron - 330-54-1

3,4-dichloroaniline  DCA 95-76-1

1-(3,4-dichlorophenyl)-3-methylurea  DCPMU 3567-62-2

Fipronil - 120068-37-3 

Fipronil sulfide - 120067-83-6

Fipronil sulfone - 120068-36-2

Hexazinone - 51235-04-2

Imidacloprid - 138261-41-3 

Malathion - 121-75-5 

Simazine - 122-34-9 

Tebuconazole - 107534-96-3 

Tebuthiuron - 34014-18-1

Bisphenol A - 80-05-7 

Triclosan - 3380-34-5 

Industrial

Pharmaceuticals 

Hormone

PFAS

Table S2 Analyzed substances, acronyms and CAS numbers

Pesticide
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Sample Campaigns  Sample date pH Conductivity DO ORP E

H

Temperature

- µS/cm mg/L mV mV °C

Screening 18/01/2022 6.80 828.0 1.60 -121.6 77.40 25.5

Dry 08/08/2022 6.65 926.0 1.89 -137.9 66.10 21.7

Wet 04/03/2023 6.59 1420 1.46 -27.6 176.4 24.7

Screening 18/01/2022 5.48 248.3 2.20 198.1 397.1 25.2

Dry 09/08/2022 4.87 213.0 1.78 -108.1 95.90 22.3

Wet NA NA NA NA NA NA NA

Screening 18/01/2022 6.07 557.0 2.20 -23.3 175.7 26.2

Dry 08/08/2022 6.19 706.0 1.37 -185.8 18.20 23.5

Wet 05/03/2023 6.00 854.0 0.99 -361.0 167.9 24.7

Screening 18/01/2022 5.92 270.1 2.90 128.61 327.6 28.1

Dry 08/08/2022 6.11 201.4 3.37 -78.00 126.0 24.6

Wet 05/03/2023 6.05 437.4 1.39 68.50 267.5 26.4

Screening 19/01/2022 5.96 830.0 2.20 -83.00 121.0 24.4

Dry 09/08/2022 6.59 573.0 2.32 -123.2 80.80 21.8

Wet 04/03/2023 6.63 1662 0.70 -23.8 180.2 24.1

Screening 19/01/2022 6.11 284.5 3.90 -4.4 194.6 25.8

Dry 09/08/2022 6.47 271.3 3.30 -129.2 74.80 22.8

Wet 04/03/2023 6.62 552.0 2.20 103.9 302.9 25.8

Screening 19/01/2022 4.14 150.0 4.90 267.0 466.0 25.3

Dry 09/08/2022 4.29 153.2 4.70 -56.2 147.8 22.6

Wet 04/03/2023 4.40 544.0 3.33 164.4 368.4 23.4

Screening 20/01/2022 4.83 411.8 3.30 204.1 403.1 22.3

Dry 09/08/2022 4.56 387.0 4.68 -49.6 154.4 22.1

Wet 13/03/2023 6.65 833.0 2.33 123.2 327.2 23.0

Screening 20/01/2022 5.32 930.0 1.70 52.7 256.7 23.9

Dry 08/08/2022 6.18 433.1 1.75 -142.2 61.80 22.1

Wet 05/03/2023 6.26 853.0 0.60 57.2 261.2 25.5

Screening 20/01/2022 6.24 298.8 1.00 56.6 260.6 24.5

Dry 08/08/2022 6.59 426.9 2.71 -118.0 86.00 21.3

Wet 05/03/2023 6.85 628.0 0.79 17.5 221.5 24.2

Table S3(a) Physicochemical parameters of groundwater samples collected from monitoring wells (MW) during all 

campaigns (screening. dry. and wet seasons)

NA: Not Analyzed

MW-02

MW-04

MW-05

MW-06

MW-07

MW-08

MW-09

MW-11

MW-12

MW-14
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pH Conductivity DO ORP E

H

Temperature

- µS/cm mg/L mV mV °C

Screening 19/05/2022 6.28 177.3 3.70 285.7 494.7 19.0

Dry 16/08/2022 6.22 87.20 3.03 -143.8 60.20 20.7

Wet 14/03/2023 6.94 370.3 1.63 60.90 264.9 24.5

Screening 25/06/2022 7.20 271.2 7.20 263.1 472.1 19.6

Dry 16/08/2022 6.86 328.3 3.68 -127.9 76.10 21.9

Wet NA NA NA NA NA NA NA

Screening 19/05/2022 6.63 255.0 5.20 273.5 477.5 21.6

Dry 16/08/2022 6.18 326.4 3.61 -114.2 89.80 22.4

Wet 14/03/2023 6.97 505.0 2.26 61.10 265.1 24.8

Screening 28/05/2022 6.25 335.4 5.10 334.9 538.9 21.6

Dry 16/08/2022 6.32 330.7 4.97 -101.6 102.4 22.9

Wet 14/03/2023 6.90 603.0 3.52 71.60 275.6 24.3

Screening 19/05/2022 6.46 143.8 4.70 318.0 527.0 19.9

Dry 16/08/2022 7.59 237.3 6.03 -117.7 86.30 22.2

Wet NA NA NA NA NA NA NA

Screening 04/06/2022 5.77 246.5 5.6 316.8 520.8 20.6

Dry 17/08/2022 6.28 248.7 4.96 -47.5 156.5 20.1

Wet 14/03/2023 7.23 486.6 3.11 73.40 277.4 24.2

Screening 08/06/2022 6.36 342.2 6.20 333.4 537.4 21.5

Dry 17/08/2022 5.59 335.2 5.36 -47.2 156.8 20.8

Wet 14/03/2023 6.64 694.0 3.52 84.10 288.1 23.6

Screening 07/05/2022 6.2 285.0 4.50 235.0 439.0 23.5

Dry 17/08/2022 5.83 303.1 5.33 -137.4 66.60 22.3

Wet 15/03/2023 6.08 518.0 1.66 92.10 296.1 23.5

Screening 07/05/2022 5.50 215.0 9.00 262.0 471.0 18.2

Dry 17/08/2022 4.06 216.4 6.24 -25.6 178.4 21.9

Wet 15/03/2023 5.22 377.9 4.11 123.0 327.0 23.5

Screening 07/05/2022 6.00 357.2 3.40 189.4 393.4 22.1

Dry 17/08/2022 6.87 406.4 5.01 -69 135.0 20.6

Wet 16/03/2023 7.32 580.0 3.27 80.50 284.5 23

Screening 07/05/2022 5.80 215.0 7.60 206 415.0 18.8

Dry NA NA NA NA NA NA NA

Wet 16/03/2023 7.35 350.1 3.90 81.40 285.4 21.5

Screening 25/06/2022 7.20 88.70 7.10 308.1 512.1 21.9

Dry NA NA NA NA NA NA NA

Wet 14/03/2023 7.85 150.5 3.52 72.00 271.0 25.8

Screening 07/05/2022 6.03 330.0 6.60 56.00 260.0 22.8

Dry NA NA NA NA NA NA NA

Wet 15/03/2023 6.89 718.0 3.07 63.00 267.0 23.6

NA: Not Analyzed

PZ-FC

PZ-TU

PZ-IN

PZ-MA

PZ-AZPE

PZ-NAT

PZ-PAN

PZ-PÇN

PZ-GS

PZ-CCVU

PZ-MV

PZ-BI

Table S3(b) Physicochemical parameters of groundwater samples collected from phreatic zone (PZ) during all 

campaigns (screening. dry. and wet seasons)

Sample Campaigns Sample date

PZ-LB
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Sample Sample Date

N-Nitrate 

a

N-Nitrite 

b

TKN  N-Ammoniacal

MW-01 18/01/2022 0.358 < 0.001 0.654 0.0654

MW-02 18/01/2022 0.811 < 0.001 0.282 1.08

MW-03 18/01/2022 0.774 < 0.001 0.937 0.0639

MW-04 18/01/2022 13.5 < 0.001 1.71 1.36

MW-05 18/01/2022 2.08 0.0351 19.8 1.07

MW-06 18/01/2022 12.9 0.0423 0.677 0.813

MW-07 19/01/2022 0.532 0.005 4.22 1.29

MW-08 19/01/2022 0.395 0.004 3.14 1.83

MW-09 19/01/2022 12.0 < 0.001 0.917 < 0.05

MW-10 19/01/2022 0.590 < 0.001 3.89 3.87

MW-11 20/01/2022 32.8 0.0062 1.29 0.404

MW-12 20/01/2022 1.91 < 0.001 13.4 3.32

MW-13 20/01/2022 0.732 0.0089 2.01 0.0554

MW-14 20/01/2022 6.03 < 0.001 2.47 0.0745

MW-12S 15/10/2021 0.358 0.0342 4.66 4.04

MW-13S 15/10/2021 1.41 0.0158 0.898 < 0.05

PZ-PAN 07/05/2022 4.74 0.125 2.06 0.134

PZ-CCVU07/05/2022 3.89 0.0067 2.94 0.792

PZ-AZPE 07/05/2022 12.7 0.0035 0.937 0.194

PZ-NAT 07/05/2022 11.4 < 0.001 0.986 < 0.05

PZ-PÇN 07/05/2022 0.830 < 0.001 0.591 < 0.05

PZ-TU 19/05/2022 0.648 0.0087 3.74 2.89

PZ-LB 19/05/2022 2.32 0.0185 1.47 1.21

PZ-BI 19/05/2022 0.854 0.0819 3.20 1.94

PZ-FC 28/05/2022 8.77 0.0326 0.803 0.278

PZ-MA 08/06/2022 18.0 0.0118 0.965 0.0594

PZ-IN 04/06/2022 3.63 0.0021 1.39 0.0639

PZ-JU 04/06/2022 4.35 0.0322 2.32 1.54

PZ-GS 25/06/2022 0.271 < 0.001 0.493 < 0.05

PZ-MV 25/06/2022 1.06 0.0662 2.16 < 0.05

b

2 mg/L - USEPA - Regional Screening Level (RSL) Resident Tapwater Table (TR=1E-06. 

HQ=1) November 2024

Table S4 Concentrations of nitrogen species (mg/L) obtained in the screening sampling 

campaign

a

10 mg/l - Portaria GM/MS Nº 888
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PFBS PFHxA PFHpA PFHxS PFOA PFNA PFOS PFDA PFUnANMeFOSAANetFOSAAPFDoA PFTrDAPFTA

Dry < 4 < 4 < 4 < 10 10.5 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 4 < 4 < 10 15.5 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 17.3 < 4 20.8 < 4 < 4 < 50 < 50 < 4 < 4 < 4

Wet NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dry < 4 < 4 < 4 < 10 < 4 4.5 9.47 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 200 < 40 < 10 < 40 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 < 4 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 4 < 4 < 10 < 4 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 11.2 < 4 9.67 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 40 < 40 < 10 < 40 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 11.6 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 40 < 40 < 10 12.0 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry 10.2 < 4 < 4 < 10 < 4 < 4 12.9 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 6.73 < 4 < 10 4.78 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 12.3 < 4 < 10 < 4 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 4 < 4 < 10 4.36 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 7.78 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 40 < 4 < 10 6.99 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 13.4 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 40 < 40 < 10 < 40 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

USEPA

6.0x10

+3

9.9x10

+3

-

3.9x10

+2

2.7x10

-2

5.9x10

+1

2.0x10

+1

6.0x10

+3

- - -

1.0x10

+3

-

2.0x10

+4

Denmark

1.0x10

+2

1.0x10

+2

1.0x10

+2

1.0x10

+2

1.0x10

+2

1.0x10

+2

1.0x10

+2

1.0x10

+2

- - - - -

Table S5(a): PFAS concentrations (ng/L) measured in groundwater samples from monitoring wells (MW) during the dry and wet seasons

PFAS

Sample Season

NA: Not Analyzed

MW-14

Standard and guidance

MW-11

MW-12

MW-08

MW-09

MW-06

MW-07

MW-04

MW-05

MW-02
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PFBS PFHxA PFHpA PFHxS PFOA PFNA PFOS PFDA PFUnA NMeFOSAANetFOSAAPFDoA PFTrDA PFTA

Dry < 4 < 4 < 4 < 10 < 4 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 11.8 < 4 < 10 < 4 < 4 7.11 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 13.4 < 4 < 10 < 4 < 4 45.7 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dry < 4 < 8 4.67 < 10 18.9 < 4 22.5 4.08 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 9.73 8.12 < 10 6.86 < 4 23.2 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 < 4 < 4 19.2 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 4 < 4 < 10 7.95 < 4 14.2 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 6.42 < 4 9.39 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Dry 9.97 < 4 < 4 < 10 7.5 < 4 22 < 4 < 4 < 10 < 10 < 4 4.52 < 4

Wet < 4 < 4 < 4 < 10 < 4 < 4 16.3 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 8.4 < 4 < 10 < 4 < 4 21.6 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 < 4 < 4 < 10 < 4 < 4 21.8 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 8.39 < 4 < 10 4.59 < 4 19.7 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 8.74 < 4 < 10 5.06 < 4 19.1 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 6.94 < 4 7.1 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Wet 18.1 6.3 6.26 < 10 7.34 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry < 4 < 4 < 4 < 10 20.8 < 4 12.8 7.86 < 4 < 10 < 10 < 4 < 4 < 4

Wet < 4 24.9 < 4 < 10 9.52 < 4 10.3 6.62 < 4 < 10 < 10 < 4 < 4 < 4

Dry NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Wet < 4 8.22 < 4 < 10 < 4 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Wet < 4 < 4 < 4 < 10 < 4 < 4 < 4 < 4 < 4 < 10 < 10 < 4 < 4 < 4

Dry NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Wet < 4 9.3 < 4 < 10 8.64 < 4 26.1 < 4 < 4 < 10 < 10 < 4 < 4 < 4
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6.0x10

+3

9.9x10

+3

-

3.9x10

+2

2.7x10

-2

5.9x10

+1

2.0x10

+1

6.0x10

+3

- - -
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+2
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+2
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+2

1.0x10

+2

1.0x10

+2

1.0x10

+2

1.0x10

+2

- - - - -

PZ-TU

PZ-IN

PZ-MV

PFAS

Sample Season

Table S5(b): PFAS concentrations (ng/L) measured in groundwater samples from phreatic zone (PZ) during the dry and wet seasons

NA: Not Analyzed

PZ-CCVU

Standard and guidance

PZ-PÇN

PZ-GS

PZ-BI

PZ-FC

PZ-LB

PZ-NAT

PZ-PAN

PZ-MA

PZ-AZPE
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Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet

Caffeine ND ND ND NA 47.4 180 ND ND ND 91.9 ND ND 38.5 ND ND ND ND ND 25.1 ND

Diclofenac ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Ibuprofen ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Paracetamol ND ND ND NA 19.9 40.8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Diethylstilbestrol ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Estradiol ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Estriol ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Estrone ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Ethinylestradiol ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Progesterone ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Testosterone 8 ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

2,4-D 14.4 ND 34.2 NA ND ND 26.2 ND 86.3 ND ND ND 6.10 ND 17.9 ND 27.5 ND 5.60 ND

Ametryn ND ND ND NA ND ND ND ND ND ND ND ND ND ND 1.8 ND ND ND 2.4 ND

Atrazine ND ND 4.5 NA 5,0 ND 5.6 1.2 7.3 1.1 3.5 1.8 2.3 ND 4.5 1.1 ND ND 45 5.6

2-Hydroxyatrazine ND ND ND NA ND ND 18.8 ND 5.4 10.4 18.4 ND 10.8 ND 40.3 ND ND ND 103 53.9

DEA ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND 43.6 19.7

DIA ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND 7.3 ND

Azoxystrobin 7.9 7.9 ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Carbendazim 102 ND 51.5 NA 58.6 189 239 65.8 16.5 87.8 17.4 ND 5.70 ND 66.8 ND 8.70 ND 9.10 ND

Carbofuran ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Clomazone ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Diuron 37.7 ND ND NA 36.8 14.8 31.9 ND 14.8 ND 4.40 ND 45.1 ND 87.6 ND ND ND 10.5 28.7

DCA ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

DCPMU ND ND ND NA ND ND 4.30 ND 1.1 ND ND ND 10.4 ND 18.4 ND ND ND ND ND

Fipronil ND ND 5.90 NA 235 ND ND ND ND ND ND ND ND ND 6.80 ND ND ND 3,00 ND

Fipronil sulfide ND ND 24.5 NA 82.6 ND ND ND ND ND ND ND ND ND 2.90 ND 2 ND 5.50 ND

Fipronil sulfone ND ND 11.2 NA 21.1 ND 2,00 ND 2,00 ND 1.80 ND 1.90 ND 3.10 ND 2.00 ND 2.30 ND

Hexazinone ND ND ND NA ND ND ND ND ND ND ND ND ND ND 1.1 ND ND 1.1 ND ND

Imidacloprid ND ND ND NA ND ND 5.0 ND 7.8 5.0 ND 7.8 8.3 ND 20 8.3 ND 20 ND ND

Malathion ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Simazine ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Tebuconazole ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Tebuthiuron 1.4 1.4 2.2 NA 1.3 2.2 4.6 1.3 1.1 4.6 2.2 1.1 ND 2.2 ND ND ND ND 2.5 ND

Bisphenol A ND ND ND NA ND ND 179 21.5 114 194 172 ND 278 21.8 174 ND ND ND 314 30.5

Triclosan ND ND ND NA ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Table S6(a)

: Other Emerging Contaminants concentrations (ng/L) measured in groundwater samples from monitoring wells (MW) during the dry and wet seasons

Substance

MW-02 MW-04 MW-05 MW-06 MW-07

ND: Not Detectable

NA: Not Analyzed

MW-08 MW-09 MW-11 MW-12 MW-14
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Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet

Caffeine 2,90 255 36.4 NA 24.3 49.5 53.3 68.8 ND NA ND 49.5 9.65 26.8 22.6 46.8 17.1 ND 191 194 NA ND NA 22.1 NA 145

Diclofenac ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Ibuprofen ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Paracetamol ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Diethylstilbestrol ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Estradiol ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Estriol ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Estrone ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Ethinylestradiol ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Progesterone ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Testosterone ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

2,4-D 56.0 ND 646 NA 375 ND 14.5 11.1 73.3 NA 193 ND 253 ND 25.7 ND 5.50 ND 736 ND NA ND NA ND NA ND

Ametryn 1.8 ND 1.2 NA ND ND 1.3 ND ND NA ND ND 1.3 ND 1.7 ND 1.1 ND 1.5 ND NA ND NA ND NA ND

Atrazine 19 3.7 9.4 NA 21 2.0 8.8 2.8 46 NA 5.4 ND 8.4 1.5 9.0 1.7 1.2 ND 5.5 ND NA ND NA 2.6 NA ND

2-Hydroxyatrazine 13.7 ND 10.9 NA ND ND 14.4 12.2 ND NA ND ND 13.2 11.3 11.7 14.4 ND ND 13.1 ND NA ND NA ND NA ND

DEA ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

DIA ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA 7.3 NA ND NA ND

Azoxystrobin ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Carbendazim 191.9200.427.50NA 36.30123.482.4 282.8139.7NA ND 40.2094.4085.30301.642.60ND ND 140.012.10NA ND NA ND NA ND

Carbofuran ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Clomazone ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Diuron 12.9 12.0 15.7 NA 45.1 15.7 110 226 433.7NA 57.9 53.0 147 64.6 77.6 59.9 80.7 36.4 118 19.2 NA ND NA ND NA 18.5

DCA ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

DCPMU ND ND ND NA 3.30 ND 13.4 ND 281 NA 7.40 ND 12.1 ND 6.00 ND 6.20 ND 7.80 ND NA ND NA ND NA ND

Fipronil 17.7 13.2 4.40 NA 4.50 3.80 4.30 ND ND NA 14.4 7.5 13.4 1.90 3.60 ND 4.30 ND 19.1 9.20 NA ND NA ND NA 2.50

Fipronil sulfide 30.5 ND 12 NA 4.0 ND 2.9 ND ND NA 8 ND 19.3 ND 3.8 ND 3.6 ND 12.2 ND NA ND NA ND NA ND

Fipronil sulfone 9.7 ND 5.8 NA 4.0 ND 3.4 ND ND NA 10.3 ND 10.6 ND 2.4 ND 2.5 ND 6.5 ND NA ND NA ND NA ND

Hexazinone ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Imidacloprid ND ND ND NA ND ND ND ND ND NA ND ND 33.5 ND 5.90 ND 6.20 ND 7.00 ND NA ND NA ND NA ND

Malathion ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Simazine ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Tebuconazole ND ND ND NA ND ND ND ND ND NA ND ND ND ND 1.2 ND ND ND ND ND NA ND NA ND NA ND

Tebuthiuron ND ND ND NA 1.2 ND ND ND 1.2 NA ND ND 1.1 ND 1.2 ND ND ND 1.3 ND NA 2.5 NA ND NA ND

Bisphenol A 294 ND 71.3 NA ND 14.1 110 ND ND NA 99.2 ND ND ND 108 ND 60.0 ND 101 ND NA ND NA ND NA ND

Triclosan ND ND ND NA ND ND ND ND ND NA ND ND ND ND ND ND ND ND ND ND NA ND NA ND NA ND

Table S6(b)

: Other Emerging Contaminants concentrations (ng/L) measured in groundwater samples from phreatic zone (PZ) during the dry and wet seasons

ND: Not Detectable

NA: Not Analyzed

PZ-IN PZ-MA PZ-AZPE PZ-NAT PZ-PAN PZ-PÇN

Substance

PZ-LB PZ-MV PZ-BI PZ-FC PZ-TU PZ-GS PZ-CCVU
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