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S 1.0 Sample Preparation

The selected analytes were extracted from water samples via a solid phase extraction (SPE) method
using the OASIS HLB cartridges (500 mg, 12 mL). For this process, 200 mL of filtered water
samples were spiked with 50 pg/L of the target analytes. Prior to loading the samples, the HLB
cartridges were conditioned with 6 mL of methanol and ultrapure water. Subsequently, the spiked
water samples and method blanks were loaded onto the SPE cartridges at a flow rate ranging from
5 to 10 mL/min and washed with 5 mL of ultrapure water. Afterward, the cartridges were drained
of water for 5 min using a vacuum pump, and the analytes were eluted with 6 mL of methanol:
acetonitrile (50:50, v/v). The eluents were concentrated in a vacuum oven at 50°C, reconstituted
to a final volume of 0.5 mL in methanol and then filtered through a 0.22 pm syringe filter into a 2

mL amber glass vial for analysis.

S 2.0 Data Analysis

Statistical analyses were done on data obtained using the Statistical Package for The Social
Sciences (SPSS Statistics 23), with a significance level set at p < 0.05. The analysis of variance
(ANOVA) was used to determine whether there was a statistically significant difference between
the mean concentrations of antibiotics and paraben compounds. For this analysis, concentration
values below the LOQ were replaced with half of the LOQ. Principal Component Analysis (PCA)
was performed in SPSS 23® to extract factors (the process of obtaining the different principal
components) and establish associations among the antibiotics and parabens. The site details were
visualized through ArcGIS 10.8.2®, while the plots were created in GraphPad Prism R Studio

software®.



Table S1. Physicochemical properties of the targeted antibiotics and parabens

Compound CAS Molecular pKa logKow  Solubility ~Chemical structure
weight (g/L)
Ampicillin 69-53- 3494 2.5, 1.35 10.1
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Table S2: Linear range, regression coefficient, limit of detection (LOD), limit of quantification (LOQ) of targeted antibiotics
and parabens

Compound Linear R? LOD LOQ Spiked Recovery RSD
concentration (ng/L) (ng/L) Conc. (%) (%)
(ng/L) (ng/L)
Ampicillin 0.5-500 0.9999 2.45 8.17 50 88.4 9.87
125 83.4 6.72
Chloramphenicol 0.5-500 0.9916 5.30 17.7 50 97.8 8.66
125 95.8 1.62
Ciprofloxacin 0.25-1000 0.9999 9.26 30.9 50 88.0 4.28
125 92.9 6.97
Metronidazole 0.5-1000 0.9999 5.53 18.5 50 80.1 4.56
125 79.7 5.12
Tetracycline 0.5-500 0.9996 7.17 23.9 50 83.5 11.9
125 113 4.53
Methylparaben 0.5-500 0.9999 1.89 6.30 50 73.4 1.32
125 91.5 0.83
Ethylparaben 0.5-500 0.9999 3.16 10.5 50 83.6 0.87
125 87.5 0.70
Propylparaben 0.5-500 0.9999 3.66 12.2 50 91.1 1.62
125 91.7 0.94
Butylparaben 0.5-500 0.9999 2.13 7.10 50 92.9 1.22

125 92.7 0.91



https://www.sciencedirect.com/topics/earth-and-planetary-sciences/regression-coefficient

Table S3: Predicted no effect concentration (PNEC) values (ug/L) for antibiotics and parabens for selected organisms

PPCPs Species EC5y/LCsy (ug/L x10°) NOEC (ng/L PNEC-acute @ PNEC-
x10%) (ng/L) chronic
| (ug/L)
Ampicillin Algae - 26.76! - 267.6
Daphnid - 13.25 - 132.5
Fish - 50.9 - 509
Chloramphenicol Algae 537.5i 0.22i 537.5 2.2
Daphnid 81.2i 47.611 81.2 476.1
Fish 1000 15.46! 1000 156.4
Ciprofloxacin Algae 1620h 455.22h 1620 4552
Daphnid 1240h 81.27h 1240 812.7
Fish 13100" 1550h 13,100 15,500
Tetracycline Algae 1890¢ 474¢ 1890 4740
Daphnid 10608 59.9¢ 1060 599
Fish 131008 24908 13,100 24,900
Methylparaben Algae 91¢ 214 910 2100
Daphnid 41.1° 2.44 411 240
Fish 1602 0.164 1600 160
Ethylparaben Algae 524 184 520 1800
Daphnid 50¢ 1.64 500 160
Fish 34.32 0.084 343 80
Propylparaben Algae 364 7.44 360 740
Daphnid 23¢ 1.14 230 110
Fish 9.72 0.044 97 40
Butylparaben Algae 9.5f 0.84 95 80
Daphnid 5.32 0.84 53 80
Fish 8.24 0.034 82 30

| .2 . .4 . A . . . o1
a: Lb:2c:3,di4,ed, 16, g:7 hi8i:9,5: 10



Table S4: Acceptable daily intake of the targeted antibiotics and parabens

Compound ADI (mg/kg/bw) Reference
Ampicillin 0.0025 JECFA,!
Chloramphenicol NE

Ciprofloxacin 0.002 12
Metronidazole 30 13
Tetracycline 0.003 14
Methyl+ethyl+propylparaben 10 15
Butylparaben NE

NE: Not established

Table S5: ANOVA Data for mean concentrations of antibiotics in Surface water in Osun State

Sum of Squares  df Mean Square F Sig.
Between Groups 13.366 4 3.341 30.366 .000
Within Groups 3.631 33 110
Total 16.997 37

* = The mean concentration difference is significant at p < 0.05 level



Table S6: ANOVA Data for mean concentrations of parabens in Surface water in Osun State

Sum of Squares  df Mean Square F Sig.
Between Groups 2.978 3 993 4.878 .007
Within Groups 6.309 31 204
Total 9.288 34

* = The mean concentration difference is significant at p < 0.05 level

Table S7: ANOVA data for mean concentrations of antibiotics in Surface water in Oyo State

Sum of Squares  df Mean Square F Sig.
Between Groups

31578.204 3 10526.068 .861 486
Within Groups 159000.538 13 12230.811
Total 190578.742 16

* = The mean concentration difference is significant at p < 0.05 level



Table S8: ANOVA data for mean concentration of parabens in Surface water in Oyo State

Sum of Squares df Mean Square  F Sig.
Between Groups ~ 8505.438 3 2835.146 2.840 .106
Within Groups 7987.123 8 998.390
Total 16492.561 11

* = The mean concentration difference is significant at p < 0.05 level

Table S9: ANOVA data for mean concentrations of antibiotics in Surface water in Lagos State

Sum of Squares df Mean Square F Sig.
Between Groups 53646.675 3 17882.225 876 472
Within Groups 367271.865 18 20403.992
Total 420918.540 21

* = The mean concentration difference is significant at p < 0.05 level



Table S10: ANOVA data for mean concentrations of parabens in Surface water in
Lagos State

Sum of Squares df Mean Square  F Sig.
Between Groups ~ 14008.881 3 4669.627 811 .500
Within Groups 143929.817 25 5757.193
Total 157938.698 28

* = The mean concentration difference is significant at p < 0.05 level

Table S11: ANOVA Data for mean concentrations of antibiotics in Groundwater in Osun State

Sum of Squares df Mean Square  F Sig.
Between Groups 5,822 3 1.941 8.450 .001
Within Groups 5.512 24 230
Total 11.334 27

* = The mean concentration difference is significant at p < 0.05 level
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Table S12: ANOVA data for mean concentrations of parabens in Groundwater in Osun State.

Sum of Squares df Mean Square F Sig.
Between Groups ;7 3 058 301 824
Within Groups 2.902 15 193
Total 3.077 18

* = The mean concentration difference is significant at p < 0.05 level

Table S13: ANOVA data for mean concentrations of antibiotics in groundwater in Oyo State

Sum of Squares  df Mean Square F Sig.
Between Groups - 919 4 730 3.245 025
Within Groups 6.972 31 225
Total 9.890 35

* = The mean concentration difference is significant at p < 0.05 level
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Table S14: ANOVA data for mean concentrations of parabens in Groundwater in Oyo State

Sum of Squares df Mean Square F Sig.
Between Groups

19344.067 3 6448.022 1.474 243
Within Groups 122503.122 28 4375.111
Total 141847.189 31

* = The mean concentration difference is significant at p < 0.05 level

Table S15: ANOVA data for mean concentrations of antibiotics in Groundwater in Lagos State

Sum of Squares df Mean Square F Sig.
Between Groups

4.755 2 2.377 13.408 .000
Within Groups 3.901 22 177
Total 8.655 24

* = The mean concentration difference is significant at p < 0.05 level

12



Table S16: ANOVA data for mean concentrations of parabens in Groundwater in Lagos State

Sum of Squares df Mean Square F Sig.
Between Groups

8518.592 3 2839.531 794 Sl
Within Groups 71492.205 20 3574.610
Total 80010.797 23

* = The mean concentration difference is significant at p < 0.05 level

Table S17a: ANOVA data comparing antibiotics in Surface water and Groundwater in Osun State.

Sum of Squares df Mean Square F Sig.
Between Groups

5948.317 1 5948.317 343 .560
Within Groups 1177782.861 68 17320.336
Total 1183731.178 69

* = The mean concentration difference is significant at p < 0.05 level
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Table S17b: ANOVA data comparing parabens in Surface water and Groundwater in Osun State.

Sum of Squares df Mean Square F Sig.
Between Groups

55785.915 1 55785.915 7.776 .007
Within Groups 373045.688 52 7173.956
Total 428831.603 53

* = The mean concentration difference is significant at p < 0.05 level
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Table S18a: ANOVA data comparing antibiotics in Surface water and Groundwater in Oyo State.

Sum of Squares df Mean Square F Sig.
Bet G
FWEERRIOIPS 41019 1 141.019 013 909
Within Groups 625382.167 58 10782.451
Total 625523.186 59

* = The mean concentration difference is significant at p < 0.05 level

Table S18b: ANOVA data comparing parabens in Surface water and Groundwater in Qyo State.

Sum of Squares df Mean Square F Sig.
Between Groups

5023.900 1 5023.900 1.333 255
Within Groups 158339.750 42 3769.994
Total 163363.650 43

* = The mean concentration difference is significant at p < 0.05 level
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Table S19a: ANOVA data comparing antibiotics in Surface water and Groundwater in Lagos State

Sum of Squares df Mean Square F Sig.
Between Groups

3698.287 1 3698.287 125 725
Within Groups 1391620.430 47 29608.945
Total 1395318.717 48

* = The mean concentration difference is significant at p < 0.05 level

Table S19b: ANOVA data comparing parabens in Surface water and Groundwater in Lagos State

Sum of Squares df Mean Square F Sig.
Between Groups

1803.503 1 1803.503 387 537
Within Groups 237949.495 51 4665.676
Total 239752.999 52

* = The mean concentration difference is significant at p < 0.05 level
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Table S20: Ecological risk quotient (RQg) for selected antibiotics and parabens in groundwater in Osun, Oyo, and Lagos

States
Osun Oyo Lagos
Acute Chronic Acute Chronic Acute Chronic

Alg Dap Fish Alg Dap Fish  Alg Dap Fish Alg Dap Fish  Alg Dap Fish Alg Dap Fish
Amp - - - 0.13 0.27 0.07 - - - 043 0.87 0.23 - - - 0.12 0.24 0.06
Chl <0.01 0.02 <0.01 5.68 0.03 0.08  <0.01 0.03 <0.01 12.1 0.06 0.17  <0.01 0.02 <0.01 5.68 0.03 0.08
Cip 0.01 0.01 <0.01 0.04 0.22 0.01 0.01 0.01 <0.01 0.04 022 0.01 0.02  0.03 <0.01 0.07 0.39 0.02
Tet <0.01 <0.01 <0.01 0.01 0.05 <0.01 0.01 0.01 <0.01 0.02 0.20 <0.01 <0.01 <0.01 <0.01 0.01 0.05 <0.01
Mep 0.05 0.11 0.03 0.02 0.20 0.29 0.13 0.28 0.07 0.06 0.49 0.73 0.09  0.19 0.05 0.04 0.33 0.49
Etp 0.10  0.10 0.15 0.03 0.31 0.63 0.10  0.11 0.15 0.03 0.33 0.66 0.15 0.16 0.23 0.04 0.49 0.99
Prp 0.04  0.06 0.15 0.02 0.13 036 016  0.25 0.59 0.08 0.52 144 017 027 0.64 0.08 0.57 1.56
Bup 0.59 1.05 0.68 0.70  0.70 1.86 096 1.72 1.11 1.14 1.14 3.04 124 223 1.44 1.48 1.48 3.93

Amp = Ampicillin; Chl = Chloramphenicol; Cip = Ciprofloxacin; Tet = Tetracycline; Mep = Methylparaben; Etp = Ethylparaben; Prp = Propylparaben; Bup = Butylparaben
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Table S21: Ecological risk quotient for targeted PPCPs in surface water in Osun, Oyo, and Lagos States.

Osun Oyo Lagos
Acute Chronic Acute Chronic Acute Chronic

Alg Dap Fish Alg Dap Fish  Alg Dap Fish Alg Dap Fish  Alg Dap Fish Alg Dap Fish
Amp - - - 0.18 0.36 009 - - - 044 0.89 023 - - - 020 041 0.11
Chl <0.01 0.02 <0.01 5.68 0.03 0.08  0.01 0.03 <0.01 127 0.06 0.18  0.01 0.06 0.01 23.7 0.11 0.34
Cip 0.01 0.02 <0.01 0.04 0.23 0.01 0.01 0.01 <0.01 0.04 0.20 0.01 0.01 0.01 <0.01 0.03 0.20 0.01
Tet <0.01 <0.01 <0.01 0.01 0.05 <0.01 <0.01 <0.01 <0.01 0.01 0.05 <0.01 <0.01 <0.01 <0.01 0.01 0.05 <0.01
Mep 0.17 037 0.10 0.07 0.64 096 0.06 0.13 0.03 0.03 0.22 033 015 0.32 0.08 0.06 0.55 0.83
Etp 029 030 0.43 0.08 0.93 1.85 0.15  0.16 0.23 0.04 0.49 099 016 0.17 0.25 0.05 0.53 1.06
Prp 0.09 0.14 0.33 0.04 0.29 0.81 0.04  0.06 0.15 0.02 0.13 036 023 036 0.86 0.11 0.76 2.08
Bup 0.80 1.43 0.92 094 0.94 252 084 1.51 0.98 1.00 1.00 267 082 1.47 0.95 0.97 0.97 2.59

Amp = Ampicillin; Chl = Chloramphenicol; Cip = Ciprofloxacin; Tet = Tetracycline; Mep = Methylparaben; Etp = Ethylparaben; Prp = Propylparaben; Bup = Butylparaben
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Table S22: Human Health Risk Quotient (RQy) values for selected antibiotics in water samples from Osun, Oyo, and Lagos

States.
Osun Oyo Lagos
Surface Water
Infant  Toddler Children Teens Adult Infant Toddler Children Teens Adult Infant Toddler Children Teens Adult
Amp 1.82 1.29 0.81 0.66 0.76 4.54 3.21 2.01 1.65 1.91 2.10 1.48 0.93 0.76 0.88
Cip 9.10 6.42 4.02 3.30 3.82 7.99 5.64 3.54 2.90 3.35 7.65 5.40 3.39 2.78 3.21
Met <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Tet 0.88 0.62 0.39 0.32 0.37 1.66 1.17 0.73 0.60 0.70 0.12 0.08 0.05 0.04 0.05
>PBs  0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 <0.01
Groundwater
Amp 1.37 0.97 0.61 0.50 0.57 4.43 3.13 1.96 1.61 1.86 1.24 0.88 0.55 0.45 0.52
Cip 8.66 6.11 3.83 3.14 3.63 8.71 6.15 3.85 3.16 3.65 15.4 10.8 6.79 5.57 6.44
Met <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Tet 0.38 0.27 0.17 0.14 0.16 3.75 2.65 1.66 1.36 1.57 0.38 0.27 0.17 0.14 0.16
>PBs <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01

Amp = Ampicillin; Cip = Ciprofloxacin; Met = Metronidazole; PBs = Parabens
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Figure S1. Percentage frequency detection of antibiotics and parabens in (a) surface water and

(b) groundwater samples from Osun, Oyo, and
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