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Figure S1. Representative plots of the fitting of linearized forms of pseudo-first (m) and pseudo-

second (O0) order equations to experimental sorption data for (A) Ben (B) Tol (C)Xyl (D) Pyr
(E) (B(b)F and (F) B(a)P onto the Pec/CS hydrogel, at 25 °C.
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Figure S2. Representative plots of the fitting of linearized forms of pseudo-first (m) and pseudo-
second (O) order equations to experimental sorption data for A) Ben (B) Tol (C) Xyl(D) Pyr (E)
(B(b)F and (F) B(a)P onto the Pec-B-CD/CS hydrogel, at 25°C.
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Figure S3. Representative plots of the fitting of linearized forms of pseudo-first (m) and pseudo-
second (O0) order equations to experimental sorption data for A) Ben (B) Tol (C)Xyl(D) Pyr (E)
(B(b)F and (F) B(a)P onto the Pec-PVA/CS hydrogel, at 25°C.
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Figure S4. Representative sorption isotherms of benzene, toluene, xylenes, pyrene, B(b)F and

B(a)P, from aqueous solutions, by the (A) Pec/CS, (B) Pec-B-CD/CS and (C) Pec-PVA/CS

hydrogels, at 25°C. Solid and dashed lines correspond to the fitting of BET and Freundlich

models to the experimental data, respectively. A) to C) Ben (m), Tol (0), Xyl (A), Pyr (©),
B(b)F () and B(a)P (O).



and contaminated environmental media.

Table S1. Typical concentrations of BTXs and PAHs in petroleum and petroleum derivatives,

Hydrocarbon  Source concentration ref.
(mg/L)
Soil sample, two months after an oil spill
73.2 (£14.0) !
(Nigeria).
Benzene Crude oil 1870 (£20) 2
Sea water 0.0008 34
Gasoline 900 (x£100) 3
Soil sample, two months after an oil spill
o 19.2 (£12.5) !
(Nigeria).
Toluene )
Crude oil 6610 (£30) 2
Gasoline 7500 (£100) >
Soil sample, two months after an oil spill
21.7 (+4.6) !
(Nigeria).
Xylenes
Crude oil 3000 2
Gasoline 13100 (+400) 3
Crude oil 9.2 6
Gasoline 110(£10) 3
Pyrene
Produced water in oil production offshore and
6.30x10* 78
onshore (PW)*
Crude oil 14 6
B(b)F Gasoline 4(£0.3) 3
PW 2.80x10° 7.8
Crude oil 7.7 6
B(a)P Gasoline 50(0.2) >
PW 5.20x10+ 78

*PW - generally consists of a mixture of formation water contained naturally in the reservoir,

injected water user for the recovery of oil and treatment chemicals added during production®’



Table S2. Composition of the BTXs and PHAs mixed solutions used to obtain the sorption

isotherms, at 25 °C, for the indicated adsorbents.

Cy (mg L)

Pec/CS Benzene Toluene Xylenes Pyrene B(b)F B(a)P
C1S 11.5(+0.2)* 10.5(+0.3) 9.5(+0.2) 2.1(+0.1) 2.0(+0.1) 2.0(+0.1)
C28 22.5(%0.7) 21.5(x0.5) 21.6(+0.5) 4.3(+0.1) 4.2(x0.1) 4.0(+0.1)
C3S 38.7(£1.0) 32.9(+0.9) 33.7(+0.8) 6.9(+0.2) 6.7(x0.2) 6.7(£0.2)
C4S 449(£1.1)  41.09(£1.03)  42.7(£1.1) 8.7(+0.2) 8.6(+0.2) 8.6(£0.2)
CsS 45.2(£1.1) 48.4(x1.2) 51.3(%1.3) 10.5(£0.3) 9.7(x0.2) 10.8(+0.3)
Ce6S 53.1(+1.3) 56.9(£1.4) 60.5(£1.5) 12.5(x0.3) 11.5(£0.3) 13.1(x0.8)

Pec-B-CD/CS
BIS 11.4(£0.2) 9.6(+0.2) 10.5(x0.2) 2.1(£0.1) 1.47(x0.04) 2.7(+0.1)
B2S 14.5(+0.3)  12.5(£0.2)  18.4(x0.4)  4.1(20.1) 3.0(x0.1) 4.0(x0.1)
B3S 19.3(+0.4) 19.9(+0.4) 19.7(+£0.4) 6.7+0.2) 4.0(x0.1) 5.1(£0.1)
B4S 26.9(+0.5) 23.0(%0.5) 25.5(+0.5) 8.1(£0.2) 8.9(£0.3) 7.3(£0.1)
BSS 33.3(x0.7) 33.4(x0.7) 32.1(+0.6) 9.9(+0.3) 11.2(£0.3) 9.3(£0.2)
B6S 38.7(x0.8) 38.9(+0.8) 41.0(0.8) 10.1(£0.3) 13.5(+0.4) 11.5(£0.2)

Pec-PVA/CS
P1S 8.8(+0.2) 7.7(£0.2) 7.0(+0.2) 1.63(£0.04)  0.76(x0.02)  1.25(£0.04)
P2S 15.1(x0.3) 13.1(£0.3) 14.7(x0.4) 3.4(=0.1) 1.79(x0.04) 2.7(+0.1)
P3S 21.5(x0.4) 17.9(x0.4) 21.2(+0.6) 4.8(+0.1) 2.3(x0.1) 3.7(£0.1)
P4S 25.7(%0.5) 22.1(=0.4) 25.9(+0.8) 5.6(+0.1) 3.1(x0.1) 5.1(£0.2)
P5S 28.4(+0.6) 31.1(x0.6) 31.5(x0.9) 7.0(+0.2) 5.3(x0.1) 5.5(+0.2)
P6S 38.6(+0.8) 38.1(+0.8) 37.1(£1.1) 7.2(+0.2) 6.6(x0.2) 6.1(£0.2)

*values inside brackets are standard deviations of the average



Table S3.Composition of mixed BTXs and PHAs solutions used to measure sorption kinetics

onto the indicated hydrogels, at 25 °C.

Cy (mg L)

Pec/CS Benzene Toluene Xylenes Pyrene B(b)F B(a)P
C1K 11.5(x0.2)*  10.5(%0.2) 9.5x0.2)  2.10(x0.04)  2.01(+0.03) 2.01(x0.04)
C2K 22.5(+0.4) 21.5(x0.4)  21.6(x0.4) 4.3(x0.1) 4.2(x0.1) 4.0(x0.1)
C3K 38.7(x0.8)  32.9(20.5)  33.7(x0.7)  6.9(0.1) 6.7(x0.1) 6.7(x0.1)
C4K 44.9(+0.9) 41.1(+0.8) 51 (1) 8.6(£0.2) 8.6(+0.1) 10.8(+0.2)
C5K 53 (x1) 57 (£1) 60 (£1) 12.5(+0.3) 11.5(£0.2) 13.1(£0.3)

Pec-B-CD/CS
BIK 11.4(x0.6) 9.8(%0.5) 10.3(£0.5) 2.1(+0.1) 1.5(=0.1) 2.7(+0.1)
B2K 15.9(£0.8) 13.5(x0.7)  18.8(x0.9) 4.2(x0.2) 3.0(+0.2) 5.1(£0.3)
B3K 27(£1) 23(£1) 24.4(*+1.3) 7.3(x0.4) 4.4(x0.2) 7.3(+0.4)
B4K 34 (£2) 32(x2) 36(x2) 8.4(£0.4) 5.9(£0.3) 9.8(+0.5)
B5SK 39(x2) 33(x2) 43(£2) 9.9(+0.5) 6.7(£0.3) 11.5(+0.6)
Pec-PVA/CS
P1K 8.8(+0.4) 7.7(£0.4) 7.0(£0.4) 1.7(£0.1) 0.89(+0.04) 1.4(+0.1)
P2K 15.1(+0.8) 13.1(x0.7)  14.4(x0.7) 3.4(£0.2) 1.7(x0.1) 2.7(£0.1)
P3K 21 (£1) 18.9(1) 21(£1) 4.8(£0.2) 2.3(x0.1) 3.7(x0.2)
P4K 23 (£1) 18.8(+0.9) 22(%1) 6.0(£0.3) 3.1(£0.2) 4.9(£0.2)
P5K 28 (£1) 25.3(x1) 31(£2) 7.1(£0.4) 3.4(£0.2) 5.5(£0.3)

*values inside brackets are standard deviations of the average



Table S4. Fitting kinetic parameters for the simultaneous sorption of BTXs and some PAHs

onto the Pec/CS hydrogel, at 25 °C.

Benzene
e.exp qe ky (1074 e e ky (10 e
(mgg') (mgg') gmg's?) (mgg')  gmg's)
CIK 0.42(x0.01)* 0.41(20.02) 1.16(x0.02) 3.20 0.46(x0.04) 0.37(x0.03)  12.95
C2K 0.49(x0.01)  0.48(20.02) 1.16(x0.02) 3.24 0.54(x0.04) 0.52(x0.04)  12.89
C3K 0.86(x0.03)  0.83(x0.02) 1.17(x0.02) 3.25 0.93(x0.02) 1.56(x0.04) 12.41
C4K 1.09(x0.03)  1.05(x0.02) 1.16(x0.02) 3.18 1.17(x0.02) 2.47(x0.04) 1221
C5K  1.5(x0.1) 1.46(0.02)  1.16(£0.02) 320 1.64(£0.02) 4.84(x0.04) 11.92
Toluene
e.exp Ge. ky (1074 e Ger ky (10 e
(mgg') (mgg') gmg's™) (mgg')  gmg's)
CIK 0.40(0.01)* 0.39(£0.01) 1.16(x0.02) 3.25  0.44(x0.06) 0.35(x0.03) 13.11
C2K  0.71(20.02)  0.69(£0.02) 1.16(+0.02) 479  0.77(x0.03) 1.07(x0.02) 13.65
C3K  1.31(20.04) 1.26(£0.02) 1.16(x0.02) 439  1.41(x0.02) 3.60(+0.03) 13.12
C4K  1.8(x0.1)  1.71(£0.02) 1.16(x0.02) 3.25 1.92(+0.04) 6.63(x0.04) 11.78
C5K  2.9(x0.1)  2.82(£0.03) 1.16(x0.03) 3.21  3.16(x0.02) 11.81(x0.03) 11.35
Xylenes
eexp Ge. key (1074 i Ger ky (1074 e
(mg g) (mgg') gmg's™) (mgg')  gmg's™)
CIK 0.37(x0.01) 0.35(£0.02) 1.16(+0.02) 5.66  0.4(x0.1)  0.28(x0.02) 13.15
C2K  0.70(20.02)  0.67(£0.02) 1.16(x0.03) 4.84  0.75(x0.03) 1.02(x0.02) 12.59
C3K  1.25(x0.04) 1.20(20.02) 1.16(x0.02) 4.22  1.34(x0.02) 3.28(x0.03) 12.09
C4K  2.5(x0.1)  2.4(£0.02) 1.16(x0.02) 3.18  2.69(x0.02) 13.1(x0.1) 11.48
C5K  3.7(x0.1)  3.6(x0.02) 1.17(x0.02) 3.15  4.03(x0.04) 29.4(x0.1) 11.14
Pyrene
Geexp e, ky (104 C Ge2 ky (107 c
(mgg™) (mgg') gmg's) (mgg')  gmg's™)
CIK  0.09(x0.01)  0.09(£0.02) 1.16(20.02) 3.22  0.09(x0.02) 0.17(x0.02) 14.37
C2K  0.17(x0.01)  0.16(£0.02) 1.16(x0.02) 3.15  02(x0.1)  0.62(x0.02) 13.81
C3K  0.31(20.01)  0.30(£0.02) 1.16(x0.02) 3.25  0.3(x0.1)  2.04(x0.01) 13.29
C4K  0.43(x0.01) 0.41(£0.02) 1.15(0.01) 3.25  0.46(+0.02) 3.8(+0.02)  13.02



C5K  0.75(x0.02)  0.72(20.02) 1.16(x0.02) 3.25 0.81(x0.01) 11.8(x0.1)  12.53
B(b)F
eexp Ge ky (1074 e e ks (10 e
(mg g™) (mgg') gmg's™) (mgg")  gmg's™)
CIK 0.06(x0.01) 0.06(x0.02) 1.16(x0.01) 3.24  0.07(x0.02) 0.09(x0.01) 14.65
C2K  0.12(+0.02)  0.12(x0.01) 1.16(x0.01) 3.25  0.13(0.02) 0.33(x0.03) 14.09
C3K  0.24(x0.02)  0.23(£0.02) 1.15(x0.02) 3.24  0.26(x0.03)  1.2(x0.1)  13.52
C4K  0.39(x0.01) 0.38(+0.02) 1.16(x0.02) 3.25  0.4(x0.1)  3.3(x0.1)  13.09
C5K  0.67(20.02)  0.64(£0.02) 1.16(x0.01) 3.23  0.72(20.03)  9.33(x0.1)  12.63
B(a)P
Geexp e, ki (10 c Gen ky (107 e
(mg g™") (mgg')  gmg's) (mgg')  gmg's™)
CIK  0.07(x0.01) 0.07(x0.02) 1.16(x0.02) 3.23  0.08(x0.01) 0.10(x0.02) 14.59
C2K  0.13(£0.02)  0.13(£0.02) 1.16(x0.02) 3.25  0.14(x0.02) 0.36(x0.02) 14.05
C3K  0.24(x0.02)  0.24(+0.02) 1.16(x0.01) 3.24  0.27(x0.01) 1.30(x0.01) 13.49
C4K  0.54(x0.01)  0.52(+0.02) 1.16(x0.01) 3.25 0.57(x0.04) 6.05(x0.01) 12.82
C5K  0.72(£0.02)  0.69(20.02) 1.16(x0.02) 3.23  0.77(x0.03)  10.7(x0.1)  12.57

*values inside brackets are standard deviations of the average



Table SS. Fitting kinetic parameters for the simultaneous

onto the Pec-B-CD/CShydrogel, at 25 °C.

sorption of BTXs and some PAHs

Benzene
Geexp Ge.l ki (107 m Ger ky (103 C
(mgg') (mgg') gmg's?) (mgg')  gmg's)
BIK  0.58(x0.02) 0.61(x0.01) 1.95(x0.05) 4.16  0.62(x0.04) 0.09(x0.01) 12.66
B2K  1.08(x0.03)  1.2(x0.1) 1.76(x0.05) 3.89  1.17(x0.02) 0.26(x0.01) 12.05
B3K  23(x0.1)  237(x0.03) 1.71(x0.05) 3.44  2.45(x0.01) 1.20(x0.01) 11.40
B4k  2.8(x0.1)  2.87(+0.04) 1.72(x0.04) 3.63  3.01(x0.01) 2.08(x0.01) 10.88
B5K  4.02(x0.12)  4.3(x0.1)  1.87(x0.05) 3.85  4.33(x0.01) 4.01(x0.01) 10.88
Toluene
Geexp e ki (10 AIC ey ky (1073 m
(mgg') (mgg') gmg's™) (mgg')  gmg's)
BIK 0.49(x0.01)  0.5(x0.1) 1.95(x0.01) 4.18  0.54(x0.04) 0.06(x0.04) 12.74
B2K  0.83(x0.02)  0.9(x0.1)  1.63(x0.01) 4.10  0.90(x0.02) 0.15(x0.04) 12.25
B3K  1.7(x0.1) 1.9(£0.1)  2.28(x0.01) 3.99  1.80(x0.02) 0.91(x0.04) 11.87
B4K  2.4(x0.1) 2.1(0.1)  1.93(x0.02) 4.59  2.45(x0.01) 1.42(x0.04) 10.69
B5K  2.6(x0.1) 2.8(£0.1)  1.54(x0.01) 421  2.81(x0.01) 2.45(x0.04) 11.51
Xylenes
eexp Ge. key (1074 i Ger ky (1073 e
(mg g) (mgg') gmg's™) (mgg')  gmg's™)
BIK 0.41(x0.01)  04(x0.1) 1.59(x0.01) 4.05  0.44(x0.04) 0.05(x0.04) 12.58
B2K  0.90(+0.03)  0.95(+0.04) 1.62(+0.01) 4.08  0.98(x0.02) 0.18(x0.04) 12.19
B3K  1.7(x0.1) 1.9(x0.1)  2.07(x0.02) 427  1.86(+0.02) 0.84(£0.04) 12.02
B4K  3.3(x0.1) 3.4(0.1)  1.6(x0.1)  3.57  3.59(x0.01) 2.53(x0.04) 10.73
B5K  3.8(x0.1)  3.93(+0.03) 1.74(x0.04) 4.18  4.09(x0.01) 3.78(x0.04) 11.20
Pyrene
Geexp e, ky (104 C Ge2 ky (104 c
(mg g) (mgg') gmg's™) (mg g™ gmg's™)
BIK  0.13(0.01)  0.14(20.04) 1.7(x0.1)  3.87  0.14(x0.01) 0.04(x0.01) 14.03
B2K  0.21(x0.01)  0.22(x0.01) 1.68(x0.01) 420  0.22(x0.01) 0.09(x0.04) 13.50
B3K  0.49(x0.01) 0.53(x0.05) 1.80(x0.01) 4.04  0.53(x0.04) 0.55(x0.04) 12.78
B4K  0.88(x0.02) 0.94(£0.06) 1.71(x0.01) 4.19  0.96(x0.03) 1.69(x0.04) 12.54



B5K  2.08(x0.03) 2.12(x0.05)  1.8(x0.1)  3.99  2.13(x0.01) 9.13(+0.04) 12.03
B(b)F
eexp Ge ky (1074 e e ks (10 e
(mg g™) (mgg') gmg's™) (mgg")  gmg's™)
BIK  0.08(x0.02) 0.08(x0.04) 1.79(+0.04) 3.72  0.08(£0.01) 0.16(+0.01) 14.19
B2K  0.13(£0.01)  0.14(x0.04) 1.92(+0.04) 3.89  0.14(=0.01) 0.46(x0.01) 13.76
B3K  0.32(£0.01) 0.33(x0.04) 1.91(£0.04) 3.94  0.34(£0.04) 2.71(x0.04) 12.94
B4K  0.59(£0.01)  0.63(x0.04) 1.93(£0.03) 3.83  0.63(x0.01) 9.54(£0.01) 12.43
B5K  0.65(x0.02)  0.69(x0.01) 1.91(£0.01) 3.89  0.69(x0.02) 11.6(x0.01) 1231
B(a)P
Geexp e, ki (10 c Gen ky (104 e
(mg g™") (mgg')  gmg's) (mgg')  gmg's™)
BIK  0.13(£0.01)  0.13(x0.04) 1.73(£0.01) 4.02  0.14(£0.01) 0.06(x0.04) 13.89
B2K  0.22(£0.01)  0.23(x0.04) 1.92(£0.01) 3.89  0.23(£0.01) 0.13(x0.01) 13.34
B3K  0.50(x0.02) 0.53(x0.04) 1.91(£0.01) 3.87  0.53(x0.03) 0.71(£0.04) 12.53
B4K  0.91(£0.03) 0.96(x0.04) 1.93(£0.01) 3.75  0.97(x0.02) 2.33(£0.04) 12.05
BSK  1.04(x0.03) 1.10(£0.04) 1.9(x0.1)  3.82  1.11(x0.02) 2.98(x0.01) 11.94

*values inside brackets are standard deviations of the average



Table S6. Fitting kinetic parameters for the simultaneous

onto the Pec-PVA/CShydrogel, at 25 °C.

sorption of BTXs and some PAHs

Benzene
e.exp Ge, ky (1074 e e ky (10 e
(mgg™) (mgg') gmg's) (mgg')  gmg's)
PIK  0.21(20.01) 0.22(20.02) 1.68(x0.05) 3.46 0.22(x0.02) 0.02 (x0.01) 13.23
P2K  0.68(x0.02)  0.7(x0.1)  1.68(x0.05) 3.73  0.69 (x0.01) 0.15(x0.01)  9.54
P3K  1.07(20.03)  1.04(£0.08) 1.38(£0.05) 4.10  1.09(20.02) 0.26(x0.01) 12.10
P4K  1.7(x0.1) 1.8(20.1)  1.56(x0.04) 427  1.74(x0.02) 0.56(x0.01) 12.11
P5K  2.6(x0.1) 2.6(£0.1)  1.62(x0.05) 3.96  2.67(x0.02) 1.97(x0.02) 12.19
Toluene
e.exp Ge. ky (1074 e Ger ky (107 e
(mgg™) (mgg') gmg's™) (mgg')  gmg'sT)
PIK  0.17(0.01)  0.2(x0.1) 1.59(x0.01) 424  0.17(x0.02) 0.92(x0.01) 13.19
P2K  0.44(+0.01)  0.4(0.1)  1.94(+0.02) 3.99  0.45(x0.01) 0.85(+0.02) 12.80
P3K  1.10(20.03)  1.2(£0.1) 1.56(x0.01) 420  1.13(20.02) 2.61(x0.02) 12.31
P4K  1.29(+0.04)  1.4(x0.1) 1.41(x0.01) 412 132(0.02) 2.73(+0.02) 12.39
P5SK  2.4(0.1) 2.7(0.1)  1.39(x0.01) 422  2.52(x0.02) 7.82(x0.02) 12.32
Xylenes
Geexp Ge, ky (1074 e e ky (10 e
(mgg™) (mgg') gmg's) (mgg')  gmg's)
PIK  0.19(20.01)  0.21(£0.04) 1.61(x0.02) 3.81  02(x0.1)  0.06(x0.01) 14.13
P2K  0.58(+0.02)  0.6(x0.1)  2.2(x0.1) 448  0.59(+0.01) 1.59(+0.02) 12.50
P3K  1.25(0.04)  13(x0.1)  1.6(x0.1) 416  127(+0.02) 3.3(x0.1)  12.20
P4K  1.54(20.04)  1.6(£0.1) 1.39(x0.01) 425 1.58(x0.01) 4.6(x0.1) 12.11
P5K  2.9(x0.1) 2.5(0.1)  1.73(x0.02) 3.81  2.89(+0.03)  5.1(+0.1)  10.83
Pyrene
e.exp Ge. key (1074 e Ger ky (107 e
(mgg™) (mgg") gmg's?) (mgg™) gmg's)
PIK  0.07(x0.01)  0.07(x0.04) 1.7(x0.1)  3.93  0.07(x0.01) 0.01(x0.01) 14.72
P2K  0.16(+0.01)  0.17(x0.04) 1.8(+0.1)  3.80  0.17(+0.03) 0.07(+0.01) 13.60
P3K  0.30(20.01) 0.31(£0.03) 1.7(x0.1)  3.70  0.31(x0.01) 0.25(x0.01) 13.07
P4K  0.47(20.01) 0.48(£0.04) 1.7(x0.1)  3.78  0.48(0.01) 0.62(+0.01) 12.64



PSK  0.89(x0.02) 0.91(+0.04) 1.7(x0.1)  3.73  0.90(x0.01) 2.02(x0.01) 12.24
B(b)F
eexp Ge ky (107 e e ky (1075 e
(mgg™) (mgg) gmg's™h (mgg")  gmg's™)
PIK  0.04(x0.01) 0.04(x0.01) 1.6(x0.1)  3.88  0.04(x0.01) 0.04(z0.01) 15.16
P2K  0.06(x0.01)  0.06(x0.03) 1.9(x0.1)  3.70  0.06(x0.04) 0.12(x0.01) 14.31
P3K  0.11(20.01)  0.12(+0.03)  1.9(x0.1)  3.65 0.12(x0.03) 0.47(x0.01) 13.78
P4K  0.17(x0.01)  0.17(x0.04) 1.9(x0.1)  3.75 0.17(x0.02)  1.1(z0.1)  13.19
PSK  0.33(20.01)  0.33(20.04) 1.9(z0.1)  3.64 0.34(x0.01) 3.59(x0.01) 12.84
B(a)P
Geexp e, ki (107 c Gen k, (1073 e
(mg g™") (mgg')  gmg's) (mgg')  gmg's™)
PIK  0.06(x0.01) 0.07(x0.04) 1.7(z0.1)  3.87  0.06(x0.04) 0.08(x0.01) 14.83
P2K  0.09(x0.02) 0.10(x0.04) 1.9(x0.1)  3.73  0.10(x0.04)  0.3(x0.1)  13.87
P3K  0.19(z0.01)  0.19(x0.04) 1.9(z0.1)  3.70  0.19(x0.02) 1.17(x0.04) 13.37
P4AK  0.26(x0.01) 0.26(+0.04) 1.9(x0.1)  3.81  0.27(x0.01) 2.47(x0.04) 12.83
P5K  0.52(20.02) 0.52(20.03) 1.9(x0.1)  3.66  0.53(x0.01) 9.12(x0.04) 12.42

*values inside brackets are standard deviations of the average
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