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Sorption Characteristics and_Site Energy Distribution Theory of Typical Estrqgens On
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Abstract: Microplastics (MPS) and estrogens are high- proﬁle emerglng dlontamlnants at present, and MPs mlgTu become the carrier of gstrogens in the environment and’ mduce
combined pollutlon To study ‘the adsorption behavior of poljyethy leng’ (PE) mlCTOpldSllCS to typical estrogens; the adsorptlon isothermal properties of the six estrogens [ estrone
(EW, 17a+ Ebtrddl()l J7a -E2 ), [ 17B-estradiol (178-E2) , estriol (X3 ) ,__daethylbtxl'beslro] (DES), and ethinylestradiol (17a- EEZ)} in single-solute and mixed-solute
systems were shudied through balch equilibrium adsorption “experiments, inzwhieh the PE microplastics before and after adsorption were characterized by X-ray photoelectron
spectroscopy {XPS) and Folrier transform infrared spectroscopy (FTIR). Then, the site energy distribution theory of the adsorption of six estrogens on PE microplastics was
further anlyzed based on the Freundlich model. The results showed that the adsorption process of selected estrogens with two concentrations (100 pg+L™" and 1000
pg-L™") on PE were more consistent with the pseudo-second order kinetic model. The increase in initial concentration reduced the equilibrium time of adsorption and
increased the adsorbing capacity of estrogens on PE. In the single system (one estrogen) or mixed system (six estrogens) with different concentrations (10 pg+L~"-2000
pgL™"), the Freundlich model showed the best fitting effect for the adsorption isotherm data (R* >0.94). The results of isothermal adsorption experiments and XPS and
FTIR spectra showed that the adsorption of estrogens on PE in the two systems was heterogeneous adsorption, and hydrophobic distribution and van der Waals forces were the
principal factors in the process of adsorption. The occurrence of C—0—C (in only the DES and 17a-EE2 systems) and 0—C ==0 (in only the 17a-EE2 system) indicated
that the adsorption of synthetic estrogens on PE was affected slightly by chemical bonding function, but no obvious effects were observed for natural estrogens. The results of site
energy distribution analysis showed that, compared with the single system, the adsorption site energy of each estrogen shifted to the high-energy region in its entirety in the
mixed system, and the site energy increased by 2. 15%-40.98%. The energy change in DES was the most significant among all of the estrogens, indicating its competitive
advantage in the mixed system. The above results of this study can provide some reference for the study of adsorption hehavior, mechanism of action, and environmental risks
under the coexisting condition of organic pollutants and MPs.

Key words: polyethylene(PE) ; estrogens; adsorption; energy distribution; microplastics ( MPs)
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Fig. 2 Adsorption kinetics of estrogens on PE in different initial Concemrauons
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Table 2 Kinetic adsorption fitting parameters of estrogens on PE

S N 0“ THE—2 THE 2% Elovich 57
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El 2.38 1.85 20.75 0.6635 1.95 6.91 0.7086 1.56 0.15 0.6495
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Table 3 Adsorption isotherm model fitting of estrogens on PE

Linear 57 Langmuir #5171 Freundlich 5%
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DES 31.10 0.9997 0.198 195.98 0.991 4 31.26 1.025 0.999 9
17a-EE2 14.33 0.9873 0.063 244.40 0.9876 14.37 1.018 0.9875
El 25.16 0.998 2 0.201 176.39 0.9414 28.71 0.874 0.9550
17a-E2 16.89 0.8812 0.819 35.15 0.9306 15.60 1.560 0.960 7
g akE 17B-E2 18.80 0.9435 0.239 92.65 0.940 4 18.30 1.088 0.946 3
E3 6.01 0.8118 1.176 10.21 0.9009 5.49 1.695 0.9426
DES 93.09 0.963 7 1.438 96. 66 0.998 6 71.28 1.302 0.999 4
17a-EE2 7.88 0.896 1 0.275 96.47 0.8396 28.14 0.652 0.9870
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Table 4  Surface element contents of PE microplastics before and after adsorption
PR
I JFif PE BEERR
A R El 17a-E2 17B-E2 E3 DES 17a-EE2 Hats
w(C)/% 98.71 98.93 98. 66 98. 67 99.92 98.22 94. 65 98.38
w(0)/% 1.29 1.07 1.34 1.33 0.98 1.78 5.35 1.62
c—C 98.71 98.93 98. 66 98.67 99.92 93.48 84.88 98.38
w(Cl1s)/% C—0—C — — — — — 4.73 6.62 —
0—C=0 — — — — — — 3,15 T —
. N fF o a1
1) " FRJE Al A 7,

ENCLE N E SLAY T

HR A W B 4 T 2 S a5 2R Fr“eundlichu'“'fﬁ T
AR R, BB TSR Sy SR M 2800 PE,
BRI 6 i 5 AT LA Hy el
PR, S PR & 5 1 o (A T R 3
WA R A e e LA {67 Al B VSV 0 T
T 5. 720 — 5 4 0 55 o[BI Tl |

2.3

CASR, BR300 TR T4 (A R R B

thifg 10 Jeeaiol = 1 12 kJ-mol ~' 2247 17 a-EE 26457}
BEP-H0 4 AR 420 8. 011 kJ - mol =1 8. 52
kl-mol ' S —{KRMIL, EHIEKRT EL, 17a-
E2. 178-E2, E3. DES fl 17a-EE2 (J°F-¥17 i fE B
BN T 2.15% ., 20.18% ., 14.99% ., 11.89% .
40.98% F16.35% ; E1 . 17a-E2, 17B8-E2 11 E3 v 55
e AR B o) SrB3E I T 17.03%, 25.65% .,
5.43% 1 3. 36% , ULHH A7 s BE B 20 A A 38 S M T R

25
(a) Lk F
O El © 17a-E2 ¥ 17B-E2
20 ¢ O E3 A DES ¥ 17a-EE2
)
éﬁ 15
E
s
2t
A
=
=l
0k ) A e S S
0 4 8 12 16 20 24

E*/kJ-mol™

302 T U R PP (o Rt U
SlEE G I | € /4

U A7 58 e A s 2 e o R i P 5
A 0 A 5 Rl O B0 E -
i TR REK, IO B 52 2 Ak AR BB, S
e T SRR 5 4 6
F AL RE TR AR G 1 IRV RE X, JELAT L T o 1
FAE I B AR X A R FS X R TR AR R
2 e 2 2 IR0 5% e AT T 3078 PE 1 (9D B 132
A AR Ak, 0 45 RE it B S MM MR A PE 9 4
BUREE AT AR R T, DES BRI B 24 E Ao
SRERET W T, BOEI% (K & P DES BT AT 32411
e BEAN, WA R P DES 90184 At ik bR 50T
WeHE AR IHAE S G R i, DES 1 WA A
WAE  E1 R 170-E2 1R AR P iy T R 2 A i
KA, E3 At S, 56 D28 7 5 4 D BRI AR )

(b) HEKRE

6+

F(£%)/mg-mol-(kg-kJ)™!

E*/kJ-mol™

El6 W#ELEPE HIREEST

Fig. 6 Site energy distribution theory of estrogens on PE



4 39

XA . SRR A GO} L A W BRP R B A a3 BE H 20 A

2165

MR (07 R RE S AR S AN TR B9 i 2R D T AR T 3

EE2 1% B0 5

Ay NEEIN T 18.78% 1 12. 72% ;

7RO B R AT DUR AR AR YOS B T B3 AR A R 6. 911, 3 AT RE AR JE: PE
WHW, SR —RRZML, EAEREAPMNEL Al 17a- X E3 WHHEE DB R R Z —.
x5 BWHEEARERDRMLSEESFFLESH
Table 5 Characteristic parameters of estrogen adsorption site energy distribution in different systems
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