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Abstract:  Zeolite, iron—carbon composites, and pyrite were selected as fillers for constructed
wetlands to evaluate their performance in removing conventional pollutants from rural sewage as well as
typical estrogenic pollutants, including estrone (E1), estradiol (E2), and 17« —ethinylestradiol (EE2).
Additionally, the pollutants removal efficiency of conventional zeolite-filled constructed wetlands was
examined under varying hydraulic retention times (HRTs). Under the same HRT, the iron—carbon-filled
constructed wetland exhibited the highest removal efficiency for both conventional pollutants and

estrogens, followed by the pyrite-filled constructed wetland. Compared with the zeolite-filled constructed
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wetland, the iron—carbon-filled system achieved 29.30%, 47.39%, 30.80%, and 62.38% higher removal
efficiencies for COD, NH;—N, TN, and TP, respectively, and demonstrated 59.49%, 63.65%, and 45.35%
greater removal efficiencies for E1, E2, and EE2, respectively. In zeolite-filled constructed wetlands, the
removal efficiency of both conventional pollutants and estrogenic pollutants gradually improved with
increasing HRT. Compared to the HRT of 12 hours, extending the HRT to 36 hours resulted in increases
in the removal efficiencies of COD, NH;—N, TN, and TP by 20.12%, 20.22%, 10.98%, and 34.35%,
respectively. Similarly, the removal efficiencies of E1, E2, and EE2 were enhanced by 43.68%, 37.75%,

% 21 #

and 39.78%, respectively.
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constructed wetland;
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Tab.1 Removal efficiency of conventional pollutants by constructed wetlands with fillers of zeolite, iron-carbon

and pyrite mg- L™
WiH COD NH,-N TN TP

#EK thk #EK ok #EK ik K K
W 93.78 £5.32 | 65.89 +£3.12 | 27.50 £ 1.54 | 1830+ 1.13 | 38.32+2.31 | 21.04 +£2.14 | 2.87£0.25| 1.74 £ 0.12
B | 104.31 £8.73 | 6420+4.13 | 32.47+2.87 | 1646+ 1.29 | 39.25+2.98 | 16.10+1.08 |3.66+0.10 | 1.32+0.11
BRERW" | 97.27+7.23| 67.39+6.22 | 34.09+3.11 | 16.08 £2.21 | 43.52+2.14 | 19.17+1.91 |3.63 +0.23 | 1.56 + 0.09
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Tab.2 Removal efficiency of estrogenic pollutants by constructed wetlands with fillers of zeolite, iron-carbon and

pyrite mg- L™
5 El E2 EE2
K Hizk ok HizK ok Hi7K
b e 26.81 +2.67 23.12 +1.99 1139+ 1.11 9.60 + 0.77 1.89 +0.12 1.47 +0.07
FR3 24.60 + 1.98 19.20 + 1.94 11.82+1.91 8.78 +0.81 2.26 +0.09 1.53£0.17
ek 29.78 +2.36 24.44 +2.02 10.14 + 1.01 8.04 + 0.88 228 +0.15 1.48 £0.16
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Tab.3 Removal efficiency of conventional pollutants by constructed wetlands with zeolite filler at different HRTs

mg- L™
TiH COD NH,-N TN TP
ok HiK K HK Ik K ok HK
HRT=12h | 93.82 +8.65 | 69.17 +6.13 | 27.38 +2.41 | 1885+ 1.71 | 42.71 +3.42 | 24.11 +2.19 | 2.19+0.11 1.46 +0.12
HRT=24h | 93.78 +5.32 | 65.89 +3.12 | 27.50 = 1.54 | 18.30 + 1.13 | 38.32 +2.31 | 21.04 +2.14 | 2.87 +0.25 1.74 £ 0.12
HRT=36h | 96.93 +7.41 | 66.34 +4.72 | 26.22 +2.91 | 16.40 + 1.77 | 38.36 +2.92 | 19.82 +2.08 | 2.30 +0.09 1.27 +£0.11
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Tab.4 Removal efficiency of estrogenic pollutants by constructed wetlands with zeolite filler at different HRTs

mg- L™
H ‘ El ‘ E2 ‘ EE2
eIk HiK HEK HiK HEK HK
HRT=12 h 26.82 + 1.99 24.02 +3.11 12.59 + 1.02 1091 £ 1.11 3.12+0.22 2.46 +0.21
HRT=24 h 26.81 + 2.67 23.12+1.99 1139+ 1.11 9.60 £ 0.77 1.89 £0.12 1.47 + 0.07
HRT=36 h 26.80 + 2.61 22.78 + 2.41 11.37 + 0.99 9.28 + 0.79 1.86 + 0.08 1.31+0.11
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