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Abstract ; Bio-ceramic, anthracite, zeolite, steel slag and vermiculite were used as substrate according to different kinds of gradation to
treat wastewater in vertical-flow constructed wetlands simulation systems. The results show that the removal ability of COD by graded
substrates according to particle size are better than single substrates, and average removal efficiency by graded bio-ceramic is up to
72.91% . The removal rate of TN by graded zeolite, which reaches 91. 23% , is higher than single zeolite. No significant difference(p
<0.05) is detected with regard to organic matter and nitrogen removal between single and combined use of bio-ceramic and zeolite.
The pH values in effluents of all columns filled with steel slag and anthracite are within normal limits, but phosphorus removal of all
columns filled with steel slag and anthracite are lower than that filled with single substrates, except for the column filled with
anthracite, vermiculite and steel slag from up to down. No difference between planted and unplanted systems can be observed. The
present results probably provide a basis for vertical-flow constructed wetland design, among which based on the characteristic of
wastewater proper selection of high-efficiency graded substrates, e. g., graded bio-ceramic, graded zeolite, graded anthracite,
combined use of bio-ceramic, zeolite and anthracite, is a guarantee of better performance at a high hydraulic loading rate.
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Concentrations of pollutants in the tested influent

/C 9.3~25.5 19.1 5.0
pH 7 ~8.31 7.76 0.39
COD/mg - Lt 35 ~ 155 90 35
TN/mg + L~ 6.289 ~15.909 10. 249 3.202
NH," -N/mg - L-! 4.216 ~15.474 8. 711 2.873
NO, -N/mg - L' 0.008 ~0.023 0.015 0. 004
NO; -N/mg - L -! 0.007 ~0.214 0.099 0. 061
TP/mg - L' 0.326 ~1.781 1. 059 0.372
']“T)P/mg-lfl 0.319 ~ 1. 545 0. 816 0. 360
SRP/mg - L' 0.251 ~1.357 0. 706 0.334
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Table 2 Main chemical composition of the tested substrates/%
Co, — 74.6 — — 7.97
Si0, 64.07 6.98 66. 46 33.09 40. 62
SO, — 7.65 — 2.5 —
Na, O — — 1.08 — —
MgO 4.06 — — 8.4 23.55
Al O, 19. 84 7.36 13. 14 14. 88 13.08
K,0 1.46 — 2.42 — 4.33
CaO — 1.1 3.16 36.13 —
Fe, 0, 8. 69 1.69 1.3 1.05 5.48
TiO, 0. 86 — — — —
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ANOVA analysis of removal rates of COD, N and P in the columns with different graded substrates/%

Table 3
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4
31.40 £29.62 b

NH
20.97 £22.13 b

TN

COD

20.82 +36.74 b
80.07 +17.41 a

37.72 £26.24 b
62.02 +28.40 ab
33.26 £25.03 b
34.15 £26.00 b

49.57 £31.54 b

25.31 £23.90 b
25.12 £20.48 b

91.23 £6.01 a

72.91 £15.82 a

60.38 £19.55 b

3.63 £40.84 b
7.08 £36.15 b
31.72 £45.35 b
27.09 +49.15 b

95.38+2.54 a

62.72 £19.36 ab
54.00 £25.79 b
68.77 £16.60 ab
58.79 £20.19 b
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Fig.6 Average removal rates of TP and SRP in all columns

Average removal rates of TN and NH," -N in all columns
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