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Abstract Nitrogen N and phosphorus P in secondary effluent often cause eutrophication of reiceiving water body. Nitrogen present
mainly in form of ammonium under low temperature, which is toxic to organisms. Constructed wetland is one of the most effective technologies
for removal of N and P from secondary effluent. However, N removal rate by constructed wetlands is low under low temperature, and a long hy —
draulic retention time 4~7 d is required. Substrates play an important role in P removal by constructed wetlands. While N removal by con-
structed wetlands is mainly governed by nitrification and denitrification processes. Plant removal of N and P is critical for highly contaminated
water body by these elements. A combined ecological system was designed based on former studies with different substrates, microbe, and
plants with respect to their removal efficiencies for N, P and heavy metals and the properties of secondary effluent. The combined ecological
systems were performed at short hydraulic retention time for five months. The results showed the combined ecological systems had an excel -
lent removal rates for COD.,, NH:=N, TN and TP. The removal rate is>91% for COD, ,>98% for NH:-N,>90% for TN, and>97% TP.
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Figure 1 Experiment set—up of conbined ecological systems
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2 CODe,
Table 2 Removal rate and effluent concentrations of CODy, in different units
/mg- L /mg- L™ 1% /mg- L™ 1% /mg- L™ 1%
11 41.24+0.99 22.31+£2.09 45.91+4.69 7.83+0.78 64.87+0.23 2.78+0.27 64.52+0.16
12 38.10+1.91 20.98+0.66 44.93+3.15 7.78+0.19 62.92+0.29 2.93+0.093 62.37+1.32
1 41.24+1.17 24.76+1.34 39.97+1.69 9.39+0.83 62.08+1.59 3.60+0.55 61.68+3.12
2 35.16+3.39 21.60+3.24 38.56+7.12 10.60+0.55 50.91+4.72 4.04+0.12 61.87+1.73
3 32.16x1.45 16.74£1.10 47.94+1.17 6.77+0.50 59.57+2.17 2.34+0.23 65.43+0.99
o
COD, o COD¢,
CODe, 51% ~65% 2
5 N
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2 o
91 %
~97% 3.
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Table 3 Removal rate and effluent concentrations of NHi—N in different units
/mg- L /mg- L 1% /mg- L 1% /mg- L™ 1%
11 14.09+0.30 0.73£0.12 94.82+0.90 0.21+0.04 70.78+1.09 0.11+£0.02 48.43+1.28
12 14.61+0.49 0.81+0.05 94.23+0.38 0.24+0.02 69.96+0.36 0.14+0.01 41.10+4.60
1 18.12+0.31 1.16£0.11 93.56+0.50 0.38+0.01 67.42+2.30 0.25+0.01 34.21+2.30
2 16.11+0.83 1.39+0.18 91.37+0.92 0.48+0.09 65.47+2.04 0.32+0.07 33.33+£2.17
3 12.67+0.84 0.39+0.16 96.95+1.08 0.11+0.04 72.21£4.39 0.07+0.04 40.63+22.04
4 NO;-N
Table 4 Removal rate and effluent concentrations of NO;=N in different units
/mg- L™ /mg-L" 1% /mg-L™" 1% /mg- L™ 1%
11 2.61+0.58 3.90+0.88 —49.30+35.52 1.05+0.02 72.97+5.98 0.47+0.08 55.70+£7.17
12 3.30+0.25 4.11+0.11 -24.52+9.29 1.86+0.24 54.70+5.01 0.91+0.12 51.62+0.66
1 2.14+0.64 2.64+0.71 —22.83+7.22 1.45+0.09 44.75+10.63 0.78+0.07 46.68+2.43
2 3.13+0.12 4.12+0.74 -31.24+28.13 2.01+0.29 51.01£14.99 1.38+0.25 31.24+£2.42
3.97+0.30 5.73+0.62 -44.21+10.23 1.61+0.18 71.96+6.1 0.85+0.10 47.30+3.03
5 NO;-N
Table 5 Removal rate and effluent concentrations of NO;—N in different units
/mg-L" /mg-L" 1% /mg-L! 1% /mg-L" 1%
11 1.05+0.17 3.12+0.09 —197.14£56.77 0.05+0.02 98.40+0.67 0.07+0.02 -33.33+26.19
12 1.48+0.35 3.63+0.55 —145.50+27.41 0.14+0.04 96.23:0.41 0.17+0.05 -21.95+1.78
1 1.84+0.11 5.4+0.17 —195.10£17.75 0.20+0.03 96.25+0.60 0.25+0.03 -21.31£7.92
2 1.55+0.07 6.08+0.25 -291.42+22.54 0.29+0.02 95.29+0.43 0.33+0.02 -15.12+2.49
3 2.34+0.31 4.5+0.50 -92.30+30.52 0.07+0.03 98.52+0.68 0.09+0.04 -30.00+15.29
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Table 6 Removal rate and effluent concentrations of TN in different units
/mg- L /mg- L™ 1% /mg- L™ 1% /mg- L™ 1%
11 17.55+0.67 8.11+0.89 53.78+6.50 1.51+0.15 81.42+0.74 0.87+0.14 45.19+4.06
12 19.21£1.09 9.40+1.37 51.07+6.17 2.53+0.17 73.12+3.86 1.43+0.09 43.75+1.56
1 26.49+0.51 11.76+0.52 55.60+2.22 3.03+0.31 74.26+2.91 2.05+0.10 30.58+5.64
2 24.06+1.10 12.04+0.80 49.95+1.55 3.39+0.32 71.88+4.24 2.44+0.22 28.80+2.40
3 20.23+0.85 11.35+1.04 44.21+6.31 2.08+0.28 81.67+4.14 1.27+0.24 27.90+11.35
7 TP
Table 7 Removal rate and effluent concentrations of TP in different units
/mg- L™ /mg-L" 1% /mg-L" 1% /mg- L 1%
11 0.80+0.24 0.055+0.008 93.13+1.64 0.048+0.009 12.73+5.32 0.019+0.005 59.72+7.33
12 0.97+0.35 0.088+0.022 90.96+1.34 0.072+0.021 17.87+5.44 0.027+0.009 62.50+5.33
1 1.20+0.24 0.079+0.017 93.50+1.29 0.069+0.014 12.28+1.26 0.030+0.004 56.04+8.33
2 1.58+0.14 0.088+0.004 94.45+0.60 0.072+0.007 18.25+9.60 0.032+0.003 55.35+4.40
3 1.30+0.23 0.071+0.016 94.51+0.54 0.062+0.016 13.55+4.27 0.025+0.007 58.92+1.10
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