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Mechanism of nitrogen removal by adsorption and
bio-transformation in constructed wetland systems

Chen Mingli Wu Xiaofu Chen Yonghua Dong Minghui

(Institute of Environment Engineering Research, Central South University of Forestry & Technology, Changsha 410004 )

Abstract Three constructed wetland systems, a dropping-flow system( I ), a biofilm bed system( Il ) and
a non-biofilm bed system( Il ) (the control system) , were established using natural vermiculite as adsorbent fill-
er. The experiment,conducted at a NH, -N concentration level of 20 mg/L,was designed to evaluate the contri-
bution of NH," -N removal from wastewaters between pure adsorption and adsorption plus bio-transformation. The
results showed that the natural vermiculite minerals could well be used as a wetland filler to remove NH," -N from
municipal sewage. The NH, -N removal rate in systems | and I was not only 20% higher but also much more
stable than that in system IlI. Oxygen supply in the dropping-flow process further enhanced the treatment effi-
ciency. In the later experiment period the NH, -N removal rate was 24% higher in system I than that in system
Il . Filler adsorption and bio-transformation were found to be the main mechanisms for NH, -N removal in the
treatment system without plants. In comparison, bio-transformation played an even more important role in NH," -
N removal and its highest contribution rate amounted to 87.4% . In addition to nitrification and denitrification,
an anaerobic ammonium oxidation process might also be involved in nitrogen bio-transformation. Results from
correlation analyses indicated that the main factors affecting the intensity of nitrification and denitrification in the
tested systems are DO, the number of involved bacteria and the bio-mass of formed bio-films.

Key words constructed wetland; vermiculite; ammonia-nitrogen; adsoption; bio-tranformation
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Fig. 1 Schematic figure of experimental systems
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Table 1 Water quality of experimental sewage
KBS H ES N Bl
kKK J3 A (L/h) 1.60 1.6
kK COD(mg/L) 187 ~330 0
#EK TN (mg/L) 20.68 ~24.66 20
7K NH,” -N(mg/L) 20. 1 ~21.3 20
#E7K TP(mg/L) 1.50 ~2.00 0
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Table 2 Effluent concentration of

2.1

NH, -N for experimental system

R} i) kK R 741 #4510 EX
(d) (mg/L) (mg/L) (mg/L) (mg/L)
1 20 0.38 0.64 0.20
2 20 0.36 0.59 0.16
3 20 0.65 0.25 0.70
4 20 0.38 0.30 1.38
5 20 0.33 0.49 1.59
6 20 0.27 0.51 1.77
7 20 0.48 0.78 2.79
8 20 0.42 0.77 3.17
9 20 0.44 1.11 3.57
10 20 0.51 2.98 4.47
12 20 0.80 1.29 4.86
34 20 0.18 2.23 11.09
35 20 1.05 2.06 12.28
41 20 2.25 2.83 13.45
49 20 4.02 9.17 16.02
56 20 6.37 11.18 18.29
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Fig.2 Removal rates of ammonia
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Table 3 Influencing factors to intensity of nitrification and denitrification

- il A5 B2 S i B il A T £ S Aif§ A T £X - DO VSS
(mg/(g-h)) (mg/(g-h)) (MPN/¢g) (MPN/¢g) (mg/L) (mg/g)

KD 4.38 x10 ° 0.25x10? 4.572 x10° 2.9 x10° 8.25 2.75 18.74
th 0.63 x10? 2.10 x10? 0.987 x 10° 19.743 x10°  7.49 0.51 28.13

T (HEK) 1.90 x10 73 0.93x10°? 1.102 x10° 3.265 x 10° 7.70 1.42 32.35
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Table 4 Corralation coefficients between intensity of

nitrification and denitrification and influencing factors
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