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Abstract 

Nitrification and denitrification in flood and drain (tidal flow) treatment wetlands is strongly influenced by sorption chemistry of ammonium (NH4+) cations (Tanner el at, 1999. Austin et al, 2003).  When media is flooded NH4+ ions sorb to cation exchange sites.  Rapid aeration of biofilms upon draining (Behrends 1999) permits bacterial nitrification of sorbed NH4+ ions.  Nitrate ions desorb in the next flood stage and then are used as terminal electron acceptors in heterotrophic denitrification.
How important is the cation exchange capacity (CEC) of the raw wetland media to the treatment performance of tidal flow wastewater treatment wetlands?  A double parallel column study was conducted to determine how CEC affects treatment performance of tidal flow wetlands (Table 1).  Two columns
 used a LESA
 medium.  LESA has a negative charge.  Two column used an HDPE
 medium.  HDPE has a neutral charge.  One column of each type
 was planted.  Columns were fed with a manufactured wastewater made from dried cheese whey, urea pearls, and well water.  Each column was flooded and drained from a dedicated sump under computer control.  Columns matured for three months prior to collection of samples.  Samples were taken over a five-month period.

Performance results of the study are unequivocal (Table 2).  Columns with HDPE medium had substantially poorer nitrification and sCOD removal than those with LESA medium.  Earlier aeration studies with raw media and clean water ruled out significant difference in oxygen transfer between the media types.  Therefore, it is the CEC of the raw media that caused profound treatment performance differences in mature treatment columns.  This result is surprising given the high CEC of organic material.  One would expect that the effects of raw media CEC would diminish over time as organic material accumulates.  No such effect was observed.

Another unexpected result of this study is that the base CEC of media profoundly affects the treatment role of plants in tidal flow systems.  By far, the most poorly performing column was HDPE + plants.  The best performing column, except for denitrification, was LESA + plants.  Plants growing in HDPE media were stunted and stressed.  Plants growing in LESA were robust.  It is reasonable, in light of this evidence, that the treatment literature on the role of plants in wetland treatment systems should be reevaluated to take into account the CEC of the media in study systems.

Table 1.  Column setup.

	 
	Column 1
	Column 2
	Column 3
	Column 4

	Media
	LESA
	HDPE
	HDPE
	LESA

	Plants
	Yes
	Yes
	No
	No

	CEC 

(raw media)
	3.7 – 4.5
meq/100 ml
	Negligible
	Negligible
	3.7 – 4.5
meq/100 ml

	Flooded / drained
 

period, min
	45 / 45
	45 / 45
	45 / 45
	45 / 45


Table 2.  24-hour treatment performance.  Column pump sumps were dosed daily with 30 g dried cheese whey and 10 g urea pearls (342 g/d COD, 4.1 g/d TKN-N).  Effluent was sampled immediately prior to next daily dose.
	Parameter mean values, mg/L
	Column 1
	Column 2
	Column 3
	Column 4

	sCOD
	79
	208
	180
	108

	n
	23
	23
	23
	22

	stdev
	30
	132
	53
	34

	VSS
	4.2
	151.1
	9.3
	10.8

	n
	13.0
	13.0
	13.0
	13.0

	stdev
	4.1
	61.8
	11.6
	17.8

	TKN-N
	13
	78
	77
	15

	n
	13
	13
	13
	13

	stdev
	10
	58
	54
	12

	NO3-N
	322
	3
	101
	252

	n
	13
	13
	13
	13

	stdev
	241
	5
	76
	180

	NO2-N
	0.3
	37.4
	6.2
	1.7

	n
	12
	12
	12
	12

	stdev
	0.4
	20.8
	3.1
	1.4
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� Cylindrical fiberglass columns, diameter 300 mm, media depth 1160 mm.


� Lightweight expanded shale aggregate, 6 mm, 40% void space.


� High density polyethylene, 10 mm extruded gear-wheel shaped pieces, 90% void space.


� Cyperus alternifolius


� Time media was exposed to air. 
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