;nYh[jWWdZMWij[mWj[hCWdW][c[dj

:[l[befc[dje\D_jhe][d
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J^[j^ekiWdZie\jedie\\W[YWbibkZ][Ykhh[djboYebb[Yj[Z[l[hoZWo\heced#i_j[iWd_jWj_ed_dijWbbW#
j_ediWh[dejfhef[hboZ_ifei[Ze\"[if[Y_Wbbo_dZ[l[bef_d]Yekdjh_[i$?d8Wd]aea"edbo.$+e\j^[
* ,&&c)e\<IYebb[Yj[ZZW_boWh[jh[Wj[Z_d\W[YWbibkZ][jh[Wjc[djfbWdjiQ)S$7ced]j^[fej[dj_Wb
bem#Yeijjh[Wjc[djioij[ci"m^_Y^[d^WdY[dkjh_[djWdZX_eieb_Zih[Yel[ho\ehh[ki[fkhfei[iQ'S"j^[
l[hj_YWb#\bemYedijhkYj[Zm[jbWdZL<9Mioij[c^Wifhel[dheXkij\eh[\\_Y_[dj<IZ[mWj[h_d]WdZ
gkWb_joX_eieb_ZifheZkYj_edQ(S$Atitaya Panuvatvanich1, 2, Thammarat Koottatep1, Doulaye Koné2

Early 1997, three pilot-scale, vertical-flow
constructed wetlands were developed at
the Asian Institute of Technology (AIT) in
Bangkok. Based on the available experimental data, the optimum solids loading
rate was established at 250 kg TS/m2.yr
with a 6-day percolate impoundment. The
CW units treating faecal sludge achieve
80–96 % removal efficiencies for COD,
TS and TKN. The current knowledge on
nitrogen transformation within the system
could be useful to further develop system
design. This study aims at identifying nitrogen transformation pathways and kinetics
of processes corresponding to nitrogen
compounds, such as organic nitrogen, ammonia nitrogen and nitrate nitrogen in vertical-flow constructed wetland (VFCW) for
treating faecal sludge.

C[j^eZebe]o
Experimental setup
Five laboratory-scale VFCWs, located at
the Environmental Research Station of the
Environmental Engineering and Management Programme of AIT, Thailand, were
used for this research.
Lab-scale VFCW units
Each unit, consisting of a square plastic
tank, was planted with cattail (Typha augustifolia). The effluent outlet was divided
into two groups as shown in Figs. 1a and
1b, without and with water holding in the
drainage layer. A PVC pipe was connected
to the effluent outlet of three laboratoryscale VFCW units to maintain a constant
water level in the drainage layer, as illustrated in Fig. 1b.

Preliminary findings
Figure 3, which indicates influent and effluent nitrogen concentrations in form of
org-N, NH 4 -N, NO2-N, and NO 3 -N, reveals
that 94 % of the influent N concentration
is in the form of NH 4 -N. After ponding
for six days, the TN removal efficiency in
Unit 1 was higher than in Unit 2 by about
10 %. Similarly, the TN removal efficiency
in Unit 3 is higher than in Units 4 and 5 by
about 8 % and 26 %, respectively. This indicates that accumulated sludge may affect total nitrogen removal efficiency of
the systems. Moreover, VFCW operated
with percolate impounded in large gravel
layers does not reveal a significant difference in terms of TN removal efficiency, as
compared to a VFCW operated without
percolate impoundment.

Figure 1a:
Without retained percolate
in large gravel layer

Figure 1b:
With percolate retained in
large gravel layer
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Figure 2 (top left): Profiles of nitrogen compounds after passing the sand layer in lab-scale VFCW units.
Figure 3: N compounds in influent and effluent of each unit (1−5).

With regard to nitrification in the sand
layer, preliminary results indicate that approximately 50% of NH4-N concentrations
disappear and NO2-N concentrations increase by about 80 %. NO3-N concentrations increase by about 40 % in relation to
the influent concentrations (Fig. 2). This indicates that NH4-N was probably converted
through nitrification to NO2-N and NO3-N
after passing the sand layer. Moreover,
plant uptake or another mechanism could
be responsible for unrecovered NH4-N in
this layer.
After sludge accumulation at various
depths on the top of the VFCW, org-N concentrations increased by about 90 % in relation to the influent concentrations. The
results reveal that the different levels of accumulated sludge had no significant effect
on nitrogen transformation in the sand layer.

Type of influent

AIT wastewater (NH 4 +
concentration adjusted
with soluble NH 4 Cl solution)

Moreover, the different drainage types,
either with or without retained percolate in
the system, also had not effect on nitrogen
transformation in the sand layers (Table 1).
Further investigations
Based on the preliminary results, the following three investigations will also have
to be carried out to identify nitrogen transformation in the vertical-flow constructed
wetland:
1) Ammonia volatilisation, nitrification, denitrification, and plant uptake – the main
mechanisms for nitrogen transformation.
2) Relationship between sand layer depth
and nitrogen conversion.
3) Releakage of nitrogen from accumulated sludge.

Drainage type
Without impounded percolate in large gravel layer
With impounded percolate
in large gravel layer

Table 1: Configuration of experimental unit.

Units

Depth of accumulated
sludge (cm)

1

0

2

10

3

0

4

10

5

20

Accordingly, ammonia volatilisation, nitrification and denitrification will be examined in new column units and controlled
conditions. Two new lab-scale VFCW units
at different depths of the sand layer will
be set up to investigate the relationship
between sand layer depth and nitrogen
conversion. Finally, small units will be installed at different depths in the accumulated sludge to study nitrogen releakage.
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