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1. Introduction 

A number of azo dyes are widely used as colorants in industries 
such as textiles. paper, plastics. cosmetics. and leather. Their 
highly colored effluents' disposal into the environment can be 
extremely deleterious. The removal of azo dyes from effluents is 
important due to their mutagenicity and carcinogenicity 
together with their intense coloration. 

Constructed wetlands are nowadays a well-accepted 
ecofriendly wastewater treatment technology because of it's 
utilization of natural processes, simple construction and low 
maintenance. These systems are based on the functioning of 
natural ecosystems and the treatment processes involve 
complex interactions between soil. water. plants and microor­
ganisms which are generally efficient in the removal of organic 
matter (BOD/COD) and suspended solids (SS). however, the 
removal of nitrogen and phosphorus is often relatively poor. 
Treatment of wastewater in constructed wetland systems 
includes biological and biochemical processes. 

In order to utilize constructed wetland systems in treating dyeing 
wastewater efficiently, the incorporation of anaerobic followed 
by aerobic conditions is necessary for the wetland reactor. As a 
result, an up-flow constructed wetland (UFCW) is used here with 
the bottom reactor in an anaerobic condition for decolorization 
and denitrification, and the upper layer in aerobic condition for 
biodegradation of organic pollutants. nitrification and mineral­
ization of aromatic amines. Supplementary aeration is applied 
to the UFCW reactor to control the ratio of aerobic and anaero­
bic regions more effectively for the removal of color. organic 
matters. nutrients and aromatic amines. Azo dye Acid Orange 7 
(A07) is used as a model molecule because it is a non-reactive. 
acidic azo dye widely deployed in the textile industry and to a 
lesser extent in paints. inks, plastics and leather. Due to the 
non-degrading nature of its intermediate products. the COD 
concentration is persistent in the effluent. Since aerobic biodeg­
radation is capable of mineralizing these intermediate products. 
it is possible that combined anaerobic-aerobic treatment can 
efficiently remove color and at the same time completely 
degrade organic matter. Hence. UFCW reactors with supple­
mentary aeration is proposed in this study for the removal of 
color, aromatic amines and nutrients. The aim of which is to 
examine and compare the treatment performance of Acid 
Orange 7 (A07) containing wastewater by up-flow constructed 
wetlar)d (UFCW) at different A07 concentrations. hydraulic 
retention times (HRT) and alternative of supplementary 
aeration. 

2. Constructed Wetland Methods 

Both aerated and non-aerated. parallel laboratory-scale 
(UFCW) reactors are constructed to study the treatment of A07 

4 

roll or pump glass beads bed 

Figure 1. Schematic Diagram of an UFCW 

containing wastewater. The reactors. located indoor, are 
temperature stabilized at 23 ± 3 °C. Fig. 1 shows the schematic 
diagram of the up-flow constructed wetland reactor. the size of 
which is 18 em in diameter and 70 em in height, and filled with 5 
mm glass beads to a depth of about 6 em at the bottom to 
ensure uniform distribution of influents. Gravel with an average 
diameter of 5.7 mm is filled above the glass beads bed and acts 
as a medium to support the growth of emergent plants and 
biofilms. The reactors are designed with five water sampling 
points along the reactors as shown in Fig. 1. where the water 
level is maintained the same as that of surface gravel bed. In 
the aerated reactor. supplementary aeration is introduced at 30 
em below the bed surface through two porous air spargers. The 
macrophyte selected for this study is P. australis with its plant 
shoots of P. australis planted about 2-15 em deep into the gravel 
medium. After transplantation. the wetland reactors are fed 
with tap water and seeded with a small amount of activated 
sludge for biofilm to be established. Synthetic wastewater is then 
designed and used to simulate to the characteristics of azo 
dye-containing wastewater. The synthetic wastewater consists 
of organic carbon. nutrients and buffer solution of the following 
composition (concentration in mg/L): C6H5COONa (107.1 ). 
CH3COONa (204.9), NH4N03 (176.1 ). NaCI (7.0) . MgCI2_6H20 
(3.4). CaCI2_2H20 (4.0) and 2HP04_3H20 (36.7) giving CODCr 
326 mg/L T-N 62 mg/L and T-P 5.0 mg/L. The concentrations of 
azo dye A07 employed in this study are 50 and 100 mg/L. The 
average inlet wastewater pH is about 7.7 and both influent and 
effluent water samples of the wetland reactors are taken in 3 
periods for a year to gauge their performances. In the first 3 
months the reactors are fed with synthetic wastewater and the 
hydraulic retention time is maintained at 3 d based on average 
void volume of gravel bed. at an A07 concentration of 50 
mg/L. During the following 6 months. A07 concentration is 
increased to 100 mg/L with other factors constant to study the 
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effect of A07 concentration on the in terms of bio-oxidation of 
organic matters. decolorization. nitrific ation and denitrification. 
In the last 4 months hydraulic retention time is increased to 6 d 
and A07concentration is set at 100 mg/L. Influent and effluent 
water samples are then analyzed to examine the treatment 
performance of the wetland reactors. 

3. Results and discussion 

3.1-. Oxidation Reduction Potential (ORP) and Dissolved Oxygen 
(DO) profiles. 

The aerobic and anaerobic conditions in a wetland reactor can 
be distinguished by its ORP and DO profiles. Constructed 
wetlands for wastewater treatment can be designed to favour 
a wide range of redox conditions. enhancing a variety of 
biological processes and removal of multiple pollutants in the 
same wetland bed. ORP and DO monitoring observation show 
aerobic and anaerobic conditions developed at the upper and 
lower beds. respectively. in the aerated wetland reactor. Almost 
all the non-aerated wetland reactors are found to be in anaero­
bic condition. Fig. 2 shows that in the wetland reactor with 
supplementary aeration. the ORP and DO above aeration 
points are in the range of 6-252 mV and 0.6-7.0 mg/L respec­
tively. The decrease in DO and ORP from 2.8 mg/L and 235 mV 
to 0 mg/L and 155 mV, respective ly. along the media bed of the 
non-aerated wetland reactor shows development of anaerobic 
conditions in the whole media bed except at the top layers. The 
aerobic and anaerobic regions would influence the activity of 
mic robes in the reduction of azo bond of A07, degradation of 
organic substrates and intermedia te aromatic amines. nitrifica­
tion and denitrification. 
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Figure 2. DO and ORP profiles in UFCW reactors 

3.2. Treatment performance of UFCW reactors 

During 1 year monitoring, the effects of different A07 concen­
trations. HRT and alternative supplementary aeration on the 
performance of UFCWs have been evaluated. Generally, the 
aerated reactor outperformed the non-aerated reactor for 
removal of organic matters. NH4-N and aromatic a mines. 
generated from the anaerobic degradation of azo dye A07. 
On the other hand. non-aerated wetland reactors performed 
better in removing color and N03-N because anaerobic 
microbials p lay the main role in the removal of these pollutants. 
The A07 removal efficiency in the non-aerated wetland reactor 
maintained at about 96% whereas in the aerated wetland 
reactor it d ropped drastically as the A07 concentration 
increased from 50 to 100 mg/ L. This may ascribe to the limitation 
of the removal capacity of a wetland reactor and/or shock 
loading which may cause inhibitory effects on the microbial 
activities. During operation at 6 d of HRT. A07 removal effic iency 
in both reactors are not significantly different w ith 100 mg/L of 
influent A07. Influent and effluent concentrations and removal 
statistics for COD. T-N. T-P. NH4-N. N03-N and A07 are summa­
rized in Table 1. The removal of A07. organic compounds. 
NH4-N and N03-N are mainly due to microbes in the reactors 
because the contribution of adsorption for these pollutants by 
gravel has been proven negligible. On the other hand. T-P 
removal is contributed by adsorption. precipitation and uptake 
by the emergent plant and biomass. T-P removal efficiency 
dropped gradually due to saturation of adsorption capacity. 
where its removal efficiency for both reactor types are not much 

different. Supplementary aera tion showed no significant effect 
on T-P removal. As the influent A07 concentration increased 
from 50 to 100 mg/L COD removal efficiency a nd nitrification in 
the non-aerated wetland reactor. and denitrification in the 
aerated wetland reactor decreased to some extent. 

3.3. COD removal in UFCW reactors 

Organic compounds degrade both aerobically a nd anaerobi­
cally by heterotrophic microorganisms in the wetla nd systems 
depending on the oxygen concentration in the bed. w hich for 
aerobic degradation. can be supplied by diffusion. convection 
and oxygen leakage. A significant portion of oxygen needed to 
support aerobic degradation processes in wetlands is obtained 
through lacuna transloca tion from the atmosphere to the 
rhizosphere by roo ted aquatic macrophytes. COD removal 
efficiency in the aerated wetland reactor is better than in the 
non-aera ted wetland reactor. Supplementary aera tion could 
thus be used in addition to macrophytes further reduce the 
organic contaminants in wastewater. Reduction in COD 
removal efficiency in the non-aerated wetland reactor is mainly 
attributed to the accumulation of intermedia te aromatic 
amines through partia l A07 degradation. confirmed via 
absorbance at 248 nm. The generated aromatic a mines that 
were not degraded in the non aerated wetland reactor contrib­
uted to hig her COD in effluents compared to the aerated 
wetland reactor. where the aerobic condition at the upper bed 
of reactor facilitated the degradation of these intermediate 
products. The aerobic condition at the upper bed of the 
aerated reactor showed better degradation of organic 
matters. contributed from sodium benzoate. sodium acetate 
and aromatic amines. compared to the mostly anaerobic 
condition in the non-aerated wetland reactor. 

HRT is an important operating parameter in various biological 
systems inc luding constructed wetlands where lower HRT results 
in higher organic loading rates. causing a reduction of reactor 
volumes required to achieve a specified removal performance . 
As expected. COD removal efficiency improved slig htly for both 
reactors as the HRT increased from 3 to 6 d. s:nce higher HRT 
implies sma ller loading rate and thus. a higher remova l 
effic iency. Long contact time between the microbia l attached 
on the media bed a nd root of emergent plant increases 
removal efficiency of organic matters. However. a HRT of 3 d is 
adequate to result in an acceptable removal efficiency of 
organic matters. Fig. 3 shows the COD profile in the aerated and 
non-aerated wetland reactors for the treatment of A07 
containing wastewater at different A07 dosages and HRT. The 
trend of COD removal is d ifferent between the aerated and 
non-aerated wetland reactors. 

COD concentrations from the bottom to. the top of non-aerated 
wetland reactors became higher as the A07 concentration 
increased from 50 to 100 mg/L. The higher COD is due mainly 
from the A07 and intermediate aromatic amines. In the 
aerated reactor. the COD concentrations a t the lower bed are 
higher as the A07 concentration increased. whereas are close 
to each other at the upper beds. As HRT increased from 3 to 6 d. 
COD concentrations become lower in the non-aera ted 
reactors. The increase of HRT from 3 to 6 d improved the biodeg­
radation of organic matters along the reactor as the contact 
time between biofilm and wastewater became longer. In the 
case of aerated reactors. the COD at the upper bed is not 
much different. The artificia l aera tion at the upper bed could 
maintain the COD removal efficiency despite the increase of 
HRT and A07 concentration. 

3.4. A07 removal in UFCW reactors 

A07 removal efficiency in both reactors are a lmost the same 
and > 94% for both A07 concentrations tested and at d ifferent 
HRT. At 50 mg/L of A07. its removal efficiency is higher than 95% 
within the same period of operation because the area of 
a naerobic conditions at the lower bed of both reactors are 
sufficient for anerobic microbia l action. As A07 concentration 
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1. Introduction 

A number of azo dyes are widely used as colorants in industries 
such as textiles. paper. plastics. cosmetics. and leather. Their 
highly colored effluents' disposal into the environment can be 
extremely deleterious. The removal of azo dyes from effluents is 
important due to their mutagenicity and carcinogenicity 
together with their intense coloration. 

Constructed wetlands are nowadays a well-accepted 
ecofriendly wastewater treatment technology because of it's 
utilization of natural processes. simple construction and low 
maintenance. These systems are based on the functioning of 
natural ecosystems and the treatment processes involve 
complex interactions between soil, water. plants and microor­
ganisms which are generally efficient in the removal of organic 
matter (BOD/COD) and suspended solids (SS) . however. the 
removal of nitrogen and phosphorus is often relatively poor. 
Treatment of wastewater in constructed wetland systems 
includes biological and biochemical processes. 

In order to utilize constructed wetland systems in treating dyeing 
wastewater efficiently. the incorporation of anaerobic followed 
by aerobic conditions is necessary for the wetland reactor. As a 
result. an up-flow constructed wetland (UFCWj is used here with· 
the bottom reactor in an anaerobic condition for decolorization 
and denitrification. and the upper layer in aerobic condition for 
biodegradation of organic pollutants. nitrification and mineral­
ization of aromatic amines. Supplementary aeration is applied 
to the UFCW reactor to control the ratio of aerobic and anaero­
bic regions more effectively for the removal of color. organic 
matters. nutrients and aromatic amines. Azo dye Acid Orange 7 
(A07) is used as a model molecule because it is a non-reactive. 
acidic azo dye widely deployed in the textile industry and to a 
lesser extent in paints. inks. plastics and leather. Due to the 
non-degrading nature of its intermediate products. the COD 
concentration is persistent in the effluent. Since aerobic biodeg­
radation is capable of mineralizing these intermediate products. 
it is possible that combined anaerobic-aerobic treatment can 
efficiently remove color and at the same time completely 
degrade organic matter. Hence. UFCW reactors with supple­
mentary aeration is proposed in this study for the removal of 
color. aromatic amines and nutrients. The aim of which is to 
examine and compare the treatment performance of Acid 
Orange 7 (A07) containing wastewater by up-flow constructed 
wetland (UFCW) at different A07 concentrations. hydraulic 
retention times (HRT) and alternative of supplementary 
aeration. 

2. Constructed Wetland Methods 

Both aerated and non-aerated. parallel laboratory-scale 
(UFCW) reactors are constructed to study the treatment of A07 
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Figure 1. Schematic Diagram of an UFCW 

containing wastewater. The reactors. located indoor. are 
temperature stabilized at 23 ± 3 °C. Fig. 1 shows the schematic 
diagram of the up-flow constructed wetland reactor. the size of 
which is 18 em in diameter and 70 em in height. and filled with 5 
mm glass beads to a depth of about 6 em at the bottom to 
ensure uniform distribution of influents. Gravel with an average 
diameter of 5.7 mm is filled above the glass beads bed and acts 
as a medium to support the growth of emergent plants and 
biofilms. The reactors are designed with five water sampling 
points along the reactors as shown in Fig. l. where the water 
level is maintained the same as that of surface gravel bed. In 
the aerated reactor. supplementary aeration is introduced at 30 
em below the bed surface through two porous air spargers. The 
macrophyte selected for this study is P. australis with its plant 
shoots of P. australis planted about 2-15 em deep into the gravel 
medium. After transplantation. the wetland reactors are fed 
with tap water and seeded with a small amount of activated 
sludge for biofilm to be established. Synthetic wastewater is then 
designed and used to simulate to the characteristics of azo 
dye-containing wastewater. The synthetic wastewater consists 
of organic carbon. nutrients a nd buffer solution of the following 
composirion (concentration in mg/L) : C6H5COONa (107.1) . 
CH3COONa (204.9). NH4N03 (1 76.1). NaCI (7.0). MgCI2_6H20 
(3.4) . CaCI2_2H20 (4.0) and 2HP04_3H20 (36.7) giving CODCr 
326 mg/L. T-N 62 mg/L. and T-P 5.0 mg/L. The concentrations of 
azo dye A07 employed in this study are 50 and 100 mg/L. The 
average inlet wastewater pH is about 7.7 and both influent and 
effluent water samples of the wetland reactors are taken in 3 
periods for a year to gauge their performances. In the first 3 
months the reactors are fed with synthetic wastewater and the 
hydraulic retention time is maintained at 3 d based on average 
void volume of gravel bed, at an A07 concentration of 50 
mg/L. During the following 6 months. A07 concentration is 
increased to 1 00 mg/L w ith other factors constant to study the 
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effect of A07 concentration on the in terms of bio-oxidation of 
organic matters. decolorization. nitrification and denitrification. 
In the last 4 months hydraulic retention time is increased to 6 d 
and A07concentration is set at 100 mg/L. Influent and effluent 
water samples are then a nalyzed to examine the treatment 
performance of the wetland reactors. 

3. Results and discussion 

3.1. Oxidation Reduction Potential (ORP) and Dissolved Oxygen 
(DO) profil~s. 

The aerobic and anaerobic conditions in a wetla nd reactor can 
be distinguished by its ORP and DO profiles. Constructed 
w etlands for wastewater treatment can be designed to favour 
a wide ra nge of redox conditions. enhancing a variety of 
b iological processes and removal of multiple pollutants in the 
same wetland bed. ORP and DO monitoring observation show 
aerobic a nd anaerobic conditions developed at the upper and 
low er beds. respectively, in the aerated wetland reactor. Almost 
all the non-aerated wetland reactors are found to be in anaero­
bic condition. Fig. 2 shows tha t in the wetland reactor with 
supplementary aeration. the ORP and DO a bove aeration 
points are in the range of 6-252 mV and 0.6- 7.0 mg/ L. respec­
tively. The decrease in DO and ORP from 2.8 mg /L and 235 mV 
to 0 mg /L and 155 mV. respectively, a long the media bed of the 
non-aerated wetland reactor shows development of anaerobic 
conditions in the whole media bed except a t the top layers. The 
aerobic a nd anaerobic regions would influence the activity of 
microbes in the reduction of azo bond of A07. degrada tion of 
organic substra tes and intermediate aromatic amines. nitrifica­
tion and denitrification. 
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Figure 2. DO and ORP profiles in UFCW reactors 

3.2. Treatment performance of UFCW reactors 

66 

During 1 year monitoring. the effects of different A07 concen­
trations. HRT and alternative supplementary aeration on the 
performance of UFCWs have been evaluated. Generally, the 
aerated reactor outperformed the non-aerated reactor for 
remova l of organic matters. NH4-N a nd aromatic amines. 
generated from the anaerobic degradation of azo dye A07. 
On the other hand. non-aerated wetland reactors performed 
better in removing color and N03-N because anaerobic 
microbials p lay the main role in the removal of these pollutants. 
The A07 removal efficiency in the non-aerated wetland reactor 
maintained a t about 96% whereas in the aerated wetland 
reactor it d ropped drastically as the A07 concentra tion 
increased from 50 to 100 mg/L. This may ascribe to the limitation 
of the removal c apacity of a wetland reactor and/or shock 
loading which may c ause inhibitory effects on the microbia l 
activities. During operation at 6 d of HRT. A07 removal effic iency 
in both reactors are not significa ntly different w ith 100 mg/ L of 
influent A07. Influent and effluent concentrations and removal 
statistics for COD. T-N. T-P. NH4-N. N03-N and A07 are summa­
rized in Table 1. The removal of A07. organic compounds. 
NH4-N and N03-N are mainly due to microbes in the reactors 
because the contribution of adsorption for these pollutants by 
gravel has been proven negligible. On the other ha nd. T-P 
removal is contributed by adsorption. prec ipita tion a nd uptake 
by the emergent plant a nd biomass. T-P removal efficiencv 
dropped gradually due to saturation of adsorption c apacity, 
where its removal efficiency for both reactor types are not much 

different. Supplementary aeration showed no significant effect 
on T-P removal. As the influent A07 concentration inc reased 
from 50 to 100 mg/L. COD removal efficiency and nitrification in 
the non-aerated wetland reactor. a nd denitrification in the 
aerated wetland reactor decreased to some extent. 

3.3. COD removal in UFCW reactors 

Organic compounds degrade both aerobically a nd anaerobi­
cally by heterotrophic microorga nisms in the wetland systems 
depending on the oxygen concentration in the bed. w hich for 
aerobic degradation. can be supplied by d iffusion. convection 
and oxygen leakage. A significant portion of oxygen needed to 
support aerobic degradation processes in wetlands is obtained 
through lacuna translocation from the atmosphere to the 
rhizosphere by rooted aquatic macrophytes. COD removal 
efficiency in the aerated wetla nd reactor is better tha n in the 
non-aerated wetland reactor. Supplementary aeration could 
thus be used in addition to macrophytes further reduce the 
organic contaminants in wastewater. Reduction in COD 
removal efficiency in the non-aerated wetland reactor is mainly 
attributed to the accumulation of intermedia te aromatic 
amines through partial A07 degradation. confirmed via 
absorbance at 248 nm. The generated aromatic amines that 
were not degraded in the non aerated wetland reactor contrib­
uted to higher COD in effluents compared to the aerated 
wetland reactor. w here the aerobic condition at the upper bed 
of reactor facilitated the degradation of these intermediate 
products. The aerobic condition at the upper bed of the 
aera ted reactor showed better degradation of organic 
matters. contributed from sodium benzoate. sodium acetate 
and aromatic amines. c ompared to the mostly a naerobic 
c ondition in the non-aerated wetland reactor. 

HRT is an important operating parameter in vario us biolog ical 
systems including constructed wetla nds where lower HRT results 
in higher organic loading rates. causing a reduction of reactor 
volumes required to achieve a specified removal performance. 
As expected. COD removal e ffic iency improved slig htly for both 
reac tors as the HRT increased from 3 to 6 d . since higher HRT 
implies smaller loading rate and thus. a higher removal 
effic iency. Long contact time between the mic robia l a ttached 
on the media bed and root of emergent pla nt increases 
removal effic iency of organic ma tters. However. a HRT of 3 d is 
adequa te to result in a n acceptable removal effic ienc y of 
organic matters. Fig. 3 shows the COD profile in the aerated and 
non-aerated wetland reactors for the treatment of A07 
containing wastewater at diffe rent A07 dosages and HRT. The 
trend of COD removal is different between the aerated a nd 
non-aerated wetland reactors. 

COD concentrations from the bottom to.the top of non-aerated 
wetland reactors became hig her as the A07 concentra tion 
increased from 50 to 100 mg/L. The higher COD is due mainly 
from the A07 a nd intermediate aromatic amines. In the 
aera ted reactor. the COD concentrations a t the lower bed are 
higher as the A07 concentration increased. whereas are close 
to each other at the upper beds. As HRT increased from 3 to 6 d. 
COD concentrations become lower in the non-aerated 
reactors. The increase of HRT from 3 to 6 d improved the biodeg­
radation o f organic matters a long the reactor as the contact 
time between biofilm and wastewater became longer. In the 
case of aerated reactors. the COD a t the upper bed is not 
much different. The artificial aera tion at the upper bed could 
maintain the COD removal effic iency despite the increase of 
HRT a nd A07 concentration. 

3.4. A07 removal in UFCW reactors 

A07 removal efficiency in both reactors are a lmost the some 
a nd > 94% for both A07 concentrations tested and at different 
HRT. At 50 mg / L of A07. its remova l efficiency is higher than 95% 
within the same period of operation because the area of 
a naerobic conditions at the lower bed of both reactors are 
sufficient for onerobic microbia l action. As A07 concentration 
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increased to 100 mg/L, the non-aerated 
reactor is able to maintain the same 
removal efficiency but a drastic drop is 
observed in the aerated wetland reactor. 
This situation recovered as the A07 
removal efficiency improved to 95% in a 
few months, a ttributed to the different 
ratio of anaerobic and aerobic regions in 
both reactors. In the non-aerated 
wetland reactor, almost the entire bed 
was in anaerobic condition, exc ept at 
the top layer of the reactor. The b igger 
anaerobic region in the non-aerated 
reactor facilitated the removal o f color. 
The anaerobic lower bed region of the 
aerated reactor is insufficient for 1 OOmg/L 
A07 reduction in the early stage. d ue to 
the overload of the biodegrada tion 
capacity of the lower bed of aera ted 
reactor. However, with time, the increas­
ing mass of anaerobic microbes could be 
one of the reasons for ac hieving 95% of 
A0 7 removal efficiency. As shown in 
Table 1, A07 removal efficiency 
increased slightly in both reactors as HRT 
increased from 3 to 6 d. The average 
A07 removal efficiency for both reac tors 
are 98% which shows the high 
performance of the UFCW in the 
treatment of azo dye A07 containing 
wastewater. 

The molecular structure of azo dye A0 7 
consists of an azo bond, a benzene ring, 
and a naphthalene ring, each exhibiting 
different absorbance peaks, in the visible 
region (480 nm) for the former, and in the 
UV region for the latter two. A07 biodeg­
radation severs the azo double bond, 
reduc ing the absorbance a t 480 nm and 
producing aromatic amines such as 
sulfanilic acid (SA) and 1-amino-2-
naphthol (1A2 N). The incorporation of 
anaerobic and aerobic conditions in a 
wetland reactor is important for 
treatment of azo dye-containing 
wastewater. The decolorization of azo 
dye occ urs when its bond is broken and 
the aromatic amines generated can be 
further mineralized. The aromatic amines 
accumulated along the non-aerated 
reactor increased as the A07 concentra­
tion increased from 50 to 1 00 mg/L, w hich 
is also observed at the lower bed of 
aerated reac tor but most of the their 
mineralization occurred at the upper bed 
in the aera ted reactor. 

3.5. Nitrogen removal in UFCW reactors 

Nitrogen removal from wastewater, 
nitrification and denitrification, in the 
aerated and non-aerated reactors are 
dominant in nitrific ation and denitrifica­
tion, respectively, corresponding to 
aerobic and anaerobic conditions 
developed in these reac tors. The 
aerated and non-aerated reactors 
performed better in the removal of 
NH4-N a nd N03-N, respectively. Both 
processes are affected by the increase 
of A07 c oncentration in the influent. In 
the aera ted reactor, NH4-N removal 
efficiency differed slightly but N03-N 
removal efficiency dropped tremen­
dously w ith A07 increase. The 
non-aerated reactor shows an almost 
1 00% removal efficiency for N03-N but 
dropped to 50% for NH4-N as A07 
increased . The azo dye A0 7 a nd 
aromatic amines genera ted may cause 
partial inhibitory effect on the activity of 
nitrifying and denitrifying microbes. 
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Figure 3. COD profiles in UFCW reactors 

The trend of NH4-N concentration a long 
the media bed is dfferent between the 
aerated and non-aera ted reactors, 
where its tandem drop above the 
aera tion point implicated the merit of 
supplementary aeration in UFCW reactor. 
The aerobic condition at the upper bed 
of the aerated reactor facilita ted the 
nitrification. The slight decrease in NH4-N 
concentration at the upper bed of the 
non-aerated reac tor could be ascribed 
to the up take by P. austra lis a nd also the 
activities of nitrifying bacteria in the 

Table 1. Treatment performance of aerated and non-aerated UFCW reactors 

Wasfcwatcr HRT(d) P.uamcters lnflucnc con. (mg/l) Ernucnt con. (mg1t} Removal efficiency(%) 

Aerated reactor Non-Jeratcd r.:accor Aerated reactor Noo-aer,u.:d reactor 

50mg!L A07 COD 383 ! 14 54 t 16 68 ! 19 86 82 
A07 51 :!:2 1.1 t 0.6 :!-0!0.6 98 96 
T-N 55 :!: 3 18±4 20! 3 67 64 
T-P 6.7 .t 0.3 5.0±0.3 4.8!0.5 25 28 
NH"·N 35 t3 1.5 ±1.1 19.6 ±4.2 96 44 
N01-N 30!2 413 0 86 100 

100mg/LA07 COD 450 8 65118 119t B 86 74 
A07 103 3 6.210.6 3.9!0.6 94 !l6 
T-N 59 2 27 14 10! 2 54 49 
H 6.5 0.3 5.5!0.6 5.7 !0.5 15 11 
NH,·N 36 4 0.5 !0.4 27.lt 5.0 99 24 
NOJ·N 28 2 21.8 ! 5 0.2 ! 0 .4 22 !l9 

IOOmg/L A07 COD 454 " 44 t 17 1081 13 90 76 
A0 7 103 3 2.510.3 :u10.2 98 9S 
T·N 59 2 28 !5 33 !6 53 ·14 
T-P 6.5 0.2 5.211.1 5.1 1 0.9 20 IS 
Ni-14-N 35 3 0.6!0.2 19.6 .t 5.0 98 44 
NOJ-N 28 2 22.1 ! 4.0 1.8:!.0.6 21 '" 
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rhfzosphere. Additiona lly the increase o f 
A0 7 concentration a nd decrease of HRT 
caused the NH4-N removal efficiency to 
drop slightly. In the case of the aerated 
reac tor, NH4-N removal rate is almost 
similar a bove the aera tion points and 
achieved > 95% removal efficiency at 51 
em from the bottom, ind ic a ting suffic ient 
aeration rate for nitrifying microbes to 
remove the NH4-N. The anaerobic 
condition and the presence of carbon 
sourc es as electron donors a t the bottom 
o f the reactors facilitated denitrific ation. 
In the aerated reactor, the higher nitrate 
c oncentration above the aeration points 
corresponds to the dec rease of NH4-N 
concentration through nitrifica tion. Part 
o f the N03-N generated via nitrification is 
denitrified in the upper bed of the 
aerated reactor. The higher N03-N 
concentration in the effluent of aerated 
reactor may be due to the partial 
inhibition of denitrification and this could 
be a possible draw back of artificial 
aeration if excessively high oxygen 
concentrations are responsible for a 
combined reduction of denitrification 
and N removal rates. 

Denitrifica tion rates can be enhanced as 
oxygen content is reduced by reducing 
the aeration rate . How ever, this w ill affect 
the nitrification rate . In order to remove 
bo th NH4-N and N03-N simultaneously, 
supplementary aera tion must be 
controlled to enhance the activity of 
microbes for nitrification and denitrifica­
tion. Switching the aeration on and off to 
the upper bed of the reactor will 
stimulate the nitrification and denitrific a­
tion processes in this area alternatively. 
Eventually, both NH4-N end N03-N can 
be removed simultaneously in an UFCW 
reac tor. 

4. Conclusion 

The aerated wetland reactor removed 
organic matters, NH4-N and aromatic 
amines more effec tively than the 
non-aerated one. Increasing A07 
concentration deteriorated the biodeg­
radation of organic matters and nitrifica­
tion in the non-aerated reactor. It also 
a ffected the denitrification and decolor­
ization in the aerated reactor. The A07 
and aromatic amines may have 
inhibitory effect on the activity of 
nitrifying and denitrifying mic robes. As the 
HRT increased to 6 d , the removal of 
NH4-N and N03-N in the aerated reactor 
is not c hanged, but NH4-N removal 
e ffic iency improved tremendously in the 
non-aera ted reac tor. 
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INTRODUCTION 

An anechoic c hamber is an RF test facility w hic h utilizes a lining 
of radar a bsorbing materie l (RAM) alo ng its w a iL c eiling end 
floor to c reate an electromagnetic a lly quiet environment, 
widely used to provide RF isolated test regions to simulate 
free-space test environment for antennas. The anechoic 
c hamber provides a contro!led environment not subjected to 
weather, ambient conditions and without being a ffec ted by 
wa ve reflections. The desig n of a n anechoic c ha mber must 
ta ke into considera tion features of the room suc h as the shape 
or orienta tion, size of the room, the wail c overing (absorber) and 
how the a bsorbers are assembled . The size of the anechoic 
c hamber depends on the size of the objects to be tested and 
rhe frequency range of the signals used, scale models can be 
used, however, by testing a t shorter w avelengths. 

Absorbers are one of the main components in a n anechoic 
c ha mber and are used to elimi:-~ate reflec ted sig na ls. 
Elec tromagnetic absorbing materia ls are very important to 
ensure the acc ura cy of RF anechoic c hamber testing 
performa nce. There are many shapes that can be fa bricated 
as an absorber suc h as a pyramid, truncated pyramid, wedge, 
c onvoluted, hybrid , fla t, honeycomb, oblique, a nd o thers. 
Microwave a bsorbing materia ls tha t reduce reflections of high 
freauency energies, are used in app lica tions suc h as 
te lecommunica tion, milita ry, high speed electronics and 
automotive. Different a bsorber materials are used for the 
microwave ra nge ( 1 GHz to 40 GHz) and for the low frequency 
range (30 MHz to 1000 MHz) , respec tively. The most common 
materia l used for the low frequency range (30 MHz to 1000 MHz) 
a bsorber is ferrite tiling (NiZn), an electric ally-thin absorber 
materia l. In the microwave frequency range (l GHz to 40 GHz), 
foam materials suc h as polyurethane and polystyrene are 
w idely used as the a bsorber. 

A mic rowave signal is reflected a nd absorbed in the anechoic 
chamber and a pro per model of RF microwave absorber must 
be developed based on various parameters such as the 
a bsorber reflection loss, the magnitude a nd phase, for various 
a ngles of incidenc e, as well as for parallel a nd perpendicular 
polarizations. The reflec tion loss, R c an be expressed as the 
absorbing performance of the material and is a func tion of the 
complex permittivity, permeability of the materia l, a nd the 
frequency of the elec tromag netic wave. 

The d ielectric c onsta nt is equiva lent to the relative permittivity 
(Er') or the a bsolute permittivity (E') relative to the permittivity of 
free space ( Eo' ) . The dielectric constant of a materia l a lso 
a ffec ts the veiocity of microwave signal when it propagates 
through the material. A high va lue dielectric consta nt results in 

the microwave signa ls propagating a t slower veloc ities, ma king 
it essentia lly a denser materia l. Dielectric loss tangent, tan (), is 
the imaginary part of the d ielec tric consta nt, and determines 
the losses of the medium. 

The signa ls are transmitted from a first medium to a second 
medium, with air being +he usua l first medium while the second 
medium is a pyramidai m:c rowave absorber. When the signa l 
enters a nother medium at a n a ng le, this will cha nge the velocity 
of the signa!, whic h causes the signa l to be deflected . This 
phenomenon is know n as ref•ac tion and the refra ctive index, n 
of a medium is a measure of how much the speed of 
microwave signal is reduced :nsid e the medium. The refractive 
index for air is 1.00029. The refractive index of the pyramidal 
materia l should, hence, be larger than tha t of air. 

Agriculture waste or residue is composed of organic 
compounds from rice straw , o il pa!m empty fruit bunch, sugar 
ca ne bagasse, c oconut shelL and others. Rice husk from paddy 
(Oryza sa tiva) is anorher example of on a lternative ma terial tha t 
can use to fabricate the microwave absorber. In Malaysia , 
around 350,000 tons of ric e husks are prod uced a nnua lly. Rice 
husks are unusually high in ashes, highly porous and lig htweight, 
with a very high externa! surface area . Rice husks' absorbent 
and insulating properties are useful for many industria l 
applications. 

Table l shows the typical chemica l composition of ric e husks. 
Carbon is the main element tha t helps to absorb the microwave 
signa l. 35.77 % of rice husk consists of Carbon. In the current 
market, a bsorbers are typically manufactured by impregnating 
conductive carbon at the top part of the pyramida l structure . 
This can inc rease the reflec tion loss performance of the 
microwave a bsorber. Carbon has also the c haracteristic as a 
lig ht a bsorbent materia l. 

Element % 

Silicon dioxide 22.24 

Carbon 35.77 
··- -

Hydrogen 5.06 

Oxygen 36.59 
Nitrogen 0.32 
Sulphur 0 .02 

Table 1: The elements perc entages of the ric e husk material 
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