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Abstract: The feasibility of using treatment scheme consists of an ubflow anaerobic sludge blanket (UASB) reactor
followed by subsurface follow constructed (SSF) wetland for the treatment of sewage water has been studied. The
results showed that the efficiency of the UASB reactor (as a primary treatment step) for the removal of COD, BOD
and TSS was found to be 67.7, 71.4 and 65.5% with corresponding residual concentration of 197, 120 and 79.3
mg/l, respectively. The FC count reduced by one or two log units in most cases. The residual count was 1.6x10°
MPN/100 ml. The anaerobically treated effluent was subjected to post treatment step using SSF wetland. The
residual concentration of COD, BOD and TSS was reduced greatly to 56.7, 20.6 and 5 mg/l, respectively. Fecal
coliform (FC) count was reduced to 1.1x10° MPN/100ml. The quality of the finally treated effluent was found to be
complying with the WHO Standards for irrigation. It therefore, recommended that the combination of UASB and
SSF is an effective system for the treatment of sewage water in Skaka City.
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1. Introduction al., 2004; Zurita et al., 2006, 2008). Constructed
As the nation's population continues to grow, wetlands are effective treatment systems that can be
development is pushed further into rural areas where very useful in developing countries since they are
septic systems must be used for wastewater simple technology and involve low operational costs.
treatment.  Constructed wetlands (CWs) for Most of the time, the wetlands can be constructed
wastewater treatment are an inexpensive and with local materials which lowers the construction
technologically appropriate solution for wastewater cost significantly. Furthermore, these treatment
treatment in developing countries (Denny, 1997, systems are good at removing not only pathogenic
Haberl, 1999 and Kivaisi, 2001). and nutrients but also toxic metals and organic
CWs wastewater treatment can be defined as a pollutants (Belmont et al., 2006).
man-made, engineered wetland area specifically Interest in, and the utilization of, constructed
designed for the purpose of treating wastewater by wetlands for treatment of a variety of wastewaters
optimizing the physical, chemical, and biological has grown rapidly since the mid 1980s. In principle,
processes that occur in natural wetland ecosystems. the land application of wastewater uses the physical,
CW can provide economical on-site wastewater chemical and microbial properties of the soil and
treatment that is both effective and aesthetically vegetation to remove contaminants from the applied
pleasing (El-khateeb and El-Gohary, 2003; Hegazy wastewater. The upper soil-plant zone is used to
et al., 2007 and El-Khateeb et al., 2009). stabilize, transform, or immobilize wastewater
CWs have only been used for wastewater constituents and support crop growth, leading to an
treatment since the 1970s, which makes them a environmentally acceptable assimilation of the
relatively new wastewater treatment technology. waste. When proper design principles are used, land
However, interest in their use has quickly become application is a desirable method of wastewater
widespread. For example, CW technology was treatment (USEPA, 2000).
recommended most frequently as a topic for future The gains in vegetation biomass in constructed
articles. Wetland systems also are a popular subject wetlands can provide economic returns to
with the many community leaders, health officials, communities when harvested for biogas production,
and homeowners (USEPA, 2000 and Thaddeus et al., animal feed, fiber for paper making, and compost
2007). (Lakshman, 1987). Economic benefits from
In developing countries the use of constructed constructed wetlands are an important consideration
wetlands is certainly lower in comparison to their use in developing countries where additional incentives
in Europe or the United States, despite the enormous are required to encourage communities to maintain
potential and the great necessity of these countries to treatment wetlands. At present, the most common
implement low-cost treatment systems. (Belmont et aquatic plants used in subsurface wetlands are
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bulrush (Scirpus sp.), cattail (Typha sp.) and reeds
(Phragmites sp.). However, there is potential to use
other types of moisture-tolerant plants in constructed
wetlands. (Belmont et al., 2006 and Zurita et al.,
2009). The roots provide a huge surface area for
attached microbial growth, and in temperate regions
the plant litter provides an insulation layer against
frost during winter. Plants can also facilitate aerobic
degradation by releasing oxygen to the rhizosphere,
but oxygen release rates are difficult to quantify and
the overall effect on pollutant removal is probably
varying (Brix, 1997 and Langergraber et al., 2009).

Regarding uptake of nitrogen (N) and
phosphorus (P) many studies in temperate climates
have shown that the amount which can be removed
by harvesting is generally insignificant (Tanner,
2001). However, in tropical climates where the
plants grow faster and throughout the year, the
uptake of nutrients can probably contribute to
significantly higher removals of nutrients as has been
reported in several studies (Koottatep & Polprasert,
1997; Kyambadde et al., 2004 and Greenway, 2005).
However, if the plants are not harvested the
incorporated nutrients will be released again during
decomposition of the biomass.

Another function of the plants that is not related
to treatment performance is to give the wetland a
nice appearance: ornamental plants like Canna and
Heliconia increase the aesthetics of the wastewater
treatment wetland. This function is emphasized in
some of the newly built tropical CWs worldwide,
which are designed as park-like areas in the villages
to increase the local people's awareness of
wastewater treatment (Zurita et al., 2009). It is
envisaged that the people will show more interest in
the operation and maintenance of the nice-looking
systems, and that this will thus benefit the long-term
operation of the systems. Flowers like Heliconia
have an economic potential as they can be sold in the
markets, which is another benefit. However, there is
a need for studies to elucidate how suitable these
tropical, ornamental plants are for use in CWs.

CWs have proven to be highly effective at
wastewater treatment. They can achieve stringent
water quality standards, with BOD removal of 85%,
and fecal coliform (FC) removal of 95% or more
(USEPA, 2000). Studies show that they are effective
at removing nutrients such as nitrogen and
phosphorous. These systems are being used
worldwide to protect groundwater and surface water
resources, the simplicity of the design results in low
operation and maintenance requirements. The
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wetland  vegetation (ornamental and/or non-
flowering) used in these systems give them the
appearance of a flower garden, and the sub-surface
flow minimizes odor and vector problems
(mosquitoes) while eliminating contact with
wastewater. The flowering area of the wetlands
provide a natural habitat for birds and other forms of
wildlife by attracting worms, bees and other small
creatures (Anders and Veronika, 2005; Gabricla et
al., 2005). It was therefore, the purpose of the
present study to combine the advantages of the
UASB followed by SSF wetland in an integrated
treatment system for the treatment of wastewater.
The capability of the system to produce wastewater
suitable for irrigation has been assessed.

2. Material and Methods

UASB reactor was used as primary treatment step.
Horizontal subsurface flow constructed wetland
(SSF) unit was used in this project. The dimension of
SSF will be 1 m width, 2 m length and 1m depth. The
media used will be pea gravel (2 to 4 mm).

The treatment system was operated in a
continuous pattern and outdoor at ambient
temperature. Several plants could be used in the
wetland unit. The common reed (phragmites
australis) plant was selected due to its wide spread in
the area nearby the location of the treatment system.
Evaluation of the performance of the treatment
system was carried out after reaching the steady state
conditions. This was investigated through a regular
monitoring program of influent and treated effluent
for physico-chemical and bacteriological
examinations.

The UASB reactor designed according to Al-
Enazi et al., 2012. Table 1 shows the operating
conditions of the reactor.

Table 1: Operating conditions of the UASB

reactor
Item Value
HRT (hr) 6
HLR (m*/m°/day) 4
OLR (kg/m*/day) 2.45

Table 2 shows the operating conditions of the
wetland unit. Calculations of hydraulic (HRT) and
organic loading rates (OLR) were carried out
according to Crites and Tchobanoglous (1998).

Figure 1 shows the dimensions of the wetland
unit.
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Table 2: Operating conditions of the SSF wetland

Dimensions

Length 2.0m

Width I m

Depth (water) 0.6 m

Plant Common reed

No. of rhizomes m™ 3

Substrate Pea gravel (2-4 mm)

Operating conditions

HRT 3 days

HLR 730 m’ha”' .day’’

OLR,,, 84 kg BOD ha™'.day™
138 kg COD ha™'.day

Water Level
Influent

5 D> Effluent

0.9m

2.00 m

Figure 1: Schematic diagram of the wetland

Sampling and analytical methods

Composite samples of raw sewage and UASB
effluent were collected and analyzed for total
chemical oxygen demand (COD,,), soluble chemical
oxygen demand (CODy,), particulate chemical
oxygen demand (COD,,), colloidal chemical oxygen
demand (COD,), biological oxygen demand (BOD),
total suspended solids (TSS), total phosphorus (TP),
total Kjeldahl nitrogen (TKN) and ammonia.
Physicochemical analyses were carried out according
to Standard Methods for Examination of Water and
Wastewater (APHA, 2005).
Microbiological examination

Three-fold dilutions were prepared from

each sample and used to determine the count of FC
(APHA, 2005).
Statistical analysis

The arithmetic averages of percent removal and
descriptive statistics were applied to the collected
data using Microsoft Excel XP version 2003.
3. Results and Discussion
Raw sewage

Table 3 reflects the average characteristics

of raw sewage used in this study. The CODy, values
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were in the range of 546-678 mg/l with an overall
average of 612 mg/l while, the concentration of BOD
and TSS were in the range of 389-467 mg/l and 179-
290 mg/l, respectively. The ratio of BOD/COD is
about 0.7. The average concentration of TKN,
ammonia and TP were 57.5, 51.7 and 5.9 mg/l,
respectively.
Performance of the UASB reactor

The performance of the UASB reactor for
the treatment of sewage water at 6 hours detention
time is shown in Table 3. The concentrations of
CODyy, BOD and TSS were reduced by 67.7%,
71.4% and 65.5%, with corresponding concentrations
of 197, 120 and 79.3 mg/l, respectively. The
concentration of TKN was reduced from 57.5 to 53
mg/l by removal efficiency of 11.3%. On the other
hand, concentration of TP was reduced from 5.9 to
4.5 mg/l with removal efficiency of 23%. The
bacterial count represented by FC was reduced only
by one log unit (on the average) during this run from
4.8x107 and 1.6x10° MPN/100 ml, with removal
efficiency of 96.7%.
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Table 3: Performance of the UASB reactor at 6 hours detention time

Parameter N* Unit Raw sewage UASB Effluent %R
CODTOT 22 mg/l 612 (+ 295) 197 (+43.4) 67.7
BOD 22 mg/l 419 (£ 155) 120 (£35) 71.4
TSS 22 mg/l 235 (+ 37.6) 79.3 (£28) 65.5
TKN 22 mg/l 57.5 (£ 13) 53 (£23) 113
Ammonia 22 mg/l 51.7 (=11 51.8 (£18)

TP 22 mg/l 5.9 (£0.7) 4.5 (£1.7) 23
Organic nitrogen 22 mg/l 5.8(x24) 1.3(=1.1) 77.6
FC 8 MPN/100 ml 48x 107 (£1.9x 107 1.6x10° (£5.7x10°) 96.7

* Number of samples

This quite good performance towards the removal
of COD,,, and BOD can be attributed to the relatively
high sludge residence time (SRT = 38.1 days); which
improves the hydrolysis and biodegradation of
organic matter content of the wastewater. The TKN
was reduced by 11.3% due to particulate N removal,
and/or conversion to ammonia by ammonification
process (Mahmoud, 2002). Similarly, the level of TP
was reduced in the UASB reactor by 23%. The
UASB reactor removed only the particulate nutrients
by sedimentation and filtration and, therefore, it had
relatively low removal of nutrients (Elmitwalli &
Otterpohl, 2007 and Aiyuk et al., 2010).

It was observed that the effluent from the UASB
reactor still contains significant count of FC. The FC

Table 5: Performance of the SSF unit

counts are greater than the permissible limit (log 3 or
1000  MPN/ml) specified by WHO (1989) for
unrestricted irrigation. The use of post treatment is of
vital importance to meet the WHO (1989) standards
for treated effluent reuse. In an attempt to enhance
the removal of bacterial indicators (FC), the use of
SSF wetland to treat the UASB effluent has been
investigated. Table 5 shows the performance of SSF
wetland unit.
Performance of SSF wetland unit

Figures 2 to 10 show the performance of the
combined UASB/SSF system for the treatment of
wastewater.

Parameter N* | Unit UASB Effluent SSF Effluent %R T%R
CODyqt 22 |[mg/l 197 (£43.4) 56.7 (+12) 71 90.7
BOD 22 |mg/l 120 (+35) 20.6 (+7) 82.7 95.1
TSS 22 |mg/l 79.3 (£28) 5(£1.5) 93.7 97.8
TKN 22 |mg/l 53 (£23) 13.3 (#4.8) 74.8 76.7
Ammonia 22 [mg/l 51.8 (+18) 6 (+2.4) 88.5 88.5
TP 22 [mg/l 4.5 (£1.7) 3(£1.2) 33 49¢h
QOrganic nitrogen 22 |mg/l 1.3(*1.1) 7.4 (£2.1)

FC 8 |MPN/100 ml | 1.6x10° (+5.7x10%) 1.1x10% (+2.1x10%) 99.88 99.997

* Number of samples

The wetland unit was found to be efficient for
removal of COD,, BOD and TSS. The residual
concentration of COD,,, BOD and TSS 56.7, 20.6

and 5 mg/l, respectively. Figure 2 summarizes the
efficiency of the combined treatment system
(UASB/SSF).

mg/l

700

612

600

500

400 -

B Raw Sewage

& UASB Effluent

0O SSF Effluent

300

200 1

COD Tot

Figure 2: Efficiency of the combined UASB/SSF system for removal of COD,,, BOD and TSS
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The level of TKN was reduced from 57.5 to 53
mg/l in the UASB effluent. Further reduction in the
level of TKN was recorded in the SSF effluent (from
53 to 13.3 mg/l). The level of ammonia was

decreased greatly in the final treated SSF effluent.
This may be attributed to the aerobic conditions near
the root zone of the plants in the SSF unit (USEPA,
2000 and El-Khateeb & El-Gohary, 2003).

—e—Raw sewage —a— UASB effluent —a— SSF Effluent - -

- -Linear (SSF Effluent)

mg/l
w

04/08/2012 T .‘:
10/0.8/2013
15/08/2012
20/08/2012
25/08/2012
01/09/2012
06/09/2012
12/09/2013
18/09/2012
25/09/2013

01/10/2012

08/10/2012
14/10/2012 H
20/10/2012
27/10/2012
04/11/2012
15/11/2012
27/11/2012 H
02/12/2012 o
12/12/2012
23/12/2012
09/01/2013 4

Figure 3: Variation of nitrates in raw sewage, UASB and SSF effluent

The dotted line in Figure 3 shows the nitrification
process increased gradually reaching the maximum
level. The aeration process around the SSF root zone
increased by increasing the maturity of the plant.
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Consequently, conversion of ammonia to nitrates
increased (USEPA, 2000 and El-Khateeb & El-
Gohary, 2003). The total nitrogen removal
throughout the treatment steps is shown in Figure 4.

Avgerage of total nitrogen = 57.5 mg/|

45

41571

40

35

30
25

mg/l

20

15

10
44

.
5 T
0 T

Nitrogen converted in UASB

Nitrogen remved via plant uptake

Total nitrogen removed

and nitrification/denitrification in

SSF wetland unit

Figure 4: Fate of nitrogen throughout the treatment system

The wetland unit removes 37.1 mg/l nitrogen via
plant uptake and nitrification/denitrification process
(Figure 4). The major part of nitrogenous compounds
removed is attributed to the process of
nitrification/denitrification ~(USEPA, 2000 and
Vymazal, 2010).

Previous studies indicated that nitrogen and
phosphorus uptake by plants is not a significant
mechanism for the removal of these elements in
wetlands receiving partially treated municipal
wastewater because nitrogen and phosphorus are
taken-up and released in the cycle of plant growth
and death (Tanner et al., 1999; Griffin et al., 1999).
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The removal of TP was found to be high at the
beginning of the experiment. As the plant reaches the
maturation state the removal of TP was decreased and
there are some releases of phosphorus from the dead
parts of the plant (USEPA, 2000).

The fate of FC throughout the treatment system is
shown in Figures 6 and 7. As the maturity of SSF
reached the removal of FC was increased. The dotted
line in Figure 6 shows the trend of FC counts. The
counts tend to be lower than 10°. It was noted that the
final effluent was complying with WHO (1989)
guidelines for treated effluent reuse.
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Figure 5: Variations of TP in raw sewage, UASB and SSF effluent
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Figure 6: Variations of FC in raw sewage, UASB and SSF effluent
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Figure 7: Fate of FC counts throughout the treatment system

Comparison between COD fractions throughout

the treatment steps

The fractions of COD (Soluble, colloidal and
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SSF Effluent

particulate) are presented in Figures 8, 9 and 10 for

sewage water,
effluents.

UASB as well as SSF wetland
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Raw Sewage (CODtot = 612 mg/l)

. - 960,
CODsol; 162.0; 26% CODpart; 280.6; 46%

CODcaoll; 169.5; 28%

Figure 8: COD fractions of sewage water

It is clear that the major COD fraction in the raw and 26%, respectively. The pattern of COD fractions
sewage water is CODy,y, which constitute 46% of the is as the following:
COD,;. While, COD,,; and COD, constitute 28% CODyy L1 CODg [ CODyyp

UASB Effluent (COD Tot = 197 mg/l)

CODSOL 73.6: 3704 CODpart; 57.3; 29%
sol; 73.6; 37%

CODcoll; 66.0; 34%

Figure 9: COD fractions of UASB effluent

The UASB reactor affects the COD fractions The hydrolysis process of COD,, fraction that
pattern. were carried out in the UASB reactor increases the
CODy, L] CODgyj; L] CODpare CODy, fraction from 26% in raw sewage water to be

37% in the effluent of the UASB reactor.

SSF Effluent (COD Tot =56.7 mg/l)

CODpart; 4.4; 8%

CODcoll; 12.5; 22%

CODsol; 39.9; 70%

Figure 10: COD fractions of SSF effluent
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The treatment of the UASB effluent using SSF
shows further enhancement in the percentage of
CODy,; fraction which increased from 37% to 70%.
While, COD,, fraction was decreased from 29% to
8%. The COD fraction pattern is as the following:

CODy, I CODgoi LI CODyyart

The obtained results of the fate of COD fractions
were found to be in a good correlation with that
obtained by Abdel-Shafy et al., 2009.

4. Conclusions

It was observed that the finally treated effluent
was found to be complying with WHO (1989) for
treated effluent reuse. Table 6 summarized the
efficiency of the combined UASB/SSF wetland
system for removal of FC with correlation to WHO
Standards (1989).

Table 6: Residual FC count in the effluent of
UASB compared with WHO guidelines
for treated effluent reuse

Finally treated effluent | 1.1 x 10° (MPN/100 ml)

WHO guidelines (1989) | <10° (MPN/100 ml)

Disinfection step could be added to be quite sure
that the effluent in a good complying with WHO
(1989) guidelines. Application of such treatment
systems is a promising technology in the Middle East
countries.

Acknowledgements

This research work has been carried out within
the framework of a project number 28/33 financed by
the Al Jouf University during the year 1433 to 1434.

Corresponding author: M.A. El-Khateeb,
e-mail: elkhateebcairo@yahoo.com,
maelkhateeb@ju.edu.sa

References

1. Abdel-Shafy H.I, El-Khateeb M.A.,
Regelsberger M., El-Sheikh R. and Shehata M.
Integrated System for the Treatment of
Blackwater and Greywater via UASB and
Construced Wetland in Egypt, Journal of
Desalination and Water Treatment, 8, (2009)
272-278.

2. Aiyuk S., Odonkor P., Theko N., van Haandel
A. and Verstracte W., Technical Problems
Ensuing From UASB Reactor Application in
Domestic Wastewater Treatment without Pre-
Treatment, International Journal of
Environmental Science and Development, 1(5)
2010, 392-398.

3. Anders W. and Veronika K., Effect of pond
shape and vegetation heterogeneity on flow and

567

10.

11.

12.

13.

14.

15.

16.

treatment performance of constructed wetlands,
Journal of Hydrology, Volume 301, Issues 1-4,
20 January 2005, 123-138.

APHA (2005). Standard methods for the
examination of water and wastewater, 21% ed.
American Public Health Association,
Washington, DC.

Belmont, M.A., Ikonomou, M.,Metcalfe, C.D.,
Presence of nonylphenol ethoxylate surfactants
in a watershed in central Mexico and removal
from domestic sewage in a treatment wetland,
Environ. Toxicol. Chem. 25, 2006, 29-35.
Braeckevelt M, Reiche N, Trapp S.,
Chlorobenzene removal efficiencies and
removal processes in a pilot-scale constructed
wetland treating contaminated groundwater,
Ecological Engineering, 37, 2011, 903-913.

Brix H., Do macrophytes play a role in
constructed treatment wetlands?, Wat. Sci.
Tech. 35,1997, 11-17.

Cristina S.C., Antonio C. and Rangel O.S.,
Constructed wetland systems vegetated with
different plants applied to the treatment of
tannery wastewater, Water Research, 41, 2007,
1790-1798.

Crites R. and Tchobanoglous G., Small and
Decentralized Wastewater Management
Systems, 1998, WCB and McGraw-Hill. NY,
USA.

Denny P., Implementation of constructed
wetlands in developing countries, Water Science
and Technology, 35, 1997, 27-34.

El-Gohary F.A. and Nasr F.A., Cost-effective
pre-treatment of wastewater, Water Science and
Technology, 139 (5), 1999, 97-103.

El-Khateeb M. A. and El-Gohary F. A.,
Combining UASB Technology and Wetland for
Domestic Wastewater Reclamation and Reuse,
Water Supply. 3 (4), 2003, 201-208.

El-Khateeb M. A., Al-Herrway A.Z., Kamel
M.M. and El-Gohary F. A., Use of Wetlands as
Post-Treatment for Anaerobically Treated
Effluent, Desalination. 245, 2006, 50-59.
Elmitwalli T.A. and Otterpohl R., Anaerobic
biodegradability and treatment of grey water in
upflow anaerobic sludge blanket (UASB)
reactor, Water Research, 41, 2007, 1379 — 1387.
Gabriela V., Helmut W., Marcell N., Peter K.
and Matthias K., Effect of plants and filter
materials on bacteria removal in pilot-scale
constructed wetlands, Water Research, 39 (7),
April 2005, 1361-1373.

Greenway M., The role of constructed wetlands
in secondary effluent treatment and water reuse
in subtropical and arid Australia, Ecological
Engineering, 25 (5), 1 December 2005, 501-509.



Life Science Journal 2013;10(2)

http://www lifesciencesite.com

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Griffin P., Jennings P. and Bowman E.,
Advanced nitrogen removal by rotating
biological contactors, recycle and constructed
wetland, Water Science and Technology, 40 (4-
5), 1999, 383-390.

Haberl R., Constructed wetlands: a chance to
solve wastewater problems in developing
countries, Water Science and Technology, 40,
1999, 11-17.

Hegazy B., El-Khateeb M.A., El-adly Amira A.
and Kamel M.M., Low-cost Wastewater
Treatment Technology, Journal of Applied
Science, 7 (6), 2007, 815-819.

Kadlec R.H, Wallace S.D., Treatment Wetlands,
CRC Press, Boca Raton, Florida, USA, 2009.
Kadlec R.H., Hydrological factors in wetland
water treatment. In: Constructed Wetlands for
Wastewater Treatment, (Hammer DA, ed). 21-
40, 1989, Lewis Publishers, USA

Kivaisi, A.K., The potential for constructed
wetlands for wastewater treatment and reuse in
developing countries: a review, Ecol. Eng. 16,
2001, 545-560.

Koottatep T. and Polprasert C., Role of plant
uptake on nitrogen removal in constructed
wetlands located in the tropics, Water Science
and Technology, 36 (12), 1997, 1-8.
Kyambadde J., Kansiime F., Gumaelius L. and
Dalhammar G., A comparative study of Cyperus
papyrus and Miscanthidium violaceum-based
constructed wetlands for wastewater treatment
in a tropical climate, Water Research, 38 (2),
January 2004, 475-485.

Lakshman, G., Ecotechnological opportunities
for aquatic plants, a survey of utilization
options, In: Reddy, K.R., Smith, WH. (Eds.),
Aquatic Plants for Water Treatment and
Resource Recovery, Magnolia Publishing Inc.,
Orlando, FL, 1987, 49-68.

Langergraber G., Giraldi D., Mena J., Meyer D.,
Pefia M., Toscano A., Brovelli A. and Korkusuz
A., Recent developments in numerical
modelling of subsurface flow constructed
wetlands, Science of The Total Environment,
407 (13), 15 June 2009, 3931-3943.

Mahmoud N., Anaerobic pretreatment of
sewage under low temperature (15°C)
conditions in an integrated UASB-digester
system, Ph.D Thesis, Wageningen University,
Wageningen, The Netherlands, 2002.

3/11/2013

568

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

O’Neill A., Foy RH. and Phillips D.H.,
Phosphorus retention in a constructed wetland
system used to treat dairy wastewater,
Bioresource Technology, 102, 2011, 5024-5031.
Sinclair K., Guidelines for Using Free Water
Surface Constructed Wetlands to Treat
Municipal Sewage, Queensland Department of
Natural Resources, Australia, 2000.

Tanner C.C., Plants as ecosystem engineers in
subsurface-flow treatment wetlands, Water
Science and Technology, 44 (11-12), 2001, 9-
17.

Tanner C.C., Sukias J.P.S. and Upsdell M.P.,
Substratum phosphorus accumulation during
maturation of gravel-bed constructed wetlands,
Water Science and Technology, 40 (4-5), 1999,
147-154.

Thaddeus K. G. and Frances E. L., Quality of
reclaimed waters: a public health need for
source  tracking of  wastewater-derived
protozoan enteropathogens in engineered
wetlands, Transactions of the Royal Society of
Tropical Medicine and Hygiene, 101 (6), June
2007, 532-533.

USEPA, Constructed wetlands treatment of

municipal wastewaters, EPA/625/R-99/010,
September 2000.
Vymazal J., Constructed wetlands for

wastewater treatment, Water, 2, 2010, 530-549.
Wallace S.D. and Knight R.L., Small-scale
constructed wetland treatment systems, Water
Environment Research Foundation, IWA
Publishing, London, UK, 2006.

WHO (World Health Organization), Health
guidelines for the wuse of wastewater in
agriculture and aquaculture, Technical Report
Series No 778. WHO, Geneva, Switzerland,
1989.

World Bank, World Development Indicators”.
World Development  Report  2000/2001:
Attacking Poverty, New York and Oxford:
Oxford University Press, 2001.

Zurita F., De Anda J. and Belmont M.A.,
Treatment of domestic wastewater and
production of commercial flowers in vertical
and horizontal subsurface-flow constructed
wetlands, Ecological Engineering 35, 2009,
861-869.



