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Abstract: The design of wastewater treatment 

system is an important challenge facing the arid 

areas. In this paper, an integrated system is 

presented and tested in situ with a vertical up-flow 

biofilter followed by a three separated horizontal 

constructed wetland. This research aims to assess 

the water quality parameters resulting on up flow 

biofilter combined, with constructed wetland 

planted with local plant species for the removal of 

organic matter and nutrients pollutants from 

water in arid regions. The present experiment 

demonstrated that the wetlands planted with P. 

australis and T. latifolia showed the highest 

removal. T. latifolia performed better than P. 

australis for mostly parameters, while, the wetland 

efficiency indicated that P. australis contributed 

greatly to the removal of TP.  

The methodology is based on a statistical analysis 

of the collected data. 
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I. INTRODUCTION 

The degradation of water resources are a 

worldwide issue especially in arid regions [1]. It is 

strongly increased by industrialization and urban 

growth as well as changing climate conditions [8]. 

The use of treated wastewaters is an alternative for 

conventional water in arid regions [2]. The use of 

natural treatment approaches such as 

biopurification systems and constructed wetlands 

may provide additional alternative means for 

pollution elimination in an ecofriendly manner. 

The biofilter process has gradually been adopted 

in the small communities, since it is simple to 

manage and able to remove organic materials and 

suspended solids simultaneously [4]. Constructed 

wetlands can effectively remove suspended solids, 

organic pollutants and nutrients from wastewater 

[9]. These technologies can offer lower costs of 

construction, maintenance requirements, and 

lower energy consumption. This work aims to 

determine at the pilot scale the efficiency of an 

integrated wastewater treatment system made of 

vertical up-flow biofilter combined with three 

horizontal flow constructed wetlands during seven 

months operating in arid region through weekly 

physico-chemical analysis for the removal of 

organic matter and nutrients pollutants from water. 

 

II. MATERIAL AND METHODS 

II.1. Pilot experimental 

The pilot experimental shown in Figure. 1 

was carried out in the scientific and technical 

research center on the arid regions of Touggourt, 

(Algeria) for the treatment of domestic 

wastewaters. The area is characterized by an arid 

climate with a very high summer temperatures 

exceeding 40 °C in July and August, and winter 

temperatures of around 5 °C in December and 

January, and characterized by annual precipitation 

of 80mm. 
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The system was combined with cylindrical vertical 

up-flow biofilter and constructed wetlands. The 

biofilter had a diameter of 400mm and depth of 

800mm. it was filled with three superimposed 

layers. The lower layer was composed of 150mm 

in depth of coarse gravel (Ø = 20mm), the medium 

layer of 400mm in depth of the fine gravel (Ø = 

10mm) and the upper layer of 100mm in depth of 

sand (Ø = 0.2mm), the biofilter then was feeding 

three constructed wetland; with a height of 

250mm and an area of 0.28m²each, these 

constructed wetlands were filled with the same 

substrate as the biofilter, in the inlet and outlet was 

filled with coarse gravel, the rest by two 

superimposed layers of fine gravel and fine sand. 

The constructed wetland were planted individually 

with young plants., the first was planted with T. 

latifolia, the second with P. australis, and the third 

was without plantation to monitor the efficiency of 

the planted filters. 

Biofilter and constructed wetlands were fed 

periodically once a week by 20 liters of polluted 

water from storage tank (1.20m3) which 

considered as a decanting and feeding tank of the 

integrated system. 

 

 

II.2. Methodology of sampling and analysis 

Water samples were taken by opaque glass 

bottle (1L) after a 3 days retention time in the 

filters every week under normal conditions to 

monitor water quality, from January to July 2017 

at around 9:00 am at the influent (Rw), outlet 

biofilter (Bf), and the outlet of each constructed 

wetland (Phr, Ty, Np), equal volume (1L) were 

collected from all sampling ports were directly 

transported to the CRSTRA laboratory for 

immediate physicochemical and biological 

analysis. For the determination of the BOD5, 

membrane manometers (Oxitop Box WTW) were 

used. COD was measured according to the 

standard methods using the closed reflux 

dichromate colorimetry (AQUA Lytic Al 200, AL 

120). The SS was determined using weight 

method (Centrifuge. ROTOFIX 32 A. Hettich), TP 

was determined using persulfate digestion 

followed by the ascorbic acid spectrophotometric 

method, while PO4-P was measured using the 

ascorbic acid spectrophotometric method 

(Spectrophotometer UV Visible, JENWAY 6310, 

wavelength 880 nm). TKN was determined using 

the Kjeldahl method, NH4-N was determined 

according to the titrimetric method. All samples 

were manually collected, handled and analyzed 

following Rodier [11] approved standard methods.  

 

Figure1. Schematic representation of the 

integrated system with biofilter and a constructed 

wetlands 

 

III. RESULTS AND DISCUSSION 

III.1. Performance and removal efficiencies 

 Suspended solid SS: The highest  values  for  

SS  was  noted  for  raw  wastewater  varying 

between 20 and 1261.3 mg l-1 and with an average 

concentration 423.33 ± 281 mg l-1. The removal of 

SS was very efficient and consistent within the 

biofilter ranged between 74.03 and 94.43% for Bf 

(Figure 2). This emphasizes the importance of the 

primary treatment on SS removal, crucial for 

avoiding clogging of the bed media in wetlands 

[1].  

 

 Chemical oxygen demand COD: The 

concentrations of COD in the raw wastewater 
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influent (Rw) were extremely high which ranged 

between 350-1365 mg l-1 during the entire 

experimental period. The average removal 

efficiencies of COD were 57%, which ranges 

between 28 and 80% for Bf. It is possible that the 

biofilter is responsible for the removal of most 

part of the organic matter, however the treated 

effluents showed a reduction values across the 

treatment system, the overall average COD 

removal values obtained were 91.07% for Phr, 

90.07% for Ty and 88.52% for Np. As the water 

passed through the wetland, the reduction of 

organic matter due to decomposition was achieved 

by biological communities comprising aerobic, 

anaerobic and facultative bacteria attached to the 

filter medium [12]. 

 

 Biochemical oxygen demand BOD: During the 

study period, the influent (Rw) BOD5 

concentrations were varying between 60 and 490 

mg l-1(324.65 ± 96 mg l-1). it was observed that the 

greatest portion of the BOD5 was removed in the 

biofiltre, from 54.6 % to 83.8%, while the average 

removal efficiency  in CWs was lower than 

biofilter where the complete treatment systems 

reached a BOD5 average removal of 89.3%, 88.1% 

and 86.2% for the Ty, Phr and Np. This could be 

because the majority of the easily biodegradable 

BOD5 is removed in the biofilter [6]. In the 

unplanted filter, the BOD5 effluent concentrations 

showed a decrease of the removal efficiencies all 

along the treatment time. The lack of plant in the 

unplanted filter is responsible of SS, COD and 

BOD5 concentration evolutions ways. So gravel 

can only hold back a part of polluted matters. 

Planted filter efficiency is in fact due to the 

combination of gravel and plant actions. The 

organic matter, expressed as BOD5 is decomposed 

by aerobic and anaerobic microbial processes and 

also by physical processes, such as sedimentation 

and filtration [6]-[10].  

 

 Ammonia nitrogen NH4-N: NH4-N  

concentrations  in  the  raw wastewater (RW)  and  

biofilter (Bf)  were  in  average  111,5 ± 42 and 

96.93 ± 39 respectively, with  the  removal 

efficiencies  of  13.8%  for Bf. Subsequently, the 

final average ammonia nitrogen concentrations  in  

the  effluent  of  planted  CWs  were  measured  to  

be  54.1 ± 42.9 and 37.33 ± 17.5 mg l-1 with 

contaminant average removal efficiency of 

55.53% and 65.25%   for Phr and Ty respectively . 

While, in the unplanted CWs (Np) the average 

concentrations values increased than planted CWs 

with 64.42 ± 29.13 with average removal 

efficiency of 40.94% (Figure 2). The  removal  

efficiency  in  the  planted  CWs  being  

significantly  higher  than  unplanted  CWs,  

which  is  similar to  what  it has  been  observed  

in  the  literature [10]. In this study, the  best  

NH4-N  removals  were observed  in  planted CWs  

which  could  be  mainly  attributed  to  the 

presence  of  aerobic  zones  on  the  roots  and  

rhizomes  of  the  vegetation  providing  suitable  

nitrification  sites  and  to  a  lower  extent to  

NH4-N  plant  uptake [3].  

 

 Total Kjeldahl nitrogen (TKN): The influent 

TKN concentrations fluctuated between 96.6 and 

295.4 mg l-1 with an average of 172.2±39mg l-1 

during a continuous operation of 29 weeks (Table 

1). TKN average removal efficiencies in the 

biofilter were 21.3, this may be due to the low 

nitrification ,whereas in the CWs; TKN average 

removal efficiencies increased to be 70.65% (Ty), 

62.98% (Phr) and 56.6 % (Np), this can be 

concluded that the organic nitrogen and ammonia-

nitrogen were the main species contributing to the 

effluent total Kjeldahl nitrogen concentration, and 

according to the results of several studies 

comparing unplanted and planted wetlands 

showed that plants only marginally increased the 

removal rate of organic matter but clearly 

increased the removal rate of ammonium [13]. 

 

 Phosphate phosphorous PO4
3-P: Over the 

monitoring period,  the  average  values  of the  

PO4-P  concentrations  in  the  influent  was equal  

to  5.56  ±  1.70  mg l-1  which  ranged from  1.23 

to 7.99 mg l-1 (Table1). The average 

concentrations of PO4
3-P was 1.88 ± 0.81 mg l-1 

which means a removal efficiency of over 66% in 
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Bf (Figure 2). In  the  CWs , a  low  PO4-P  

concentrations  in  the effluents  than  in  the  

biofilter  were observed. The average removal rate 

of PO4-P ranged from 95 % to 98 % (Figure 2). 

This  may  be  explained by the mechanisms  

responsible of phosphorus  removal  which are the 

substrate adsorption and precipitation at  high pH  

of  9 -11[7]. However,  as  pH  was  not  high  

enough  in  this  study to  trigger  precipitation, 

and the  uptake  of  phosphate  by  P. australis and 

T. latifolia  was low and contributes less  to 

phosphorus  removal comparing with CWs 

without plants (Np) as shown in table1, thus,  the 

bacteria activity  was may be only  mechanism  for  

phosphorous  removal in this trial. 

 

 Total phosphorus TP: During the study period,  

the  concentration  of  total  phosphorus  in  

wastewater  ranged  from  2.82  to  21.12 mg l-1(a  

mean  of 7.29  ± 3.34 mg l-1)  (Table 1). The 

average TP concentrations of Bf was 3.94 ± 2.53, 

which accounts for almost half of phosphorus 

removal efficiencies with 46 %. A similar 

tendency was observed in CWs for the 

concentration of TP aver time. CWs showed a 

reduction of TP concentration in all effluents, and 

the average overall TP removal efficiencies were 

87.72%, 69.88% and 81.94% for Phr, Ty and Np 

respectively. In this integrated system, the 

particulate phosphorus was intercepted by the 

filter material in the biofilter. Phosphorous 

removal is governed mainly by sorption processes 

on the media that is used, and phosphorus can be 

stored in the accumulated sediments. In the 

constructed wetland, phosphorus removal was 

mainly accomplished in two ways: the interception 

(including the functions of adsorption and 

precipitation) and the uptake by the aquatic plants 

[5].  

 

Table 1. Average concentration of the influent and 

effluents water quality parameters (n=29). (a: 

Mean ± standard deviation, b: Min-Max). 

 
 

 
Figure 2. Total and biofilter removal efficiencies 

IV. CONCLUSION 

Our research aimed to design a natural 

integrated wastewater treatment system in arid 

areas by the assessment of biofilter and CWs 

agronomic species performance based on water 

quality values. The experiment demonstrated that 

CWs planted with P. australis and T. latifolia 

provide the highest removal. In this last case, the 

T. latifolia performed better than P. australis for 

most of the tested parameters. The wetland 

efficiency indicated that P. australis contributed 

greatly to the removal of TP.  In this integrated 

system, Organic matter, and PO4-P removal 

mainly happened in the biofilter, whereas NH4-N, 

TKN and TP were mostly removed in the CWs. In 

the future, the management of water quality in arid 

areas needs more practical researches to face the 
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wastewater treatment issue. First, experiment trials 

should be tested including microbiological water 

quality parameters to evaluate the system 

performance. Second, the system working with 

CWs planted with P. australis and T. latifolia in 

association.  

ACKNOWLEDGMENT 

The authors would like to thank the National 

Office of Sanitation (ONA) for its support during 

the experimental stage and to CRSTRA for 

providing laboratory facilities. 

REFERENCES 

[1] Ávila C., Garfí M. and García J. (2013). 

Three-stage hybrid constructed wetland 

system for wastewater treatment and reuse in 

warm climate regions. Spain. Ecological  

Engineering, 61, 43-49. 

[2] Cirelli  G.L.,  Consoli  S.,  Licciardello  F.,  

Aiello  R.,  Giuffrida  F. and Leonardi C. 

(2012). Treated municipal wastewater reuse in 

vegetable production. Agric. Water  Manage, 

104 , 163-170. 

[3] Hu  Y.,  He  F.,  Ma  L.,  Zhang  Y. and  Wu  

Z. (2016). Microbial  nitrogen  removal  

pathways in  integrated  vertical-flow  

constructed  wetland  systems.  Bioresour 

Technol, 207, 339-345. 

[4] Kim Y., Tanaka K., Lee Y. and Chung J. 

(2008). Development and application of 

kinetic model on biological anoxic/aerobic 

filter.  Chemosphere, 70,  990-1001. 

[5] Lu, S.G., Bai, S.Q., Zhu, L. and Shan, H.D. 

(2009), "Removal mechanism of phosphate 

from aqueous solution by fly ash",  J. Hazard. 

Mater, Vol. 161 No. 1, pp. 95-101. 

[6] Merino-Solís M.L., Villegas E., De Anda J. 

and López-López A. (2015). The Effect of the 

Hydraulic Retention Time on the Performance 

of an Ecological Wastewater Treatment 

System: An Anaerobic Filter with a 

Constructed Wetland. Water 7, 1149-1163. 

[7] Mujtaba G., Rizwan M. and Lee K. (2017). 

Removal  of  nutrients  and  COD  from  

wastewater  using  symbiotic co-culture  of  

bacterium  Pseudomonas  putida  and  

immobilized microalga  Chlorella  vulgaris. 

Journal  of  Industrial  and  Engineering  

Chemistry, 49,  145-151. 

[8] Numan  R.M. (2013). Challenges to treated 

wastewater reuse in arid and semi-arid areas. 

Environmental science & policy, 25, 186 -

195. 

[9] Peng L., Hua Y., Cai J., Zhao J., Zhou W. and 

Zhu D. (2014). Effects of plants and 

temperature on nitrogen removal and 

microbiology in a pilot-scale integrated 

vertical-flow wetland treating primary 

domestic wastewater. Ecol. Eng, 64, 285-290.  

[10] Reza  B.,  Nadali  A.,  Monireh  M. and  

Pooya P. (2017).Compost  leachate  treatment  

by  a  pilot-scale  subsurface  horizontal flow  

constructed wetland  Ecological  Engineering, 

105, 7-14. 

[11] RodierJ.,Legube B.,MerletN.,Collectif.(200

9).L’analyse de l’eau,9e Edition, DUNOD, 

1526p. 

[12] Teck-Yee  L., Kasing  A. and Siti-Rubiah  

Z. (2009). Performance of a Pilot-Scale 

Biofilters and Constructed Wetland with 

Ornamental Plants in Greywater Treatment. 

World Applied Sciences Journal,Vol. 6 

No.11, 1555-1562. 

[13] Yumei H., Lian P., Shaohui  Z., Kate V. H., 

Jianwei Z. and Duanwei  Z. (2017). Effects of 

plants and temperature on nitrogen removal 

and microbiology in pilot-scale horizontal 

subsurface flow constructed wetlands treating 

domestic wastewater. Ecological Engineering, 

108, 70-77. 

251


