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ABSTRACT 

 Reuse of treated wastewater for irrigation purpose can reduce high pressure on freshwater 

resources. A horizontal subsurface flow constructed wetland (HSSF CW) system filled with 

gravel and planted with Phragmites Australia was used to treat the real wastewater at Al-

Rustumia wastewater treatment plant. Some characteristics of wastewater such as 

biochemical oxygen demand, phosphate and total suspended solids have been monitored from 

15 January until 8 July 2018. The results proved that HSSF unit has a good efficacy in the 

reduction of previous parameters with removal of 84.2, 55.4 and 72.7% while sulphate and 

total dissolved solids were less removal efficiency with 3.3 and  0.99 % respectively. The 

measured values of these parameters were within the permissible limits suitable for irrigation 

purposes. 

Keywords: water parameter; standard water quality; removal efficiency; irrigation; arid 

region 

 
 عبد الحمزةو راهي                                                                         1217-1208:(4(50: 2019-مجلة العلوم الزراعية العراقية 

 نظام الجريان الافقي تحت السطحي لمعالجة المياه الثقيلة واستخدامها للاغراض الزراعيةتقنية الاراضي الرطبة ب استعمال
 اياد فيصل عبد الحمزة                  ى عزيز راهيمن

   استاذ  باحث                                        
 جامعة بغداد /كلية الهندسة/قسم الهندسة البيئية

 المستخلص
اعادة و تمية الخارجة من الاحواض الابتدائية في محطة الرستقليل الضغط على مصادر المياه تم معالجة المياه الثقيلة ل

احواض من الحصى مزروعة بنبات القصب وبطريقة الجريان باستخدامها كمياه ري باستخدام تقنية الاراضي الرطبة المشيدة 
المياه المعالجة مع المحددات عوامل المياه قبل وبعد المعالجة ومقارنة  وامل.تم قياس بعض عالافقي تحت السطحي

حيث كانت كفاءة الازالة للمواد العضوية  يقة امكانية استخدام المياه المعالجة في الريالعالمية.اثبتت المعالجة بهذه الطر 
% قليلة جدا للسلفات 0.99و3.3بينما كانت الازالة. % على التوالي84.2,55.4,72.7والفوسفيت والمواد الصلبة العالقة  

 عالمية للعوامل المختارة.والمواد الصلبة العالقة.المياه الناتجة ملائمة للري ضمن المحددات ال
 , المناطق الجافة.لمياه, كفاءة الازالة ,مياه الري: معاملات المياه, معايير نوعية اكلمات افتتاحية
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INTRODUCTION 

Constructed wetlands (CWs) are artificial 

wastewater treatment systems consisted of 

shallow ponds or channels. These ponds have 

been planted with aquatic plants. The 

treatment of wastewater depended upon the 

natural microbial, biological, physical and 

chemical processes. Previous studies certified 

the possibility of using CWs in the effective 

removal of BOD, and nutrients such as 

nitrogen and phosphorous (4). When the 

surface of the water flowing through the 

system is exposed to the atmosphere, CWs 

classified as Free Water Surface (FWS) 

system. Otherwise, the wetland will be 

Subsurface Flow (SSF) system where no 

contact of wastewater with the atmosphere (5). 

SSF can be classified according to their flow 

patterns into; a) horizontal flow (HSSF) and b) 

vertical flow (VSSF). System layout, the 

removal efficiency of pollutants, area 

requirements, technical complexity, 

applications and costs are the main differences 

between the two types (23). Sindilariu 

employed a HF unit that was packed with 

gravel and planted with Phragmites, Phalaris, 

and local swamp-land plants to provide 

treatment of trout aquaculture. This system 

received a flow rate between 26.3 and 72 Ls
-1

. 

Performance analysis indicates BOD and P, 

removals within 37–49%, and 38–55% 

respectively (20). Abou-Elela 2013 

investigated the treatment efficiency of two 

SSF CW pilot plants operated for three years 

to treat municipal wastewater. A significant 

removal of COD, BOD and TSS were greater 

than 90% in both units (1). Iraq suffered from 

a severe water shortage especially in summer 

season due to increase the demands on the 

limited freshwater supplies. In the future due 

to the rapid growth of population will affect 

the demand on the freshwater with increasing 

generation of wastewater. Conventional 

wastewater treatment plants (WWTP) required 

high investment cost, modern technology and 

high operation energy (15). CWs with their 

low construction cost, less required efforts for 

operation and maintenance, low energy 

consumption as well as their environmental 

advantage can consider good justifications and 

alternatives for wastewater treatment (19). The 

main goal of this research is to investigate the 

ability of using HSSF CW unit planted with 

Phragmites australis (common reeds) for 

municipal wastewater treatment of Al-

Rustumia WWTP, Baghdad, Iraq as an 

alternative of conventional treatment methods.  

MATERIALS AND METHODS 

Site description 
The experimental facility was constructed at 

Al-Rustumia WWTP, the third expansion 

project that is located within Baghdad city / 

Iraq (33̊17ʹ15.41ʺ N 44̊31ʹ55.76ʺ E) as shown 

in Figure 1. This location was related with 

similarity in objectives and environmental 

circumstances between the sanitary WWTP 

and the CW, as well as the presence of 

laboratory building for achieving the planned 

measurements.  

 
Figure 1. Satellite image for Al-Rustumia 

WWTP the third expansion project and the 

location of CWs units 

HSSF CWs’ start-up, operation, and 

monitoring 
The construction of CW unit was started up at 

the beginning of October 2017, and lasted for 

9 months. The system was designed to capture 

wastewater by an electrical submersible pump 

of 1.5 horsepower from the effluent collection 

point of the three primary basins to ensure that 

the amounts of   suspended solids as low as 

possible. Then, this wastewater was supplied 

to the HSSF CW unit from a storage tank by 

gravity with the aid of necessary 

appurtenances such as pipes and valves. The 

unit was operated to allow for plants to grow 

through the duration of stabilization phase 

from 1 October to 31 December 2017, where 

the height of plants reached to 0.7 m. This 

period is important to establish a compacted 

bed by ensuring the appropriate growth of 
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roots and microorganisms that is suitable for 

wastewater treatment (19). Then, the testing 

period was lasting from 15 January to 8 July 

2018.  

Treatment system design 
The HSSF CW unit was manufactured from 

steel frame fitted with fiberglass sheets with 

(2.85*1.2*0.8) m length, width, and depth. 

The basin was filled with medium gravel bed 

(grain size 8-16 mm) up to a height of 0.6 m. 

Two compartments of 0.3 m at the inflow and 

outflow side was filled with coarse gravel 

(grain size 40-60 mm; as seen in Figure 2 to 

protect and avoid potential clogging of the 

inflow/outflow pipes and to achieve uniform 

distribution of flow with time.  

 
Figure 2. Schematic representation of the 

pilot-scale wastewater treatment plant using 

HSSF CW 

The design of HSSF CW unit was the same 

one of the pilot-scale treatment system of 

Langenreichenbach ecotechnology research 

facility installed in Germany (18).  Healthy 

specimens of Phragmites australis were 

trimmed to a height of 0.15 cm and planted in 

bed of the experimental unit to ensure the 

rapid growth during September 2017 with a 

density of 8 plants m
-2

 (21).The wastewater 

was supplied slowly to the bed of CW through 

the perforated polypropylene pipe of 100 mm 

diameter that placed at the top of the inlet 

zone. Then wastewater can be collected by 

another perforated pipe of 100 mm diameter 

that was placed in the bottom of the outlet 

zone. An outlet flow pipe that control the 

water level within the bed as well as for 

periodically collection of samples from the 

effluent was provided.  

Wastewater flow rates and retention time 

estimation 
By using specific surface area of reed bed per 

inhabitant (0.5-1m² capita
-1

) as a simplest 

method for dimensioning, CWs in Dubai, 

United Arab Emirates; Haran Al-Awamied, 

Syria; and Jordan Valley, Jordan have been 

designed (15). Since the climate of Iraq is hot 

where the mean annual temperature can be 

exceeded the 25
o
C, then the required specific 

area can be taken as 0.9 m
2
.capita

-1
. According 

to unpublished information obtained from the 

Ministry of Health and Environment in Iraq, 

the daily discharge of wastewater was 90 L 

capita
-1

 for winter season and increased to 

become 145 L capita
-1

 for summer season, 

then by dividing the surface area of CW 

adopted in the present study (i.e. 3.42 m
2
) on 

the 0.9 m
2
capita

-1
, the result (i.e. ≈ 4 capita) is 

represented the number of persons served by 

this CW unit. By multiplying of values 90 and 

145 L capita
-1

 with 4 capita, then the volume 

of water treated by present CW unit can be 

specified which equal to 360 and 580 L.day
-1

 

for winter and summer seasons respectively. 

Hydraulic retention time (HRT) is equal to the 

actual volume of wastewater in the bed 

(n*L*W*D) divided by the average design 

flow (Qin in m
3
/day). This means that the 

 = 

(0.31*2.85*1.2*0.6)/0.36 ≈ 2 day where: 

 n represents the porosity of the media.  L, W 

and D are the length, width and depth of the 

bed. Many studies proved that 2day is not 

sufficient to achieve the required nitrification 

and nitrogen removal especially with the use 

of new plant (2). Kadlec and Wallace 2009 

applied the nominal parameters of a given 

wetland and this means the use of a nominal 

detention time (τ) as an alternative of HRT 

(14).  

The   

(2.85*1.2*0.6)/0.36 ≈5 days 

Where:  

L, W and D are the length, width and depth of 

the bed. 
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is the flow that enter the bed 

Five days is more suitable time  for organic 

matter and ammonia removal since the water 

spends more time in the wetland, the higher 

the chances for interactions between 

waterborne substances and the wetland 

ecosystem (7) .Hydraulic loading rate (HLR) 

is equal to the inflow rate (Qin) divided by the 

wetland surface area As  

and this means HLR= 0.36/3.42= 0.105 m.day
-

1
 for winter season. The value of HLR was 

increased to become 0.17 m day
-1

 for summer 

season due to increase wastewater flow rate.  

Analytical methods 
The chemical parameters such as BOD, PO4-P, 

and SO4 as well as some physical parameters 

like TSS, TDS and pH were chosen for 

evaluating the performance of HSSF. Samples 

from the inlet and outlet of the CW were 

collected in clean plastic bottles of 500 ml and 

directly transported to the laboratory of the 

treatment plant for analysis. The, BOD, PO4-P, 

and SO4 were measured according to the 

standard methods of the American Public 

Health Association (3) using HACH LANG 

spectrophotometer/ Germany, while BOD was 

measured using Lovibond BOD-System 

OxiDirect / Germany under the manometric 

principle. The EC, TDS and pH were 

measured in electrometric method using WTW 

InoLab 7110 / Germany, while TSS was 

measured using gravimetric filtration (0.45µm 

pore diameter filter) following 2540-D for TSS 

dirt at 103-105
o
C. Water temperature was 

recorded by a mercury thermometer. The 

removal efficiency for each organic and 

inorganic pollutant (%) was calculated based 

on the concentration difference between the 

effluent and influent relative to the influent by 

using Microsoft Office Excel.  

 

 

 

 

RESULTS AND DISCUSSION 

During the study period, the monthly air 

temperature was ranged from 18.3 to 48.3
o
C 

with mean value of 30.4
o
C.The density of the 

planted reeds in the HSSF CW unit was 

increased dramatically from 22 on the 15 

January to become 108 plants.m
-2

in the end of 

operation period (i.e. 8 July) with a height not 

less than 1.5 m as shown in Figure 3. It seems 

that the parts of reeds were suffered from 

yellowing and drying which may be due to the 

rise of temperature during the summer season. 

This problem can be solved according to 

Stefanakis et al. 2014 by trimming these parts 

and added them to the experimental units (21). 

The characteristics of raw wastewater treated 

by HSSF CW unit during the period of study 

are listed in Table 1. 

 
Figure 3. The good growing of Phragmites 

Australia within the HSSF CW 
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Table 1. Overall influent quality in mean value for raw wastewater quality parameters during 

the whole experiment period (Jan. 2018-Jul. 2018). 

Parameter Unit 
No. of 

Samples 
Mean 

Standard 

deviation 
Minimum Maximum 

Biochemical oxygen 

demand(BOD) 
mgL

-1
 12 145.5 35.71 77.0 177.0 

Ortho-phosphate-

phosphorus(PO4-P) 
mgL

-1
 12 3.9 0.67 2.9 4.9 

Sulphate(SO4) mgL
-1

 12 549.3 48.57 480.0 619.0 

Total suspended 

solids(TSS) 
mgL

-1
 12 74.7 22.89 30.0 126.0 

Electrical 

conductivity(EC ) 
dS.m

-1
 12 3.1 0.40 2.5 3.8 

Total dissolved 

solids(TDS) 
mgL

-1
 12 1564.6 198.50 1240.0 1910.0 

pH - 12 7.3 0.15 7.1 7.6 

Water temperature ⁰C 12 24.2 6.00 14.4 33.8 

Air temperature 

(greatest) 
⁰C 12 30.4 9.84 18.3 48.3 

Air temperature 

(lowest) 
⁰C 12 15.3 8.32 3.3 30.0 

Physical parameters  
Figure 4 is plotted the variation of pH, TSS, 

and TDS for HSSF CW unit during the 

operation period. It is clear that the values of 

pH were increased after treatment process and 

these values are greater than the neutral limit 

with range of 7.5 – 8. The increase in pH 

values might be related to shifts in the carbon 

dioxide, alkalinity and pH relationship as a 

result of algal consumption of inorganic 

carbon dioxide from the aqueous media (17), 

however, the measured values are compatible 

with acceptable limits specified by FAO 

(2003) standards (8). The results proved that 

the TSS have been well removed with mean 

effluent concentration of 19.7 mgL
-1

 when the 

mean of the influent concentration equal to 

74.6 mgL
-1

 with removal percentages ranged 

from 53.3 to 79.6% during the 12 batch 

experiments. The steady hydraulic 

characteristics of the substrate will have a 

significant role in the creation of a substantial 

filtering media that able to remove large 

amounts of solids by sedimentation. Also, 

microbial metabolism of colloidal solids and 

electrostatic interaction with electric charges 

associated with plant roots are additional 

processes that able to suspended solids settle 

out through auto and chemical flocculation 

(17). Figure 4 certifies that the effluent 

concentrations of TSS are increased in the 

summer season and this may be due to 

increase of influent concentration and the 

breakdown of biofilm (16). 
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Figure 4. Variation of pH (a), TSS (b) and TDS (c) during the entire operational 

period for planted horizontal subsurface flow constructed wetland. 

The total dissolved solids TDS reflect the 

salinity variation and the results in Figure 4 

signified that their minimum and maximum 

removal were 1.6 and 8.9% respectively. 

However, the effluent TDS concentrations 

were increased in the summer season and this 

is very clear through the negative sign 

(efficiency equal to -4.8%). The TDS removal 

is regulated by various biogeochemical 

reactions functioning in the substrate and 

water column unlike to the suspended or 

particulate. So, there is no evidence 

explanation about the behavior of the TDS 

variation and no description detention time, 

hydraulic loading could be formed according 

to the plant nature, plant mature, rate, influent 

wastewater TDS and temperature or any other 

factors as described by previous studies such 

as (16)  and (22).  

 

Removal of organic matter (BOD) 
The HSSF CW has been successfully used to 

treat the municipal wastewater as shown in 

Figure 4 with a wide range of inflow 

concentrations of organic materials where 

BOD influent concentrations was 77–177 

mgL
-1

, while the removal efficiency for each 

parameter not less than 72.6% and not greater  

than 91.8%. The results signified that the 

removal efficiencies of BOD in the HF unit 

was increased starting from 15 January until 

15 March 2018 with percentage not exceeded 

25% and then approximately remain constant, 

however, this increase may be attributed to the 

increase of plant density which played a 

potential role in the requirements of organic 

matters aerobic degradation especially with the 

upper layer of the bed approximately 10–20 

cm (22). The aerobic process requires an 

elevated oxygen supply which is utilized as an 
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electron acceptor and Phragmites australis will 

be the major source of required oxygen. The 

decrease of dissolved oxygen concentration 

inside the bed could be enhanced the anaerobic 

processes of BOD removal. The release of 

odors from the HSSF CW unit during 

experimental days is considered a good 

indicator of the anaerobic decomposition of 

organic matter by acid- or methane-forming 

bacteria. The effluent BOD concentrations in 

February were only greater than the EU limit 

25 mgL
-1

 and this can be solved, for example, 

by increasing the detention time (12). Finally, 

the results of HSSF CW unit are compatible 

with previous studies such as (10) and (11). 

 
Figure 5. Variation of organic materials during the entire operational period for planted 

horizontal subsurface flow constructed wetland 

Removal of phosphate and sulphate 
Figure 6 illustrates the reduction percentage in 

the influent concentration of  to the 

HSSF CW unit along the operation period with 

mean value equal to 55.3% and the effluent 

concentrations are not exceeded 2.2mgL
-1

. 

Although orthophosphates can be degraded 

biologically; polyphosphates often undergo 

hydrolysis process but the commonly removal 

of phosphorus observed in subsurface flow 

wetlands is through chemical adsorption to the 

media that is generally achieved through 

precipitation of phosphorus as well as the plant 

and microorganism uptake (24). The mean 

influent concentration of  was equal to 

549.3 mgL
-1

 and the HSSF CW unit showed 

 an evidence fluctuation in the removal 

efficiency of this parameter which decreased 

with percentages ranged from 0.5 to 16.7% 

(Figure 6). The present fluctuations can be 

resulted from processes occurring within the 

unit such nitrification, sulphide oxidation, 

denitrification and sulphate reduction that can 

occur simultaneously in the rhizosphere of 

treatment wetlands caused by dynamic redox 

gradients (aerobic–anaerobic) conditions (9). 

In addition, the process of denitrification 

occurred by microorganisms can be another 

reason for this fluctuation that caused nitrate 

reduction to N2 and allowed the oxidation of 

sulphide to sulphate (6).  
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Figure 6. Variation of phosphate (a) and sulphate (b) during the entire 

operational period for planted horizontal subsurface flow constructed wetland.

Quality of treated wastewater  

Table 2 elucidates the comparison between the 

HSSF CW unit effluent concentration for 

measured parameters and the permissible 

limits for treated wastewater used in 

agriculture purposes adopted by France, 

WHO, FAO and USEPA. This table indicated 

that the salinity of the treated water is within 

the acceptable standards, generally, if the EC 

of irrigation water is below 0.7 dS.m
-1

, it has 

not negative effect on the crop growth; when 

EC above 3 dS.m
-1

, this can cause a severe 

damage for crop (13). Previous studies proved 

that the TSS does not have adverse effects on 

the irrigation facilities. Table 2 shows that the 

France standards specified that this parameter 

must be less than 15 to use of treated water for 

processed food crops. Also, the pH values of 

treated water were within the permissible 

limits and this water can be applied to stream, 

lake, and groundwater. Concerning BOD, The 

quality of treated wastewater is compatible 

with irrigation requirements where mean 

effluent BOD is 22.3mgL
-1

, so there is no 

negative effect of BOD on the growing of food 

crops as shown in Table 2. The water used in 

the irrigation may be contained a high 

proportion of the slightly ions and salts such as 

PO4-P, calcium, bicarbonate and sulphate 

where these salts might be caused clogging for 

the irrigation equipment due to the stimulation 

of bacteria or algae growth.  (7) The present 

results proved that the HSSF CW unit can play 

a good role in the reduction of PO4-P 

concentrations which are acceptable for 

irrigation under the limits of FAO. Finally, the 

concentrations of sulphate in the wastewater 

treated by HSSF CW unit were within the 

acceptable limits and this is very clear in the 

Table 2. 
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Table 2.  Comparison between measured parameters with irrigation water quality guidelines 

and standards for wastewater reuse in the agriculture sector 
Parameter Influent (effluent)      USEPA 

        (22) 

 

    FAO  

      (8)  

 

WHO      

(24)  
1
  

 

FRANCE  

(13) 

 

EC (dS.m
-1

) 3.12 (3.1) – 0.7-3.3 – – 

TDS (mgL
-1

) 1564.6 (1551.3) – 450-2000 – – 

TSS (mgL
-1

) 74.7 (19.7) 

Food
a 

crops 
– 

– – 
Unrestri-

cted
c
 

<15 
Processed

b
 

food crops 
<30 

pH 7.2 (7.7) 6.0–9.0 6.5-8.4 – – 

PO4-P (mgL
-1

) 3.9 (1.7) – 0-2 – – 

SO4 (me.l
-1

) 11.08 (11.43) – 0-20 – – 

BOD (mgL
-1

) 145.5 (22.3) 

Food
a
 crops <10 

– 

– 

 

– 
– Processed

b
 

Food crops 
<30 

1-The most stringent verification monitoring 

level, which refers to what has previously been 

referred to as effluent guideline levels, for 

each irrigation type and arithmetic mean value. 

a- Food crops: The use of reclaimed water to 

irrigate food crops that are intended for human 

consumption. b- Non-food crops and 

processed food crops: The use of reclaimed 

water to irrigate crops that are either processed 

before human consumption or not consumed 

by humans. c- Use of treated wastewater to 

grow crops that are normally eaten raw.  The 

result proved that there is a dramatic growth in 

the used plants which was increased from 22 

to 108 plants/m2with height not less than 1.5 

m through the operation period started from 15 

January until 8 July 2018. The biofilm and 

plants as well as other physical and chemical 

process may play a significant role in the 

treatment process. The HSSF CW technology 

proved its ability in the achievement a 

satisfactory treatment for real municipal 

wastewater which enhanced that using of this 

sustainable technique can consider as an 

alternative of conventional wastewater 

treatment technique especially in the rural 

areas where it is difficult to connect of these 

areas to the sewerage system. The results 

proved that the removal efficiencies achieved 

using HSSF CW unit have good values. These 

values were, 84.2, 55.4 and 72.7%for BOD, 

PO4-P, and TDS respectively. After 

considering the permissible limits for water 

required, the present treated wastewater can be 

used effectively in the irrigation process as a 

supporting source for freshwater. 
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