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1 Introduction 

 The world's waste generation is growing in lockstep with the increase in population and 
development. One of the main issues of the governments is the management of the waste generated 
[1]. Approximately 80% of anthropogenic wastewater is discharged into the environment without being 
treated or reused. This is not only an environmental issue, but also a serious health risk [2]. Pollutant 
removal from municipal wastewater has been accomplished through a variety of techniques which are 
grouped as conventional and non-conventional methods. In comparison to non-conventional 
wastewater treatment, conventional approaches feature a relatively high level of mechanization. 
Pumping and power supplies are typically required, as well as qualified manpower for system 
processing and preservation [3]. Conventional techniques include chemical precipitation, carbon 
adsorption, ion exchange, evaporation, and membrane processes have been proven to be efficient. 
These methods are either becoming unable to meet current strict regulations effluent limits or are 
getting more expensive. [4]. Due to global water scarcity issues, it is critical to consider non-
conventional water resources to meet the increased demand for clean freshwater. Inadequate sanitation 
and wastewater disposal technologies may cause environmental and public health consequences [5]. 
Wastewater parameters are summarized in table 1. 

Abstract 
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Table 1: Concerning parameters in organic wastewaters that require treatment 
Parameter Common levels 

in wastewater 
Desired 

effluent level 
Desired removal 

rate 
Total suspended solids 150 mg L–1 <30 mg L–1 >80% 

BOD5 150 mg L–1 <30 mg L–1 >80% 
Ammonia-N 25 mg L–1 <2.5 mg L–1 >90% 
Phosphorus 10 mg L–1 <1 mg L–1 >80% 

Pathogenic microbes 104 L–1  >99% 
Odour and colour  Low level >90% 
Toxic substances  Prohibited >90% 

Source [6] modified 
 
Constructed wetlands (CWs) are manmade facilities that have been developed and built to effectively 
treat wastewaters by utilizing natural processes including aquatic plants, substrates, and associated 
bacterial communities. They're made to mimic many of the same processes that occur in natural 
wetlands, but in a more controlled conditions [7]. Constructed wetlands have been increasingly to be 
used for a range of wastewaters, including domestic wastewater, industrial and municipal wastewaters 
[8], heavy oil-produced water, urban and agricultural runoff, and acid mine drainage, as a sustainable, 
cheap, and energy-efficient treatment technology [9].  
There are two main types of constructed wetlands depending on the flow channel in the system: free 
water surface constructed wetlands (FWS CWs) and subsurface flow constructed wetlands (SSF CWs). 
In FWS CWs, water gently flows above a substrate material, forming a free water surface and a water 
column depth of just few centimeters. In contrast, water flows inside a porous substrate in SSF CWs. 
SSF CWs are classified as horizontal (HSSF) or vertical flow depending on the direction of the flow 
route (VSSF) [10] [11]. This classification is summarized in figure 1. 
 

 
Figure 1: Classification of constructed wetlands. 

 
In comparison to convectional wastewater treatment systems, the usage of CW in wastewater treatment 
has proved that contaminants in wastewater can be reduced to acceptable levels [12]. CW are less 
expensive, easier to operate and maintain than traditional treatment systems, and have a bright future 
in developing countries [13]. Studies from different CWs shows clogging or flooding to be major 
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problems the reason being the lack of suitable pretreatment [14][15]. Physical, chemical, and biological 
factors can contribute to CW blockage. The suspended solids enter the CW system to minimize its 
porosity, which is a physical component. The chemical factor is pore clogging caused by the 
development of insoluble inorganic salt precipitates between the substrate and other components 
entering the CW, whereas the biological factor is clogging caused by extracellular polymers released 
by bacteria accumulating in the CW [16]. The amount of sewage solids that can accumulate in the 
gravel substrate of CW is related to influent parameters and rate of flow, according to several studies 
[17]. As the result the efficiency of CW towards wastewater purification decreases [16][18][19]. 
Clogging in CWs can be controlled in two ways: prevention and restoration. Prevention is done by 
physical, chemical, and biological pretreatment of wastewater to delay clogging by eliminating organic 
and suspended particles loads. Restoration is done by resting operations and renovation by substrate 
replacement and backwashing [18]. Long term studies on CWs recommends not more than 25 g 
BOD/m2 d organic load in vertical SSF CWs  and 6 g BOD/m2 d in horizontal SSF CWs [20]. This 
means, appropriate pretreatment could be a solution to minimize  clogging [21], allowing CW systems 
to be long-term functional [9]. Screening, settling basins, stabilizing ponds, and anaerobic treatment 
units are some of the pretreatment options. They are, nevertheless, commonly referred to as efficient, 
cost-effective, and long-term decentralization choices. So, in this review, different methods used in 
pretreatment of wastewater for CW have been described. 

2 Methods of wastewater pretreatment 

2.1 Septic tanks 
The septic tank is the most commonly utilized collection system for onsite disposal and treatment of 
domestic wastewater worldwide. They're especially popular in rural locations where connecting to the 
main sewerage system is either impossible or too expensive [23]. This is a waterproof, covered 
container designed and built to take domestic wastewater, in which two processes occur: solids settling 
and anaerobic digestion of the collected solids [24]. Urine, fecal matter, flushing water, dry-anal 
cleansing materials, anal cleansing water, and/or greywater are all examples of septic tank inputs. A 
standard septic tank is capable of eliminating up to 50% of the input organic materials and suspended 
solids, which will be further degraded by anaerobic digestion in the sludge layer, and roughly 30% of 
the nitrogenous waste from domestic wastewater [25]. The primary function of the septic tank is to 
remove the solids from wastewater, to accumulate and store the sludge and scum, anaerobically 
digestion of solid material, and eventually discharging of partially treated effluent to soak away soil 
for further treatment. Most septic tank can efficiently treat household wastewater at a cheap cost 
provided they are properly located, designed, built, and maintained [23]. A septic tank has three zones: 
a scum layer that forms a crust on the surface of the tank liquid, wastewater from which particles settle, 
and a bottom sludge layer of deposited material. The organic stuff in the tank may be digested 
anaerobically. The degree of digestion is determined by the size of the tank, the frequency with which 
it is cleaned, and the temperature. The tank's capacity is determined by the amount of people it serves 
and the desludging interval. Although flotation and sedimentation remove a portion of the particle 
material, practically all entering dissolved organics pass through the septic tank untreated [26].   
 
2.1.1 Performance of septic tank 

Hydraulic and organic shock loads have little impact on treatment efficiency; it can tolerate long pauses 
in feeding a smaller land area. It does not require skilled staff to run, requires far less operation and 
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maintenance, and has a lower building cost. Furthermore, anaerobic digestion stabilizes the sludge, 
minimizing the amount of sludge created. Many of the settleable solids, oils, greases, and floating 
debris in raw wastewater are removed by a septic tank, which eliminates 60–80 percent of them [26]. 
A two-compartment septic system is shown in figure 2. However, because nutrients and pathogens are 
not eliminated in the septic tank, further treatment is required before the effluent may be discharged 
into ecosystems. In several countries, a septic tank seems to be the only treatment option, leading to 
the release of contaminated effluent, which causes anoxia, eutrophication, and the spread of possibly 
harmful bacteria and viruses [27]. The septic tank effluent characteristics are presented in table 2.  
 

 
Figure 2: Schematic diagram of a two-compartment septic system. 

 
Table 2: Characteristic of septic tank effluent 

Parameter Concentration Range 
BOD5 284-715 mg/l 
COD 397-1236 mg/l 
TSS 324-793 mg/l 
TS 1736-2589 mg/l 
TDS 981-1796 mg/l 
NH3-N 58.40-93.47 mg/l 
PO4-P 24.21-62.47 mg/l 
NO3-N 18.38-56.27 mg/l 
FC 1743-3974 Nos/100ml 
pH 6.32-8.20 

Source: [28] 

The performance of a septic tank is determined by the properties of the influent and the tank design. 
The following septic tank removal efficiencies have been reported: BOD 46 – 68 %, TSS 30 – 81 %, 
phosphate 20 – 65 %, fecal coliform 25 – 66 % [29]. The effluent from the tank is greatly concentrated 
in reduced inorganic nutrients and faecal indicator organisms [30]. The composition of domestic 
wastewater affects greatly the performance of the septic tank. The performance with only toilet 
wastewater is poor compared to when the wastewater comprises toilet, bathroom and kitchen 
wastewater [29]. The key parameters influencing tank design and performance are tank volume, 
hydraulic retention time (HRT), and the amount of collected sludge [31].  
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2.1.2 Septic tank and CWs 

In studies where septic tanks were coupled with a CWs, the pollutants removal efficiency was 
satisfactory [32]. Using three baffle flow CWs for removal of nitrogen and phosphorus from septic 
tank effluent under different hydraulic retention times (HRT) the maximum removal efficiency was 
58.50 % for nitrogen and 95.97 %, for phosphorus at 2 days HRT [33]. In a pilot study on performance 
of CW for treatment of solar septic tank effluents, the data shows effective performance in removing 
organic matter, solids, nutrients, and pathogens [34]. A study was done in Egypt to investigate the 
integration of a septic tank with a CW. The COD and BOD levels of organic load were decreased by 
87% and 89 %, respectively, while the fecal coliform count was reduced by around 5 log units, 
according to the findings [35]. A hybrid tidal flow CW system was employed in another investigation 
to remove excess nutrients from septic tank effluent. TP, NH3-N, and TN elimination ranged from 
35.55 to 77.68%, 33.30 to 72.71%, and 16.25 to 53.17%, respectively. In general, increasing the 
recirculation frequency could enhance the effluent treatment volume [36]. From all these studies it is 
evident that septic tank is an effective pretreatment technology for constructed wetland performance 
in wastewater treatment. 

2.2 Coagulation/flocculation 
Coagulation/flocculation is the oldest method of treating wastewater for both stable and intermediate 
leachates. In this process, chemicals are added to create an insoluble end product. Moreover, this 
technique tries to eliminate other leachate characteristics, such as organic materials that are not 
biodegradable via ionic mechanisms [21] and all these processes increase the rate of sedimentation 
[19]. Coagulants of different varieties have the potential to be used in the treatment of water and 
wastewater. Coagulant types range from chemical to non-chemical, synthesized or natural coagulant 
with +ve charge characteristics. These positive charge would bind to the -ve charged particles in the 
aqueous system, causing turbidity [37]. Coagulation-flocculation is used to agglomerate fine particles 
and colloids into bigger particles in order to minimize turbidity, organic matters, and other soluble 
organic and inorganic pollutants [38]. Coagulation/flocculation chemistry consists of three stages: flash 
mix, coagulation, and flocculation as shown in figure 3 [39].  
 

 
Figure 3: Coagulation process. Source [39] 

 
Temperature, pH, wastewater quality, dosages, and type of coagulant are all aspects that influence 
coagulation–flocculation. The source, compositional charges, particle size, shape, and density of the 
suspended particles vary greatly. Understanding of the interactions of these aspects is essential for the 
proper application of coagulation and flocculation processes, as well as the selection of coagulants 
[40]. Coagulants are chemicals that are applied to the coagulation flocculation processes [41]. They are 
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typically composed of inorganic salts, with iron salts being more effective than aluminum salts. The 
coagulation–flocculation technique is strongly recommended for removal of suspended solids from 
liquid solutions.  
 
2.2.1 Critical parameters for coagulation 

Turbidity reflects the suspended solids in a solution and is the primary measure of solids removal from 
wastewater, whereas high COD indicates the presence of all forms of organic matter, both 
biodegradable and nonbiodegradable. As a result, two metrics (turbidity and COD) are the most critical 
for determining the efficacy of a coagulation–flocculation process [14]. Nevertheless, this process has 
certain drawbacks, including the generation of aluminum and iron, as well as high operational and 
maintenance expenses, large volumes of mud, and the potential for health disruption by causing 
diseases such as Alzheimer's and neurological diseases. These issues urge the execution of several 
studies in order to determine the potential use of natural coagulants in the coagulation and flocculation 
in wastewater treatment [42]. 

2.2.2 Coagulation and CWs 

Coagulation can be coupled with constructed wetland as shown in figure 4. 

 
Figure 4: Simple illustration of coagulation system coupled with constructed wetland 

 
In a study to explore the performance of the coagulation process and CW on the treatment of landfill 
leachate, the results show that combining both technologies yield a promising efficiency [43]. In 
treating the batik wastewater, the combination of coagulation using moringa oleifera seeds powder and 
horizontal subsurface CW eliminated 89.33 % of COD, 98.11 % of TSS, and 92.05 % of fat, oil, and 
grease [42]. 

2.3 Waste stabilization ponds 
WSPs (waste stabilization ponds) also called oxidation ponds or facultative ponds are shallow open 
basins surrounded by earthen embankments and occasionally lined with concrete or synthetic 
geofabrics [44] in which raw sewage is cleaned totally by natural processes involving algae and bacteria 
[45]. Biodegradation occur with the aid of wind aeration and sunlight energy for photosynthesis when 
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wastewater travels slowly through wide shallow basins. Despite the need for a significant amount of 
area, the energy and chemical requirements are negligible [46]. They are one of the most cost-effective, 
reliable, and simple-to-operate techniques for treating home and industrial wastewater in temperate and 
tropical regions. They are also efficient, environmentally friendly, and have a low danger of 
malfunction if correctly planned and built. The country's favorable climatic conditions should also 
encourage their wider adoption for wastewater treatment [47].  
 

2.3.1 Classification of WSPs 

WSP systems are classified into three types: anaerobic, facultative, and maturation. These various 
ponds are placed in series; at any one location, there is frequently more than one series, with each series 
consisting of an anaerobic pond, a facultative pond, and, depending on the effluent quality desired, one 
or more maturation ponds [48]. Figure 5 shows a series of ponds in WSPs.  

 
Figure 5: Series of ponds in WSPs 

 
2.3.2 Performance of WSPs 

The performance of different ponds is summarized in table 3. 
 
Table 3: The treatment performance of various waste stabilization ponds is compared 

Pond BOD Removal Pathogen Removal HRT 
Anaerobic Pond 50 to 85%   1 to 7 days 
Facultative Pond 80 to 95%   5 to 30 days 
Maturation Pond 60 to 80% 90% 15 to 20 days 

Source:[49] 
 
Combination of WSPs and Constructed Wetlands (CW) have proven to be effective wastewater 
treatment alternatives, and the development of low-energy-consuming ecosystems that use natural 
processes, as opposed to complex high-maintenance treatment systems, will hopefully lead to more 
ecologically sustainable wastewater treatment in the future. When compared to conventional methods, 
CWs and WSPs can also meet the demand for a high percentage eradication of microorganisms [50]. 
Figure 6 shows the major processes in WSPs. In a Tanzanian investigation, the addition of CW after 
stabilization pond was able to entirely eradicate helminths. There were no helminths identified in the 
wastewater effluent [52]. A substantial reduction in nitrogen concentrations was seen when a CW was 
combined with WSP [53]. In another investigation where waste stabilization ponds was combined with 
8 vertical flow CWs, and monitored for 2 years, the results shows lower TSS and BOD5 concentrations 
in CWs' effluents than in the final maturation pond's effluent [47]. Generally, WSPs have some benefits 
such as low building and operating costs, low energy consumption, able to withstand surge loadings, 
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minimal chemical use and fewer mechanical issues. The drawbacks includes large land need, possible 
groundwater contamination as a result of leaks, weather conditions have an impact on treatment and 
possibility of suspended solids issues (algae) [54]. 
 

 
Figure 6: Major processes in WSPs. Source [51] 

2.4 Biofilters 

One of the most significant processes in wastewater treatment is filtration [55]. This is an important 
treatment technique in the removal of various pollutants. It is used in water treatment to purify surface 
water for potable use, whereas it is utilized in wastewater treatment to generate effluent with quality 
for multiple uses [56]. A biofilter is any filter that has biomass attached to the filter media where the 
microorganisms adhering to the filter media biodegrading pollutants by a mix of biological oxidation, 
adsorption, and filtration processes [57]. They have been used to treat air, water, and wastewater with 
great effectiveness [56]. Biofiltration has been utilized for organic degradation and ammonia removal, 
and in certain cases, it has been combined with pre-ozonation to give primary disinfection. 
Biofiltration, on the other hand, has some disadvantages, including the necessity for complex water 
and air distribution systems, backwashing requirements, large biofilm sloughing on occasion, and a 
high nitrite residue in the effluent [46]. The growing and preservation of microorganisms adhered to 
the filler surface determine the filter's removal effectiveness. Depending on the type of substrate used 
whether is sand, soil, bark, charcoal or activated carbon will also affect the performance of the biofilter 
[58].  

2.4.1 Performance of biofilters 
Performance of different biofiltration systems is summarised in Table 4. 
 
2.4.2 Biofilters and CWs 
In an investigation on treatment of highly  polluted water using a system consisting of biofilter and 
CW the final effluent had COD 30 mg/L, TN 15 mg/L, NH4+-N  5 mg/L and TP 0.5 mg/L [60]. A 
system combining biofilter followed by a horizontal flow CW with roughly 0.11m2 surface area/person 
can remove more than 70% of BOD and reduce indicator bacteria by up to 5 logs [61]. The results of 
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a pilot scale system comprising of biofilters and CW utilized for greywater treatment revealed that the 
influent dissolved oxygen of less than 1 mg/L improved to 3.4-4.6 mg/L. BOD removal was 99 % 
while COD removal was 95 % [62]. 
 
Table 4: Performance of different biofiltration systems [59]. 
Parameter     Unit Slow sand 

filter 
Rapid 

sand filter 
Granular 

active carbon 
Particle size  
Filtration rates 

    mm  
m h-1 

0.15–1 
0.1–0.3 

0.4–3 
5–25 

0.5–4 
5–15 

Biomass load ng ATP cm-1 20–100 20–2000 30–4000 
Total organic carbon % Removal  10–50 1–40 10–50 
Assimilable organic carbon  % Removal 20–90 25–90 30–90 
Viruses log reduction 0.5–4 0.5–1.5 0.5–1.5 
Protozoa log reduction 2–5 0.5–4 0.5–3 
Bacteria log reduction 0.2–6 0.5–2 0.1–2 

 
3 Conclusion 

Constructed wetlands are capable of treating wastewater from a range of sources household level to 
community. While the specific roles of some of the natural treatment processes in CWs are still unclear, 
expert wastewater experts now have enough information to design systems that are effective and meet 
environmental treatment requirements. The wastewater treated in CWs are normally already pretreated 
to remove solids through some techniques like septic tank, lagoon, aerobic unit, or treatment plants. 
When well designed and coupled with good method of pretreatment, CWs can impose and maximize 
the biological, chemical, and physical processes of natural wetland ecosystems while also efficiently 
removing contaminants and excess nutrient loads. Future study should investigate the compatibility of 
CWs with pretreatment methods for better treatment of wastewater.  
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