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Abstract—Due to water scarcity, storage and reuse of water has become a great challenge all over the
world. The conventional methods for the wastewater treatment require large capital investment, oper-
ating cost, and need trained personal for supervision and maintenance. Therefore non conventional
wastewater treatment methods have gained the popularity worldwide. Use of constructed wetland
(CW) technology for wastewater treatment is highly efficient since CW are easy to construct, cost
effective and increase the aesthetic value. Wetlands behavior and efficiency concerning wastewater
treatment mainly depends upon macrophytes, substrate, hydrology, temperature and hydraulic reten-
tion time in the system. Present study deals with the removal of pollutants in two stage hybrid subsur-
face f low CW at different hydraulic retention times (HRT). The domestic wastewater was supplied to
CW and treated using the available perennial macrophyte, Arundo donax. The system was run in rep-
licate along with one control. To assess the removal efficiency of the pollutants, parameters like pH,
temperature, dissolved oxygen (DO), total suspended solids (TSS), biological oxygen demand (BOD),
chemical oxygen demand (COD) and total Kjeldahl nitrogen (TKN) were analyzed at different HRT
i.e., 36, 30 and 24 h. The result of the study observed maximum percentage removal of TSS, BOD,
COD, and TKN was up to 84.61, 98.37, 61.39 and 91.87% respectively at 30 h of retention time.
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INTRODUCTION

Water being an essential component on the earth is of great demand and required for different purposes
in rural, urban, industrial and irrigational areas. The wastewater generated from all these activities con-
tains harmful pollutants into it which are the major cause of soil and water pollution. On the other hand
utilization of water is more as compare to availability of freshwater [1]. So, to reduce the pressure on the
freshwater demand reuse of treated wastewater is the only solution in present situation. Treatment of
wastewater is also challenging task because the numbers of conventional sewage treatment plants in vari-
ous countries including India are leaving behind more percentage of untreated wastewater apart from their
cost. Discharge of this untreated wastewater deteriorates the water quality of receiving watercourse and
makes it unhealthy for drinking, agriculture and aquatic life.

It is very much difficult for developing countries to treat wastewater using conventional methods [2].
With more than 70% of rural areas [3], countries like India struggle economically for installation and
maintenance of conventional treatment plants. In recent years CW have been developed using locally
available macrophytes for treatment of wastewater [4]. It is an emerging, low cost and active approach for
improving the water quality to reuse it for different purposes.

Efficiency of CW depends on the important key factor of hydrological variation such as HRT. Some
research studies also conclude that most effective removal of contaminants occurs at longer HRT which
further depends on selection of macrophyte, design and area of the system [5]. Selection of macrophyte
plays an important role since plants help in removal of organic matter and nutrients, supply oxygen to the
root zone area for decomposition of biodegradable waste material and also plant roots help in maintaining
hydraulic conductivity of the filter media [6, 7].
178



ASSESSMENT OF HYBRID SUBSURFACE FLOW CONSTRUCTED WETLAND 179

Fig. 1. Schematic diagram of HSFCW system planted with Arundo donax: (1) sedimentation tank; (2) vertical subsurface
flow tank; (3) horizontal subsurface f low tank; (4) collection tank; (5) f low control; (6) soil layer; (7) gravel bed.
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In present study, a hybrid subsurface f low constructed wetland (HSFCW) system comprising of both
vertical and horizontal subsurface f low bed was designed to study the impact of different HRT on removal
of pollutants. The structure was designed based on some studies which reveal that horizontal subsurface
flow constructed wetland (HSSFCW) system do not transfer oxygen adequately so to balance the aerobic
condition vertical subsurface f low constructed wetland (VSSFCW) may be designed before the horizontal
subsurface f low system [8]. The study was focused to explore uncommon but available plant species. Most
of the Indian constructed wetlands are using Canna indica or Typha spp. The chosen plant species Arundo
donax is also available in study area but not commonly used in CW. Hybrid system needs shorter HRT
which will need a smaller land footprint and will enhance the applicability of the system. Plant species
Arundo donax used in this study is also not tested in Indian climatic situation. Thus, this study also pro-
vides a new plant species for use in constructed wetlands in Indian situation. The proposed system of
hybrid wetlands is design for higher nitrogen removal.

EXPERIMENTAL 
Two stage HSFCW was constructed near sewage treatment plant, GGSIP University, Dwarka, New

Delhi. Located at 28°35′31.7040′′ N and 77°2′45.7836′′ E. Delhi lies in the sub-tropical belt of earth’s
North Temperate geographical region, a few latitudes north of the Tropic of cancer, with high variation
between summer and winter temperatures and precipitation.

HSFCW was established consisting of sedimentation tank, VSSFCW, HSSFCW and collection tank.
Vertical tank was kept before horizontal tank to enhance the aerobic condition, having working volume of
75 L and a height of 70 cm. The diameter of tank was measured to be 35 cm. The vertical tank was packed
with large sized gravels up to the height of 20 cm from the bottom, 20 cm of small sized gravels, 15 cm of
sand and 15 cm of soil at the top. Size of horizontal bed was kept 50 cm × 25 cm × 35 cm (length × width ×
height) packed with gravels at the inlet and outlet to avoid the blockage and tank was then filled with small
size gravels at the bottom followed by sand and soil in the upper layer (Fig. 1). Domestic wastewater was
supplied to the system through perforated pipe provided with f low control valve at the entrance of inlet.
Perforated pipe was used for the equal distribution of wastewater into the filtering bed of the system. Sys-
tem was planted with Arundo donax because of availability in the study area, its rapid growth and resistance
to different stress. A control (unplanted) hybrid wetland system with the same configuration was run along
with.

Performance of the system was assessed during the month of April, May and June 2018 to optimize
hydraulic retention time. The system was supplied with domestic wastewater at different HRT of 24, 30,
and 36 h over a given period of time. At each HRT wastewater was run for at least 15 days for proper accli-
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Table 1. Average values of pH, temperature and DO in influent and effluent at different HRT

* Average ± standard deviation.

Parameter Influent
concentration

Effluent concentration

36 h HRT 30 h HRT 24 h HRT

HSFCW
outlet

(planted)

control
outlet

(unplanted)

HSFCW
outlet

(planted)

control
outlet

(unplanted)

HSFCW
outlet

(planted)

control
outlet

(unplanted)

pH 7.6 ± 0.16 7.8 ± 0.13 7.9 ± 0.42 7.5 ± 0.10 7.4 ± 0.24 8.24 ± 0.10 7.85 ± 0.08
Tempera-
ture, °C 31 ± 4 30 ± 5 31 ± 5 28 ± 1 29 ± 1 32 ± 1 32 ± 1

DO (mg/L) 0 5 ± 0.5 2.5 ± 0.5 3 ± 1 2 ± 1 3 ± 0.5 1.3 ± 1
matization of macrophytes and further influent and eff luent samples were collected in the polyethylene
bottles from system. The analysis of samples was carried out regularly to observe the performance of con-
structed wetland. Temperature, pH and dissolve oxygen of collected samples were analyzed onsite by the
multiparameter probe. Further samples were taken to laboratory for the analysis of TSS, BOD, COD and
TKN. Wastewater quality parameters were determined using standard America Public Health Association
(APHA) methods [9].

RESULTS AND DISCUSSION
pH, Temperature and DO

The average experimental values of pH, temperature and DO for both influent and eff luent are shown
in Table 1. Minimum and maximum temperature was found to be 25 to 36°C during the functional period.
In addition to temperature, pH plays an important role in CW especially during nitrification and denitri-
fication process. Results showed that pH value varied from 7.2 to 8.3 in HSFCW, which is slightly alkaline
and many research studies also indicate that pH value greater than 6.5 promotes denitirifcation [10]. On
the other hand the slight variation in pH values may be due to microbial activities and plants exudation
[11]. The eff luent pH also meets the disposable standards prescribed by Central Pollution Control Board
(CPCB) [12] and overall both temperature and pH were found to be in suitable range for the growth of
microorganisms.

Influent sample showed absence of DO while DO was found to be improved in eff luent collected
from outlet of both planted and control wetland system. The mean values of the DO were observed to be
5 ± 1 mg/L, 3 ± 0.5 mg/L and 3 ± 0.5 mg/L in case of planted system while in control the mean values of
the DO were 2.5 ± 0.5 mg/L, 2 ± 1 mg/L and 1.3 ± 1mg/L at 36, 30 and 24 h of HRT respectively. Increase
in eff luent DO may be due to photosynthetic activity as well as the atmospheric diffusion to the hollow air
filled channels in the wetland plants that transport oxygen to the roots [13]. The leaves of the Arundo donax
grows so well that might help in promoting photosynthetic activity, also the roots help in prevailing aerobic
conditions within the system.

TSS
The average TSS concentrations obtained at 36, 30 and 24 h HRT are presented in Fig. 2a. The mean

influent concentration of TSS was found to be 276 mg/L which cannot be disposed of either into inland
water or in irrigation land directly as per the CPCB guidelines [12]. During the study, percentage removal
of TSS was found to be 86.2, 84.61, 75.73% in case of planted wetland system and 76.44, 80.78, 74.11% in
case of control wetland system at 36, 30, and 24 h of HRT respectively. Removal of TSS was successfully
achieved by the slow movement of wastewater through the substrate as well as the root network formed by
the macrophytes.

BOD
The results for average influent and eff luent BOD concentrations are shown in Fig. 2b. Percentage

removal of BOD was 89.75, 94.9, and 90.3% in case of control system while 94.22, 98.37, and 96.22% in
case of planted system at 36, 30, and 24 h of HRT. Results obtained indicate that maximum BOD removal
was achieved at 30 h of HRT. The decomposition of organic matter in HSFCW may be due to aerobic con-
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ASSESSMENT OF HYBRID SUBSURFACE FLOW CONSTRUCTED WETLAND 181

Fig. 2. Average concentration of (a) TSS, (b) BOD, (c) COD), (d) TKN in influent and effluent (planted and control) at
36, 30, and 24 h HRT.
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dition in the root zone area of VSSFCW, anaerobic biological process in HSSFCW, filtration and sedi-
mentation [14–16]. Results do not show any significant difference between planted and control
(unplanted) systems in case of BOD removal and similar results are reported during different studies [17].

Concentration of BOD in eff luent lies within the range of disposal on irrigation land and inland sur-
face water prescribed by CPCB [12].

COD

The average COD concentrations obtained at 36, 30 and 24 h HRT are presented in Fig. 2c. COD
removal was observed to be 38.16% at retention time of 24 h and 42.35% at 36 h of HRT. For 30 h of HRT
removal of COD was found to be 61.39% in planted system. Similarly the removal of COD in control sys-
tem was observed to be 16.25, 56.98, and 36.62% at 24, 30, and 36 h of HRT. A significant increase in
COD removal was observed at 30 h of HRT which concludes that 30 h of HRT is sufficient for removal of
organic matter. Difference in removal efficiency at different retention times is accomplished by good
cooperation between the physical and microbial contact time [16]. Some of the studies also observed sim-
ilar results for organic matter removal indicating that longer HRT as well as plants improve removal effi-
ciency but on the other hand it has also been evident from their studies that it does not depend on the
plants richness completely [18].

TKN

Mean values for TKN removal at different HRT are presented in Fig. 2d. Nitrogen is an important pol-
luting constituent of domestic wastewater because of its role in algal growth and eutrophication in water
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bodies. Total nitrogen concentration in influent was observed to be 41.3 ± 1 mg/L during the operation
period.

The percent removal of TKN during the study was found 55.87, 91.87, and 61.27% respectively in
planted system and 28.11, 32.11, and 32.63% in control at 36, 30, and 24 h HRT. Significant removal of
TKN was observed in planted HSFCW as compare to control system at 30 h of retention time. Removal
mechanism of nitrogen in CW happens significantly due to ammonification, aerobic nitrification and
anaerobic denitrification [19]. Therefore the hybrid wetland system was designed having VSSF and HSSF
wetland bed where both aerobic nitrification and anaerobic denitrification could take place to achieve the
sufficient nitrogen removal.

CONCLUSIONS
HSFCW system planted with Arundo donax has potential to treat domestic wastewater in terms of

organic pollutants including BOD and COD. The removal observed was 98.37 and 61.39% respectively.
The efficiency of TSS and TKN removal was 84.61 and 91.87% at 30 h of HRT. The purification process
including vertical and horizontal subsurface f low system had a vital role in removal of organic pollutants,
TSS and TKN. The average concentrations of all the pollutants were measured lower than the prescribed
limits set by CPCB. Hybrid constructed wetland system planted with Arundo donax and other CW system
studied in the literature proves that CW are economic and environment friendly treatment systems.
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