
J. Environ. Res. Develop. 
Journal of Environmental Research And Development                   Vol. 7 No. 4A, April-June 2013 

1565 
 

REMOVAL OF POLLUTANTS FROM MUNICIPAL WA-
STE WATER IN SUB - SURFACE FLOW CONSTRUC 

-TED WETLANDS : EFFECTS OF VEGETATION 
Gupta A. B.,  Jagwani Tushali*, Rampuria Aakanksha  and Vijayvargia Prakash  

Department of Civil Engineering, MNIT Jaipur, Jaipur (INDIA) 

 

Received October 05, 2012                                                         Accepted January 25, 2013 

ABSTRACT 
Wetland systems are recognised as one of the technologies that can be used in conjunction with 
traditional waste water treatment technologies as a cost effective wastewater management option 
in both developed and developing countries.  In present study we have monitored the efficiency 
of Brahmpuri (vegetated) and unvegetated sub-surface horizontal flow type constructed wetlands 
in terms of five-day Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), 
Total Suspended Solids (TSS), Nitrogen, Phosphorous. Dissolved Oxygen (DO) and 
conductivity were also measured. Average removal efficiency of wetland for BOD, COD, TSS, 
TKN were found 45.6%, 49.7%, 18.63 and 49.6 respectively. These constructed wetlands 
receives tertiary treated sewage water which is then finally discharged into the lake to maintain 
water losses of lake. Unvegetated wetland is found to be more efficient in removing BOD, COD, 
TSS and phosphorous. Vegetated system is more efficient than unvegetated system in removing 
nitrogen. Brahmpuri wetland is uncovered and lacks maintenance. Harvesting is not proper in 
vegetated wetlands due to which decayed plant litter falls back to the wetland increasing the 
organic load into the wetland. Small area and lower detention time are constraints in efficient 
working of these wetlands. 
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INTRODUCTION 

The concept of constructed wetlands applied 
for the purification of various wastewater has 
received growing interest and is gaining 
popularity as a cost effective wastewater 
management option in both developed and 
developing countries. Most of these systems 
are easy to operate, require low maintenance 
and  have low investment costs. 
Their  low  cost,  low  maintenance   and   
generally   good   performance   in  improving 
water quality have appealed to many  
individual  homeowners  and  small  
communities.  Although considerable progress 
have been made in  our understanding of the 
physical, chemical and  biological processes 
that facilitate treatment, in- consistent results 
suggest that further research is  needed to 
optimize system functioning. One aspect that 
has  been controversial is the role of vegetation  

and the effects of different plant species. 
Although some studies1 have documented that 
macrophytes can improve BOD and  bacterial 
removal from wastewaters through 
sedimentation, mechanical filtration, nutrient 
assimilation,  oxygenation,  and  microbial  
attachment  mechanisms, others did not detect 
any significant  difference between planted and 
unplanted systems.2 
Comparisons of different studies are difficult 
because they utilize diverse substrates, 
different water flow designs and rates and  
variable hydraulic and mass loadings. For 
example, the role of the  substrate  and  the  
rhizosphere  in  surface  flow  systems  are  
quite  negligible  compared  with  the  
subsurface  flow  systems,  where  long  
residence  times allow extensive interaction 
with the wastewater. While resilient, slow 
growing species with low seasonal biomass 
turnover and  high  root- zone aeration 
capacity   may   be   suitable   for surface  flow  *Author for correspondence 
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systems, high productivity species, tolerant to  
high levels of pollutants and hypertrophic 
water- logged conditions may be functionally 
superior in  subsurface  flow  systems. 

AIMS AND OBJECTIVES 
The primary objective of this study is to 
compare the efficiency of non-vegetated and 
vegetated wetland systems for removal of 
various physico-chemical parameters (BOD, 
COD, TSS) and nutrient removal (nitrogen and 
phosphorus) and to conclude the role of 
vegetation in wetlands. 

MATERIAL  AND METHODS 
Study area 
Mansagar lake, situated in Jaipur, India receives 
water through two nallas (drains) namely 
Brahmpuri and Nagtalai nalla which         
receive  sewage and industrial (primarily dyeing 
and printing industries) wastewater from 
nearby areas. This water from nallas is given 
secondary and tertiary treatment and then 
released into the wetlands. This treated water 
is then finally discharged into the lake.  A 
Sewage Treatment Plant (STP) treats 27 MLD 
of sewage water daily up to secondary stage. 
7.8 MLD of this STP treated water is given 
tertiary treatment (phosphorus precipitation 
using alum and lime) and rest 19.2 MLD water 
is diverted into Brahmpuri nalla. Farmers use 
this diverted water for irrigation purposes. 
Water from Tertiary Treatment Plant (TTP) is  

diverted to three constructed wetlands as 
shown in Fig. 1. This water is then finally 
discharged into lake. Our study is focused on 
Brahmpuri site, which is horizontal sub surface 
flow type wetland. Fig. 2 shows the layout of 
Brahmpuri wetland.Physico chemically treated 
sewage is admitted by gravity from the last 
unit i.e. cascade aerator to the main splitter box 
from where TTP treated water is channelized 
into three constructed wetlands. One of these 
constructed wetlands is Brahmpuri wetland. It 
has both vegetated and unvegetated cells 
where this study was carried out. Thus, the 
entire flow of 7.8 MLD tertiary treated effluent 
is divided into 21 units (7 units at Brahmpuri 
wetland, 10 at Haz House and 4 at Gurudwara 
site) of horizontal constructed wetlands, 
located at three sites. One unit of horizontal 
constructed wetland treating about 370 cu.m. 
per day flow, is of about 65 m x 20 m plain 
area, having 0.8 m depth of media filling and 
0.4 m free board, with a 2.0 m wide outlet 
chamber in which adjustable wooden slats 
overflow weir is provided to control flow rate 
through the wetland. Flow through this 
wetland is continuous. Phragmites australis 
plantation is used in this horizontal constructed 
wetland system. Phragmites or common reeds 
(Phragmites australis/communis) are tall 
plants that grow in large colonies.  It spreads 
by rhizomes, forming a dense mat that 
prevents other plants from growing. 

 
Fig. 1 : Distribution of untreated sewage water 
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Source: Jal Mahal Resorts Pvt. Ltd. 

Fig 2 : Layout of Brahmpuri wetland 

Sampling 
Sampling was carried out at monthly intervals 
over a period of 12 months. For physico-
chemical analysis, samples were collected in 
acid-washed plastic jars. The samples were 
transported on ice to the laboratory and analyzed 
within 6 h of collection. Samples from inlet and 
outlet of constructed wetlands were drawn. 
Sampling was done between months of June, 
2011 and May, 2012. TTP treated water served 
as inlet for wetlands. The physical and chemical 
parameters  in  inlet  and  outlet  were  compared. 
The samples were subjected to physico-chemical  

analysis following the procedures prescribed by 
standard methods 17th edition Published in 1989. 
Parameters like pH, DO, BOD, COD, Total 
Suspended Solids, Total Dissolved Solids, 
phosphate and nitrogen were also analyzed using 
the same reference. 

RESULTS AND DISCUSSION 
Average removal efficiencies of vegetated and 
unvegetated wetland are shown in Table 1 
Values of different parameters at inlet and outlet 
of vegetated and unvegetated wetland and their 
respectively removal efficiency.  

Table 1 : Average removal efficiencies of vegetated and unvegetated wetland 

Parameter 

Brahmpuri (vegetated) wetland Unvegetated wetland 

Inlet (mg/l) Outlet 
(mg/l) 

Removal 
efficiency 

(%) 
Inlet (mg/l) Outlet 

(mg/l) 

Removal 
efficiency 

(%) 
BOD 37.83(3.23) 19.09(1.5) 45.6(3.81) 45(4.11) 12(0.99) 70.9(2.64) 

COD 191.26(10.6) 93.36(7.3) 49.7(3.84) 201.3(13.26) 55.2(11.69) 73.02(5.04) 

TDS 113.78(3.36) 92.11(6.12) 18.63(5.22) 115(5.22) 68.6(7.04) 39.89(6.67) 

DO 0.0-2.4 0.7-4.4  0.0-1.2 1.8-6.2  

Phosphate 5.22(0.85) 4.76(1.23) 1.46(21.1) 5.22(0.85) 1.73(0.44) 62.82(11.66) 

TKN 81.78(8.72) 41.12(1.23) 49.62(0.63) 81.78(8.72) 79(8.21) 6.95(0.14) 

Nitrate 0(0) 1.13-12.13  0.0-1.97 0.5-32.17  

Nitrite 0.01(0) 0.01(0) -149.3(99.5) 0.01(0) 0.02(0.01) -1.77(147.6) 
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BOD and  COD 
Average BOD removal rate of Brahmpuri 
vegetated wetland is 45.6% which shows that 
wetland  is  not working efficiently. Average 
BOD  removal  efficiency  in  summer, rainy 
and winter seasons are 51%, 40.6% and 
33.6% respectively. As expected removal 
efficiency in winter is lower than that in 
summers and rainy season due to slower 
microbial activities.  
Unvegetated wetland shows consistent BOD 
removal efficiency with 70.9% which is good 
and within the range as cited in literature.3-5 
Average COD removal efficiency of 
Brahmpuri vegetated wetland is 49.7%. In 
summer, winter and rainy season efficiency is 
52.42%, 50.57% and 35.88%, unvegetated 
wetland has COD removal efficiency of 
67.95% and 69.03% during winter and summer 
respectively. 
Improper harvesting of plants and falling and 
decay of larger overall above ground biomass 
contributes additional BOD to the wastewater 
can be probable reason of lower efficiency in 
vegetated wetland. Often, due to technical 
problems supply of wastewater to the wetlands is 
stopped due to which plants dry out and litter fall 
back into the wetlands contributing BOD. The 
performance of the vegetated systems may be 
enhanced if most of the above ground biomass is 
harvested at the end of the season rather than 
allowed to return and decay within the wetland, 
thus increasing the organic load. The relatively 
high BOD removal rate of the unplanted systems 
may also be related to the lack of vegetation 
cover, which may have resulted in extra aeration 
and oxidation of the organic load. When wetland 
was originally designed, it was assumed that 
receiving BOD would be 10 mg/l, as this was the 
contracted value given to the STP operator. As 
per this loading rate, area of wetland according to 
the equation proposed by Kickuth for sizing of 
horizontal sub-surface flow systems for domestic 
sewage treatment, should be 16635.5 m2. But due 
to the constraints of the available land, the actual 
wetland area available was 7530 m2. As per the 
present conditions, the average BOD received at 
the inlet of the wetland is 37.8 mg/l, which 
requires an area of 48548.9 m2. Thus the 
available   area  of  wetland  is  1.2  times smaller  

than the designed area proposed for receiving 
BOD of 10 mg/l and  it is 5.4 times smaller for 
the present conditions of the influent BOD 
received at the inlet. This is the major reason for 
low efficiency of the system. 
TSS 
Average TSS removal in Brahmpuri vegetated 
wetland is 18.63% whereas in case of 
unvegetated one it is 39.89%, clearly 
indicating that both wetland are acting as a 
source  for  suspended  solids.  In  unvegetated  
wetland one out of six cases, increase in 
suspended solids in effluent as compared to 
influent is observed. Therefore removal of both 
suspended BOD and COD is efficient in this 
wetland. 
In vegetated wetland higher loading rates, 
washout of substrate might be taking place 
contributing to suspended solids and plant 
litter may also be increasing the suspended 
solids in wetlands. From the readings of BOD 
and COD, it can be concluded that suspended 
solids that are being added to wetlands are 
mostly inorganic in nature as removal of 
suspended BOD is efficient while removal of 
suspended COD is not that efficient. 
DO 
DO values of vegetated and unvegetated 
wetland indicates good aeration conditions 
within the wetlands and this also explains 
increased removal rates with increase in 
loading rates as the system has a scope for 
further oxidation. 
Phosphorus 
Adsorption is the primary mechanism of P 
removal in case of sub-surface flow wetlands. 
But during higher loading rates when 
wastewater starts flowing on the surface, 
adsorption can no longer play an effective role 
in phosphorous removal. Phosphorous taken 
up by microbiota is released back to the water 
after decay of the organism. Plant uptake plays 
an important role in phosphorous removal in 
wetlands. 
The results of phosphate removal in Brahmpuri 
(vegetated) and unvegetated wetland was 
highly unexpected. Phosphorous removal in 
unvegetated wetland is higher than the 
vegetated wetland. But higher removal rates 
were  expected  in the vegetated wetland due to  
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plant uptake.  Average loading rates of 
phosphorous in Brahmpuri vegetated and 
unvegetated wetland is 1.56 g/m2 and 2.02 
g/m2 respectively. Average removal of 
phosphate for vegetated wetland was very low 
as in some of the cases increase in phosphate 
concentration at outlet was observed while 
average phosphate removal efficiency of 
unvegetated wetland was 63%. Brahmpuri 
wetland due to higher hydraulic loading, most 
of the times water start flowing on the surface 

which results in limited contact between 
absorption sites and the applied water. This 
wetland is also not covered making entry of 
pigs and dogs possible into the wetland. When 
water flows on the surface it comes in contact 
with the plant litter and animal excreta 
increasing the phosphate at outlet.  
Phosphorous is released back from the plant 
biomass to the wetland after decay of plant. 
Dead roots decompose underground thus 
returning phosphorous to soil (Fig.3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 : Surface flow due to hydraulic overloading in Delhi Bypass wetland 

Unvegetated wetland does not have the 
problem of overflow rendering the surface 
flow of water. Therefore the primary 
mechanism by which phosphorous removal is 
taking place is adsorption and this process is 
very effective in phosphorous removal. Here 
no plant uptake and no soil accretion is taking 
place. Precipitation too contributes negligible 
to the total phosphorous removal in sub 
surface wetlands. Contribution of microbial 
uptake is also very low in such systems. Thus 
the dominating removal process is adsorption. 
Nitrogen 
TKN is sum of organic nitrogen and ammonia. 
Organic nitrogen in the wetland is converted 
into ammonia by the process of 
ammonification. Rates of ammonification are 
higher in the wetlands. Sometimes 100% 
conversion of organic nitrogen to ammonia 
takes place. Nitrate and nitrite build up is 
observed in both the wetlands indicating 
nitrification conditions prevail in the wetland. 
Average TKN removal in Brahmpuri vegetated 

and unvegetated wetland is 49.6% and 6.95% 
respectively. 
Unvegetated wetland shows minimal nitrogen 
removal indicating plant uptake is playing 
important role in nitrogen removal in 
Brahmpuri. Processes like microbial uptake 
and ammonia adsorption are contributing to 
nitrogen removal in unvegetated systems. 
These are highly aerobic and hence only 
nitrification can take place, which only 
converts one form of nitrogen (ammonical) to 
other (nitrite/nitrate). 

CONCLUSION 
If we compare the removal efficiencies of 
vegetated and unvegetated wetland shown in 
Table 1, it can be seen that unvegetated 
wetland is performing better than the vegetated 
ones. Only the removal of nitrogen is better in 
vegetated wetlands suggesting that removal of 
nitrogen is mostly by plant uptake. 
Phosphorous removal is better in unvegetated 
wetland    which    was    highly    unexpected  
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indicating the importance of harvesting in 
vegetated wetlands to obtain maximum benefit 
from planted wetlands. Plant litter is 
contributing back to phosphorous in vegetated 
wetlands. Removal of suspended solids is also 
efficient in unvegetated wetland due to which 
removal of BOD and COD are also efficient. 
The wetland systems were highly under-
designed due to the space constraints at the 
site, however, wetlands performed satisfac-
torily in spite of space constraint and lower  
detention time indicating wetlands are a good 
wastewater treatment option in Indian 
environmental conditions. This suggests that 
much more compact wetland systems than 
what are designed as per standard equation 
used for their design in the western literature 
can serve the purpose of polishing of the 
sewage before it could be allowed to enter any 
lake system. However, the major reason for 
low removals of nitrogen and phosphorous was 
the open access to cattle and harvesting of the 
plants not being done. Controlled harvesting of 
plants is easier in a wetland system and should 
be practised for efficient working of wetlands. 
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Our environmental problems 
originate in the hubris of imagining 
ourselves as the central nervous 
system or the brain of nature. We're 
not the brain, we are a cancer on 
nature. 

Dave Foreman 

 


