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Abstract— Kolleru Lake is one of the largest fresh water 

bodies among the Indian wetlands. It is located in the West 

Godavari and Krishna districts of Andhra Pradesh, India. The 

lake receives water from 13 major streams/ rivulets. Among 

them Tammileru and Budameru are important in terms of 

water input.  Indiscriminate exploitation of the Kolleru area has 

evidently resulted in depletion of many of the ecological goods 

and services conventionally derived from it. The major sources 

of pollution are agricultural run-off carries residues of several 

agrochemicals such as fertilizers, pesticides and herbicides; fish 

tank discharges contain antibiotics, pro-biotics and food wastes; 

industrial effluents containing chemical residues and organics 

of different types and municipal and domestic sewage of high 

BOD. As a part of Environmental Management Plan of Kolleru 

Lake a study was carried out to identify a low cost, environment 

friendly and sustainable non-conventional treatment option for 

aquaculture wastewater discharges from fish ponds which are a 

pre-dominant along the inlet drains near the mouth of Kolleru 

Lake. Constructed or engineered wetland is a proven and 

sustainable technological intervention to deal with low to 

moderate pollution loads. According to India water portal, 

constructed wetlands are cost-effective cleaning option. A Free 

Flow Baffle Wall Constructed Wetland (BWCW) was designed 

and fabricated with two units for testing two different 

macrophytes i.e., Eichhornia crassipes in Unit I and Typha 

angustata in Unit II to treat the wastewater samples collected 

from fish pond discharges joining the inlet drains of Kolleru 

Lake. Wastewater samples were collected during four different 

seasons of the year and applied for treatment in Unit I and II of 

BWCW to determine the potential of the macrophytes in 

treating the wastewater. The study revealed that the 

concentrations of tested parameters in treated waters of Unit I 

and Unit II varied from season to season with encouraging 

treatment efficiencies for treating the wastewater discharges 

from fish ponds. 

 
Index Terms— Baffle wall constructed wetland, Fishpond 

discharge, Macrophytes, Kolleru area 

I. INTRODUCTION 

Water availability is facing many challenges globally 

especially in developing countries such as improper water 

management, reduction of surface and groundwater 

resources. 
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Competition for water has widely increased as it has become 

difficult to satisfy the requirements of water supply for human 

consumption, food production, ecosystems, and other uses. 

As a result, net freshwater resources on earth have not only 

been dwindling exponentially, but also turning perilous at an 

alarming pace to humans [1, 2] and all other life forms [3]. In 

the light of this gravitas, strategies to ensure rational use of  

water resources, especially in our country are urgently called 

for without any second thought. Wetlands are one of the most 

productive ecosystems of the world offering wide range of 

eco-services like water purification, ground water recharge, 

stream flow maintenance, flood balancing, nutrient recycling, 

wildlife habitats, natural food resources, food chain support, 

aquatic life form sustenance and a host of other benefits 

including carbon sequestration. Kolleru Lake is a fresh water 

wet land lying between latitudes 16
°
32’-16

°
51’ and longitudes 

81
°
50’-81

°
20’in the districts of West Godavari and Krishna 

in-between the two major rivers Godavari and Krishna in 

Andhra Pradesh, India.  The lake was declared as a Wildlife 

Sanctuary in 1999 under the Indian Wildlife Protection Act, 

1972 and an internationally important Ramsar Site on 19th 

August 2002 [4]. About 9.6 TMC of freshwater is estimated 

to reach the lake from all the sources. The inflow in peak 

rainy season is about 1,11,000 cusec while the out flow is a 

meager 12,000 cusec [5]. The lake discharges into the Bay of 

Bengal in the east through a meandering 65 km long channel 

called Upputeru. Fertilizers, pesticides and their residues 

from agriculture activities; antibiotics, nutrients and fish feed 

residues from aquaculture practices; effluents (inorganics, 

organics and metals) and wastewater from industrial 

establishments and domestic wastes and sewage from 

adjoining towns such as Eluru, Gudivada and Vijayawada in 

the catchment area reach the lake in unabated manner turning 

almost the entire water body into a highly polluted environ 

pathetically [6]. Fish tank discharges containing high organic 

load, chemical fertilizers, pesticides and residual feeds also 

reach the lake.  In order to enhance plankton production in 

fish farms, hundreds of tonnes of phosphate, nitrate, farmyard 

manure, etc. are put to the tanks.  Of this, fertilizer application 

alone was put at 1200 metric tonnes per year.  Usage of such 

huge amounts of inorganic/ organic chemical supplements 

leads to accumulation, especially of phosphates in the soil 

because of their high affinity to bind with soil. This in turn 

leads to algal proliferation and subsequent eutrophication 

further to enormous multiplication of bacteria that play a 
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crucial role in decomposing organic matter. All this leads to 

rapid consumption of DO making the inlet waters deficient of 

the vital life gas essential to all aquatic life. 

The surrounding areas of Kolleru Lake form a conducive 

environment for aquatic life. The lake area was free from 

aquaculture pollution prior to 1970’s [7] reported that Kolleru 

Lake is vanishing through large scale encroachment of illegal 

fishponds, and there was no trace of clear water in the lake as 

per 2001 land use classification. The Government of Andhra 

Pradesh has taken up ―Operation Kolleru‖ in 2006 to protect 

the lake ecosystem and its functions and services, by 

dismantling the fishponds across this region. The land use 

maps showing the status of Kolleru Lake below 1.52 m contur 

level in 2018 was documented [8] and are shown in Fig 1 & 2. 

  

 
Fig. 1 Location of Kolleru lake [8] 

 

 
Fig. 2 Geographical map of Kolleru Lake [8] 

 

The total area under aquaculture in Andhra Pradesh is 1.96 

lakh ha. (Includes Brackish Water area of 0.58 lakh ha and 

fresh water area of 1.38 lakh ha.). The Govt., of Andhra 

Pradesh has identified the fisheries as one of the growth 

engine under primary sector mission for achieving double 

digit inclusive growth. The A.P. Fisheries Policy, 2015 

envisages to achieve the fish production from 27.66 lakh 

tonnes (2016-2017) to 42 lakh tonnes with a (Gross Value 

Added) GVA of Rs. 80,000 crore by 2019-20. [9]. West 

Godavari District is a hub of all aquaculture activities in 

Andhra Pradesh. The region contributes as much as 60% of 

the fish production from the State. The major aqua products 

in the region are fish and shrimp. The total fish production in 

the district was 10, 51,754 tons with GVA Rs 10088 crores 

for the year 2017-18. However there is a paradigm shift from 

capture to culture fisheries with the onset of several man 

made technologies. The aqua culture activity in the following 

6 mandals of West Godavari District, AP, India are identified 

to have direct impact on the Kolleru Lake as these are located 

in the catchment and in close proximity to the Kolleru Lake 

[10]. 

 

Table – 1 Extent of Aqua culture in Kolleru Lake 

catchment mandals in West Godavari District, AP, India. 

Sl. 

No 

Name of 

the Mandal 

Saline 

water aqua 

culture 

with 

salinity 

>0.5 ppt 

(acres) 

Fresh water 

aqua culture 

with salinity 

<0.5 ppt 

(acres) 

Total 

(acres) 

1. Bhimadole  86.25 4131.35 4217.61 

2. Nidamarru  1415.73 4276.69 5692.42 

3. Pedapadu  0.00 4557.93 4557.926 

4. Eluru  321.00 5077.71 5398.71 

5. Denduluru 0.00 2246:41 2246.41 

6. Unguturu 0.00 2237.90 2237.9 

 Total 1822.98 20375.19 24350.98 

Source - Fisheries Department, West Godavari District.[10] 

 

Availability of water with salinity < 0.5 ppt is conducive 

only for fish culture than the shrimp culture hence fish culture 

is predominant in the above area. The wastewater discharges 

from the fish ponds in this area containing moderate pollution 

load reach Kolleru lake through inlet drains with in short time 

owing to close proximity to the lake and have direct impact 

on the lake water quality as there is no adequate time of travel 

for the stream/ drain for its self-purification. 

Global interest in simple, safe, cost effective, sustainable 

green technologies has lead to the gradual development and 

refinement of Constructed Wetland (CW) or artificial 

wetland systems for wastewater remediation [11, 12]. Since 

the 1990s, domestic and industrial waste streams were treated 

using constructed wetland systems which includes runoff 

waters from agriculture, fish and animal farms, wastewaters 

from tannery, pulp and paper, textile industry, etc., [13 -17]. 

A study stated that the nutrient values are found in excess 

concentrations from sewage, industrial discharges, and 

agricultural runoff and aquaculture practices released into 

water bodies [18]. The intensive/semi intensive fish culture 

can release wastewater rich in nitrogen, phosphorus and 

Biochemical Oxygen Demand (BOD), suspended particles. In 

many developed countries conventional wastewater treatment 

technologies are implemented for the aquaculture wastewater 

treatment [19-20] but due to the high cost and huge power 

requirement of these technologies, many developing 

countries are focusing to construct low cost and less 

maintenance wastewater treatment technologies [21]. Thus, 

constructed wetlands (CWs) can be an economical and 

sustainable option for treatment of aquaculture wastewater in 

terms of low-cost, eco-friendly, and almost effective 

efficiency in wastewater treatment over the conventional 

treatment methods. 

In view of this, the present study is carried out on the 
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treatment of wastewater collected from fish ponds discharges 

which are released into Kolleru Lake through different drains 

deteriorating its water quality. By considering the treatment 

of wastewater joining into the lake water at the source i.e., 

fish pond discharge wastewaters were collected and an 

experimental study was carried out to reduce the 

concentrations of physico chemical parameters by treating in

a Baffle Wall Constructed Wetland (BWCW) using two 

different macrophytes, Eichhornia crassipes and emergent 

reed, namely, Typha angustata. These aquatic plants are 

native, grow in water as emergent, submerged and free 

floating and are used for treatment of waste water because of 

their more rapid biomass production, capability of higher 

uptake of elements for their growth [22, 23].  

II. MATERIALS AND METHODS 

A. Study area and Site Selection Criteria 

Kolleru Lake basin is classified as semi-arid climate zone 

with normal annual rainfall being 715 mm. The 

anthropogenic sources are deteriorating the quality of water 

in the lake area [24]. Among the major inlet drains 

Tammileru drain is the 2nd highest contributor of water input 

into Kolleru Lake. Tammileru drain originates from 

Khammam District in Telangana State, India and upper 

stretches of West Godavari District, AP, India having a 

catchment area of 523 sq miles and with a peak discharge of 

28,330 cusecs during flood. The drain bifurcates into East 

Tammileru and West Tammileru before Eluru City, traverses 

Eluru city and further flows downstream to join Kolleru Lake 

through Eluru Mandal. The Villages on the banks of 

Tammileru before confluence into Kolleru Lake in Eluru 

Mandal of West Godavari District were selected as the study 

area as there are many aquaculture ponds existing in this area 

and this area is in the immediate catchment of Kolleru Lake 

where aqua culture is predominant and is taken up in an 

extent of 5398.71 acres [10]. Due to availability of water with 

salinity < 0.5 ppt, fish culture is practiced in most of the aqua 

culture ponds in the area to culture two major species Labeo 

rohita and Catla catla along with Cirrhinus Mrigala. Sample 

collection was taken up in four seasons from the fish ponds 

discharging wastewater into the sub-drains of inlet drains of 

Kolleru Lake after the harvest of the fish in the study area.  

B. Method of sampling 

Usually the fish ponds, after 2 cycles of harvest, pump out 

the pond water. Most of the ponds discharge 20-25% of the 

pond water after the first harvest and refill the fresh water into 

the pond for taking up culture for the second season. All the 

ponds empty the entire pond after 2 or 3 harvests from the 

same pond and discharge into drains before starting the 

culture again. In the process of discharges, all the ponds use 

pumps to discharges pond water into the drain. The pond 

water being discharged into the drains was collected in four 

HDPE (High Density Poly Ethylene) drums of each 200 liters 

capacity each for the experiments in pilot plant i.e., Baffle 

Wall Constructed Wetland (BWCW). It was ensured that the 

time gap between the sample collection and the application in 

the BWCW is not exceeding 8-10 hours. However DO was 

fixed in situ for accuracy of analysis.  

C. Sampling frequency and analysis 

As per the designed plan of action, sampling for a period of 

one year covering all the four seasons was taken up. Samples 

were collected for six days in each season starting from 

December, 2018 in the following months in each season. 

Winter (December, 2018 to January, 2019), Summer (March, 

2019 to April, 2019), Pre-monsoon (May, 2019 to June, 2019) 

and Post-Monsoon (October, 2019 to November, 2019). 

Water samples were collected, fixed up suitably (or preserved 

as desired) following standard procedures [25] and analyzed 

for pH, EC BOD, COD, TDS, TSS, Nitrates and Phosphates 

in M/s. SV Enviro Labs, Visakhapatnam which is a NABL 

accredited laboratory on subsequent return from the field. 

D. Baffle Wall Constructed Wetland (BWCW) 

A free water surface flow type Baffle Wall Constructed 

Wetland (BWCW) was fabricated for treating the discharges 

collected from fish ponds. The BWCW was divided into two 

different units. Both the Units are packed with native benthic 

soil brought from the drain and then planted with two 

categories of macrophytes, viz., floating weed, namely, 

Echhornia crassipes  in Unit I and emergent reed, namely, 

Typha angustata in Unit II which are native to the drain. The 

constructed wet land is designed with Baffle Walls to 

overcome the deficiencies identified in the earlier studies like 

short circuiting, creation of anaerobic zones and Mosquito 

menace. The constructed wetland was designed for a 

Hydraulic Retention Time (HRT) 18 hours based on optimum 

treatment arrived by trail and error method and to enhance the 

efficiency of sedimentation six vertical baffle walls were 

provided in each Unit of BWCW as shown in Fig 3. 

 

 
a 
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Fig 3. Baffle Wall Constructed Wet Land (BWCW) (a. Top 

view and C/S view, b. working model) 

Wastewater from the fish ponds is taken into the storage 

tank and feeding to the BWCW was controlled through 

valves to maintain 18 hours HRT. The bed was initially 

saturated with drain water and then the flow rate was 

regulated to attain a constant water column over the bed and 

flow between baffle walls leaving air layer (free board) above 

it within the cell. The BWCW is open to sky directly 

receiving sunlight, wind and slight precipitation. The 

experiment was carried out in four different seasons of a year 

i.e., winter, summer pre-monsoon and post-monsoon. The 

untreated water samples from the inlet and treated samples 

from the outlet of BWCW were collected respectively for 45 

days intermittently at regular intervals in four different 

seasons of the year and analyzed for the physico chemical 

parameters i.e., pH, Electrical Conductivity (EC), Total 

Dissolved Solids (TDS), Total Suspended Solids (TSS), 

Bio-chemical Oxygen Demand (BOD), Chemical Oxygen 

Demand (COD), Nitrates and Phosphates which were 

identified for the current study. 

III. RESULTS AND STATISTICAL ANALYSIS 

The data analysis of the concentrations of the considered 

parameters in the fish pond discharge wastewater which is 

used as inlet for both the units of the free flow Baffle Wall 

constructed wetland i.e., the unit-I with (Eichhornia 

crasspics) and unit II with (Typha angustata) is presented in 

Table 2. 

 

Table 2: Wastewater samples collected from fish pond discharges (Inlets of Unit I and II of BWCW) during different 

seasons. 

Parameters Winter Summer Pre monsoon Post monsoon 

pH 
8.24±0.37 * 

(8.66 - 7.72) ** 

8.31±0.18  

(8.56 - 8.06)  

7.67±0.10  

(7.82 - 7.56)  

7.99±0.54 

(8.66 - 7.38)  

EC 
2991.67±348.33  

(3808.52 - 2518.24)  

3120.16±580.17  

(3898.46 - 2132.38)  

3325.19±427.78  

(3804.68 - 2662.45)  

3091.97±729.34  

(4028.58 - 2239.42)  

TDS 
1935.40±399.25  

(2525.12 - 1510.96)  

2070.23±393.88  

(2863.44 - 1582.48)  

2154.51±354.39  

(2606.86 - 1650.72)  

1991.95±381.39  

(2684.34 - 1574.44)  

TSS 
88.42±26.67  

(126.36 - 52.32)  

63.02±38.39  

(118.72 - 32.42)  

77.85±28.40  

(118.88 - 48.14)  

52.70±7.75  

(64.48 - 42.04)  

BOD 
27.51±8.68  

(38.86 - 12.68)  

23.68±9.56  

(40.24 - 12.32)  

25.90±11.87  

(44.88 - 9.02)  

18.93±8.25  

(28.72 - 8.28)  

COD 
80.52±28.55  

(120.92 - 50.16)  

71.83±23.99  

(144.94 - 45.36)  

75.97±26.68  

(108.22 - 32.12)  

63.33±17.51  

(88.38 - 40.42)  

Nitrates 
2.94±1.33  

(4.68 - 1.42)  

4.03±2.05  

(6.78 - 2.24)  

3.63±1.73  

(5.28 - 1.34)  

2.74±0.66  

(3.68 - 1.86)  

Phosphates 
1.86±0.67 

(2.84 - 1.04)  

2.27±0.81  

(3.26 - 1.36)  

1.68±0.71 

(2.66 - 0.94)  

1.90±0.92  

(3.08 - 0.84)  

* Values in the table are corresponding to mean values; ±, standard deviations 

** Values given in the parenthesis are maximum and minimum values of respective parameters. 
 

pH - Potentio hydrogen, EC - Electrical conductivity (mho/cm), TDS - Total dissolved solids (mg/l), TSS - Total 
suspended solids (mg/l),  BOD - Biochemical Oxygen Demand (mg/l), COD - Chemical Oxygen Demand (mg/l), 
NO3- - Nitrates (mg/l), PO4-3 - Phosphates(mg/l). 

 

The concentrations of the analyzed parameters in the inlet 

of BWCW are ranging from pH 8.6-7.38, Electrical 

conductivity (EC) 4028.58-2132.38 mho/cm, Total 

Dissolved Solids (TDS) 2863.44-1510.96 mg/l, Total 

Suspended Solids (TSS) 126.36-32.42 mg/l, BOD 44.88-8.28 

mg/l, COD, 144.94-32.12 mg/l, Nitrates 6.78-1.34 mg/l, 

Phosphates 3.26-0.84 mg/l. 

The value of pH of the sample is within the limit prescribed 

in inland surface water quality discharge standards (5.5-9.0). 

EC was observed to be high in all the seasons as reported 

similarly [26] which indicates higher availability of nutrients 

in the effluents due to which EC also increases. The TDS 

concentrations are above the limit prescribed in the inland 

surface water quality discharge standards (2100 mg/l) in most 

of the samples. TSS values are also above the limits 

prescribed for Inland surface water quality discharge 

standards (100 mg/l) [27] evaluated in his research that 

suspension of solids present in the discharges from bottom of 

a fish pond  increases the concentration of BOD, COD and 

TSS. Though BOD levels are within the limits prescribed for 

Inland surface water quality discharge standards (30 mg/l) in 

most of the samples, however the BOD levels in the 

b 
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discharges would increase the BOD level in the receiving 

drain which might exceed the prescribed limit of 3 mg/l as per 

the stream/river water quality criteria prescribed by CPCB. 

High value of BOD in all the samples could be attributed to 

the presence of organic matter in the aqua culture discharges. 

Similar results were observed by [28]. A studyobserved 

higher values of BOD during monsoon due to input of 

organic wastes and enhanced bacterial activity in certain 

freshwater ecosystem of Santal Pargana, (Jharkhand) [29]. 

Comparing the concentrations of COD in the samples in the 

different seasons, maximum concentrations are observed 

during winter and minimum during post-monsoon season. 

The nitrates concentration are within the limit of 10.0 mg/l 

which is permissible limits of inland surface water quality 

discharge standards and the concentrations of phosphates also 

within limit prescribed. But a research found that presence of 

nitrates in the fish pond water is related to the nitrification and 

denitrification processes [27]. The increase in concentration 

of nutrients in the water because of fish excretion and feed 

leftovers in huge volumes found due to high cultivation 

densities and daily use of rations in the same fish pond [30]. 

In previous studies it was also observed that the phosphates 

concentrations ranged from 0.01 to 0.07 mg/l in medium size 

fish ponds [27]. In one context of their study found that the 

water volume is not much big and the amount of organic 

matter present in the sediment causes great changes in the 

nitrates and phosphates concentrations. Even this small 

concentrations of phosphates mixes with other agricultural 

wastes may affect the fresh water bodies by contributing to 

eutrophication activities enriching phosphate in the lake [31]. 

Studies stating that aquaculture wastewater is highly rich in 

suspended solids, nutrients are having such an adverse effects 

on the environment that they cannot release directly into fresh 

water bodies without treatment [32-34]. By evaluating 

various parameters in the above fish pond wastewater 

discharge samples it is observed that the parameters TDS and 

BOD are exceeding the permissible limits of inland surface 

water quality standards. Hence require treatment for 

reduction of concentration of various parameters to maintain 

the receiving water bodies within the limits of River water 

quality criteria prescribed by CPCB. 

The data analysis of the concentrations of the considered 

parameters after treatment in both the units of the free flow 

Baffle Wall constructed wetland i.e., the Unit I with 

(Eichhornia crasspics) and Unit II with (Typha angustata) 

are  presented in Table 3 and Table 4 respectively. 

The concentration of the analyzed parameters in the outlet 

of Unit 1 (Eichhornia crasspics) BWCW are ranging from 

pH 8.22-6.86, Electrical conductivity (EC) 2543.33-1223.56 

mho/cm, Total Dissolved Solids (TDS) 1632.74-872.58 

mg/l, Total Suspended Solids (TSS) 60.80-12.20 mg/l, BOD 

16.87-3.00 mg/l, COD 56.45-11.64 mg/l, Nitrates 2.94-0.59 

mg/l, Phosphates 1.55-0.41 mg/l. 

Table 3: Treated fish ponds water samples collected at outlet of Unit 1 (Eichhornia crasspics) in BWCW during 

different seasons  

Parameters Winter Summer Pre monsoon Post monsoon 

pH 
7.81±0.33* 

(8.22 - 7.37) ** 

7.36±0.16  

(7.48 - 7.07)  

7.21±0.05  

(7.21 - 6.86)  

7.65±0.32  

(8.01 - 7.26)  

EC 
1983.02±222.72  

(2543.33 - 1722.98)  

1845.82±318.91  

(2180.80 - 1223.56)  

2038.80±309.69  

(2345.97 - 1526.12)  

1964.77±397.95  

(2421.98 - 1477.12)  

TDS 
1238.31±249.40  

(1632.74 - 989.07)  

1182.34±202.91  

(1543.97 - 872.58)  

1286.85±235.84  

(1555.25 - 925.72)  

1236.00±194.75  

(1580.54 - 1017.72)  

TSS 
42.27±12.19  

(60.80 - 26.25)  

24.32±13.69  

(41.94 - 12.20)  

35.01±13.22  

(53.54 - 19.80)  

24.61±2.57  

(27.93 - 20.50)  

BOD 
11.20±3.49  

(16.54 - 5.61)  

7.83±2.97  

(12.44 - 3.93)  

9.69±4.63  

(16.87 - 3.00)  

7.30±2.95  

(10.18 - 3.41)  

COD 
36.82±12.70 

(56.45 - 24.16)  

26.66±8.13  

(49.16 - 15.94)  

30.92±11.59  

(44.02 - 11.64)  

26.58±6.18  

(33.97 - 18.09)  

Nitrates 
1.52±0.68  

(2.46 - 0.76)  

1.80±0.86 

(2.94 - 0.98)  

1.74±0.85  

(2.54 - 0.59)  

1.36±0.28  

(1.70 - 0.93)  

Phosphates 
1.00±0.35  

(1.55 - 0.59)  

1.02±0.34  

(1.40 - 0.59)  

0.80±0.36  

(1.27 - 0.41)  

0.94±0.45  

(1.47 - 0.44)  

* Values in the table are corresponding to mean values; ± standard deviations 

** Values given in the parenthesis are maximum and minimum values of respective parameters. 

pH - Potential of hydrogen, EC - Electrical conductivity (mho/cm), TDS - Total dissolved solids (mg/l), TSS - 

Total suspended solids (mg/l),  BOD - Biochemical Oxygen Demand (mg/l), COD - Chemical Oxygen Demand 

(mg/l), NO3
- - Nitrates (mg/l), PO4

-3 - Phosphates(mg/l). 
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Table 4 Treated fish ponds water samples collected at outlet of Unit 2 (Typha angustata) in BWCW during different 

seasons  

Parameters Winter Summer Pre monsoon Post monsoon 

pH 
7.95±0.31* 

(8.43 - 7.58) ** 

7.66±0.14 

(7.78 - 7.42) 

7.33±0.14 

(7.52 - 7.15) 

7.71±0.48 

(8.29 - 7.15) 

EC 
1883.18±204.22 

(2424.50 - 1656.50) 

1796.77±311.94 

(2095.81 - 1186.46) 

1977.52±284.34 

(2333.03 - 1543.69) 

1919.49±458.59 

(2440.51 - 1337.82) 

TDS 
1182.21±237.30 

(1557.49 - 958.86) 

1146.69±191.25 

(1483.26 - 853.27) 

1250.75±231.51 

(1510.42 - 900.63) 

1198.53±188.96 

(1534.37 - 988.12) 

TSS 
44.01±12.63 

(63.58 - 27.61) 

27.04±15.46 

(47.44 - 13.55) 

36.32±13.51 

(55.23 - 20.59) 

25.53±2.67 

(29.00 - 21.43) 

BOD 
11.77±3.57 

(16.97 - 5.80) 

8.60±3.28 

(13.36 - 4.21) 

10.25±4.70 

(17.40 - 3.16) 

7.98±3.48 

(11.65 - 3.19) 

COD 
37.62±12.71 

(57.00 - 24.85) 

28.34±8.58 

(51.89 - 17.20) 

33.06±12.25 

(47.21 - 12.67) 

28.07±7.67 

(37.58 - 16.52) 

Nitrates 
1.37±0.60 

(2.21 - 0.69) 

1.65±0.78 

(2.72 - 0.89) 

1.61±0.79 

(2.35 - 0.54) 

1.21±0.29 

(1.57 - 0.86) 

Phosphates 
0.91±0.32 

(1.40 - 0.54) 

0.98±0.33 

(1.35 - 0.57) 

0.78±0.35 

(1.24 - 0.40) 

0.89±0.44 

(1.40 - 0.41) 

* Values in the table are corresponding to mean values; ±, standard deviations 

** Values given in the parenthesis are maximum and minimum values of respective parameters. 

pH – Potential of hydrogen, EC - Electrical conductivity (mho/cm), TDS - Total dissolved solids (mg/l), 
TSS - Total suspended solids (mg/l),  BOD - Biochemical Oxygen Demand (mg/l), COD - Chemical Oxygen 
Demand (mg/l), NO3- - Nitrates (mg/l), PO4-3 - Phosphates(mg/l). 

 

The concentration of the analyzed parameters in the outlet 

of Unit II (Typha angustata) of the BWCW are ranging from 

pH 8.43-7.15, Electrical conductivity (EC) 2440.51-1186.46 

mho/cm2, Total Dissolved Solids (TDS) 1557.49-853.27 

mg/l, Total Suspended Solids (TSS) 63.58-13.55 mg/l, BOD 

17.4-3.16 mg/l, COD 57.00-12.67 mg/l, Nitrates 2.72-0.54 

mg/l, Phosphates 1.40-0.40 mg/l. 

The concentrations in the treated wastewater in outlet 

samples of Unit I and Unit II of BWCW are observed that pH 

is almost nearly 7.5 or neutral. Similar results were observed 

by [35-37] and it was also discussed that rise of pH to neutral 

condition is basically attributed to the biochemical processes. 

Plants can absorb anions such as nitrates and phosphates for 

their growth and, eventually, the reduction of acid forming 

anions increase the pH in wastewater. Similarly, Electrical 

Conductivity, TDS, TSS, BOD, COD, Nitrates and 

Phosphates concentration is observed to be reduced in all 

outlet samples of wastewater than the inlet samples in all the 

Units and seasons.   

Similar results are reported by some of earlier studies [38] 

stated that in the study of constructed wetland with 

macrophytes, the EC may reduce due to utilization of soluble 

degraded product by the macrophytes. Suspended matter is 

removed primarily through the mechanism of interception, 

sedimentation, aggregation and settling [39]. Floating plants 

such Eichhornia crassipes lower the water velocities and 

increase the adsorption by biofilms over their root systems to 

further enhance the above processes very effectively [38, 

40-42]. The organic load in constructed wetlands is assumed 

to be removed by the inclusive actions of microorganisms 

present in the underneath aerobic and anaerobic pockets, 

plants roots, rhizomes and cell bed, hence the reduction in 

BOD takes place [43-45]. COD removal processes in 

constructed wetlands was reported to be by volatization, 

photochemical ordination, sedimentation, sorption and 

biodegradation [46], also it was recognized that floating 

plants in constructed wetlands improve removal rates of COD 

and TSS to a considerable extent [47]. Constructed wetlands 

attributed higher nutrient removal simultaneous nitrification 

and denitrification processes [48]. Phosphate removal in 

constructed wetlands is mainly due to its adsorption by soil as 

the same is capable of adsorbing both cations and anions [49]. 

In slow flowing waters, while particulate phosphate settles 

and remains in bed material, soluble phosphorous is taken up 

onto media, biofilms and detritus through precipitation, 

complexation and assimilation by microbial and plant 

biomass [50]. 

IV. REMOVAL EFFICIENCY OF BWCW 

The removal efficiency of the considered parameters 

treated in BWCW was calculated using the following 

method.  

Physico-chemical removal efficiency of BWCW in the 

case of each monitored variable was calculated from their 

quantitative difference in water at the inlet and outlet and 

expressed as  

Elemental removal efficiency in % by the BWCW  

= [(Ei–Eo)/Ei] x 100  

Ei= Element concentration in inlet water  

Eo= Element concentration in outlet water  

The data analysis of the removal efficiency of the 

considered parameters after treatment in both the units of the 

free flow Baffle Wall Constructed Wetland i.e., the Unit I 

with (Eichhornia crasspics) and Unit II with (Typha 

angustata) are presented in Table 5 and Table 6 respectively. 
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Table 5 Efficiency (%) of BWCW in treating fish pond water samples at Unit 1 (Eichhornia crasspics) in BWCW 

during different seasons 

Seasons Winter Summer Pre-monsoon Post monsoon 

pH 
5.27±0.88* 

(6.31-4.02)** 

11.38±1.13 

(12.66-9.84) 

5.95±1.39 

(7.67-4.23) 

4.12±2.85 

(7.51-0.80) 

EC 
33.64±2.62 

(37.56-30.26) 

40.73±2.21 

(44.06-38.34) 

38.85±2.30 

(42.68-36.72) 

36.05±2.30 

(39.88-33.92) 

TDS 
35.93±1.89 

(38.84-33.86) 

42.73±2.38 

(46.08-40.02) 

40.43±2.27 

(43.92-37.94) 

37.63±2.27 

(41.12-35.14) 

TSS 
51.93±2.25 

(55.44-49.40) 

60.64±2.64 

(64.84-57.84) 

55.25±2.29 

(58.88-52.66) 

53.05±2.29 

(56.68-50.46) 

BOD 
57.93±2.36 

(61.52-55.58) 

66.70±2.17 

(70.22-64.36) 

63.06±2.25 

(66.76-61.04) 

60.86±2.25 

(64.56-58.84) 

COD 
54.00±2.40 

(57.88-51.42) 

62.64±2.38 

(66.08-60.22) 

59.78±2.50 

(63.76-57.28) 

57.58±2.50 

(61.56-55.08) 

Nitrates 
47.94±2.44 

(52.04-45.28) 

54.84±2.08 

(58.06-52.64) 

52.43±2.45 

(55.94-49.84) 

50.23±2.45 

(53.74-47.64) 

Phosphates 
45.78±2.33 

(49.44-43.04) 

54.58±2.69 

(58.84-52.08) 

52.74±2.60 

(56.84-50.12) 

50.69±2.42 

(54.64-48.08) 

* Values in the table are corresponding to mean values; ± standard deviations 

** Values given in the parenthesis are maximum and minimum values of respective parameters. 

 

It is established from the above results that treatment of 

fish pond discharge wastewater in the unit-I (Eichhornia 

crasspics) of the free flow Baffle Wall constructed wetland 

could achieve the reduction efficiencies ranging from 30.26% 

- 44.06% for Electrical conductivity (EC), 33.86% - 46.08% 

for Total Dissolved Solids (TDS), 49.40% - 64.84% for Total 

Suspended Solids (TSS), 55.58% - 70.22% for BOD, 51.42% 

– 66.08% for COD, 45.28% – 58.06% for Nitrates, 43.04% - 

58.84% for Phosphates in reduction of the inlet concentration 

to treated water concentrations in. The removal efficiency 

was highest in summer and least in winter season. 

 

 

Table 6 Efficiency (%) of BWCW in treating fish pond water samples at Unit 2 (Typha angustata) in BWCW during 

different seasons. 

Seasons Winter Summer Pre-monsoon Post monsoon 

pH 
3.51±2.02* 

(5.70-0.54)** 

7.76±0.77 

(9.18-7.08) 

4.33±1.41 

(6.56-2.84) 

3.45±1.01 

(4.39-2.02) 

EC 
36.95±2.42 

(40.68-34.22) 

42.30±2.50 

(46.24-40.20) 

40.47±4.66 

(48.88-36.42) 

37.87±4.66 

(46.28-33.82) 

TDS 
38.80±2.45  

(42.84-36.34) 

44.42±2.44 

(48.20-42.02) 

42.12±1.99 

(45.44-39.84) 

39.52±1.99 

(42.84-37.24) 

TSS 
49.91±2.53 

(53.76-47.22) 

56.43±2.25 

(60.04-54.36) 

53.50±2.42 

(57.22-50.66) 

51.30±2.42 

(55.02-48.46) 

BOD 
56.88±2.51 

(61.06-54.2) 

63.54±2.54 

(67.24-61.36) 

60.71±2.38 

(64.98-58.62) 

58.00±2.17 

(61.44-55.84) 

COD 
52.92±2.32 

(56.62-50.4) 

60.25±2.46 

(64.20-58.24) 

56.90±2.31 

(60.54-54.38) 

55.71±2.28 

(59.14-53.20) 

Nitrates 
53.12±2.18 

(56.32-50.6) 

58.43±2.59 

(62.64-56.14) 

56.10±2.25 

(59.78-53.74) 

55.95±2.15 

(59.36-53.82) 

Phosphates 
50.86±2.56 

(55.04-48.3) 

56.53±2.3 

(60.38-54.64) 

53.74±2.60 

(57.84-51.12) 

53.49±2.51 

(57.48-50.44) 

* Values in the table are corresponding to mean values; ±, standard deviations 

** Values given in the parenthesis are maximum and minimum values of respective parameters. 

 

The unit II (Typha angustata) of the free flow Baffle Wall 

constructed wetland could achieve the reduction efficiencies 

ranging from 33.82% - 48.88% for Electrical conductivity 

(EC), 36.34% - 48.20% for Total Dissolved Solids (TDS), 

47.22% - 60.04% for Total Suspended Solids (TSS), 54.24% 

- 67.24% for BOD, 50.46% – 64.2% for COD, 50.62% – 

62.64% for Nitrates, 48.32% - 60.38% for Phosphates in 

reduction of the inlet concentration to treated water 

concentrations. The removal efficiency was highest in 

summer and least in winter season. 

The removal efficiency in unit II with (Typha angustata) is 

observed to be better for the parameters EC, TDS, Nitrates 

and Phosphates. However the removal efficiency in Unit I 
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with (Eichhornia crasspics) is observed to be better for the 

parameters TSS, BOD and COD. 

The present study from BWCW revealed that pollutant 

removal efficiencies of the parameters pH, Nitrates and 

Phosphates are comparable and similar with the study results 

of [51]. TSS reductions is to a great extent related to higher 

bacterial diversity and density in cells with 50% [52]. The 

studies [39] on free surface flow constructed wetlands 

concluded that >70% removal efficiencies for TSS, COD and 

BOD achieved. A positive correlation was noticed between 

wastewater retention time and removal rates between the 

results from the current BWCW study and the study carried 

out by [53, 54]. Eichhornia crassipes has a high removal 

efficiency for the physico chemical parameters as also 

observed by during their batch experiments using 

laboratory-scale non-aerated hydroponic bio-filtration system 

[55]. The current study established higher removal 

efficiencies for the parameters TDS, TSS, BOD, COD, 

Nitrates and Phosphates during summer followed by 

Pre-monsoon, Post-monsoon and Winter season which may 

be due to the increase in the bacterial growth, decomposition 

activities with increase in temperatures which was also 

established similarly by [56]. 

V. CONCLUSION  

The study established that fish pond wastewater discharges 

can be effectively treated using Free Flow Baffle Wall 

Constructed Wetland which does not require skilled labor, 

high power requirement, and it is Eco-friendly and a 

sustainable green technology. The establishment cost and 

operational and maintenance costs are very low making it a 

cost effective treatment option and can reduce the pollution 

load entering the Kolleru Lake by around 50%. 
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