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The quality of groundwater (GW) depends on its surrounding environment,
such as population, drains, ponds, and industries. This study evaluated the
improvement of wastewater (WW) quality due to the wetland and ponds in the
Amanaka, Raipur region of Chhattisgarh, India, and their impact on GW.
Water samples were taken at four different locations to measure
physicochemical parameters: pH, electrical conductivity (EC), total dissolved
solids (TDS), hardness, dissolved oxygen (DO), biochemical oxygen demand
(BODs), chemical oxygen demand (COD), total Kjeldahl nitrogen (TKN),
nitrate nitrogen (NN), and total phosphorus (TP). The removal efficiency (RE)
obtained through the wetland was 50.0% for BODs, 87.9% for COD, 71.4% for
TKN, 87.2% for NN, and 56.5% for TP from the influent. The obtained RE from
the wetland to the pond was 72.6% for BODs, 40.0% for COD, and 89.6% for
TP during the pre-monsoon. According to the findings, GW quality was good,
even though ponds, wetlands, and some small-scale industries surround it. The
government should also monitor landfills, home garbage, and agricultural
activities for sustained GW quality. All borewell water is drinkable.

1. Introduction

lack of water supplies, and poor GW quality [2].
Freshwater issues plague many nations worldwide,

Around the world, 663 million people, mostly in
developing countries, rely on contaminated or
dangerous water for drinking and cooking [1].
Over-exploitation of GW by the introduction of
saline water, diminishing stream flow, and the
drying up of wetlands and springs has lowered its
quality. In India, excessive GW
consumption has led to decreased water levels, a
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and India is no exception. As per the Central
Pollution Control Board's current information, India
produces about 72,368 MLD of municipal
wastewater nationwide, of which about 40,527
MLD is discharged directly into surface water
bodies [1]. It has resulted in a decline in aquatic life
and surface water quality, a hazard to human
health and the environment, and the emergence of
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serious waterborne illnesses. Environmental
conditions and microphytes affect the solids
(suspended and dissolved), bacteria, organic
matter (BODs and COD), nutrients, and heavy
metals from WW [3-6]. In this case study, nature-
based treatment processes are most effective. Soil
adsorption and  plant  uptake, chemical
precipitation, anaerobic or aerobic microbial
growth, decomposition activity, and sunlight are
some examples of natural removal mechanisms
[3,6]. In India, Raipur Chhattisgarh is a city of
ponds. Raipur is the capital of Chhattisgarh. In
2023, Raipur city is expected to have 1,392,000
residents, and 12,383 sq-km is the total area of the
district

https://www.indiagrowing.com/Chhattisgarh/Rai
pur_District) . Water features are a crucial part of a
smart city. The value of green spaces, wetlands,
ponds, various water bodies, and uncluttered
regions is well acknowledged, as Raipur has
developed into a megacity over the past few
decades. The combination of natural wetlands and
ponds makes for good groundwater quality [7].
Much study has been done on the various ponds in
the Raipur area [8-10]. Wetland water resources
are heavily used for irrigation, fisheries, industrial
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Fig. 1. Location plan of study area.

water, agricultural cultivation, and other purposes
[11,19]. Environmental impact assessment is crucial
for recognizing, anticipating, and reducing the
many  environmental effects. = Wastewater
comprises organic materials from human
excrement, food waste, kitchen scraps, soaps, and
detergents. Wetlands can remove ammonia,
phosphorus, and nitrogen from WW [12-15].
However, to the best of our knowledge, research
has yet to be done on the impact of long-term
functioning wetlands and ponds on GW. The study
will offer a thorough understanding of the
physicochemical properties and associated effects
in the groundwater of ponds and wetland areas.

2. Study area

This permanent wetland was created when
residential and sewage effluent from the townships
of Amanaka, Kota, and Raipur City was pooled in
one location. The study area’s rear side is on the
Great Eastern Road- Howrah major rail route, with
the total population of Raipur reported to be
40,63,872 [16]. Geographically, it is located
between the latitudes of 12°15'N and 12°35'N and

the longitudes of 37°10°'E and 37°25'E (Figure 1).
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The wetland's unique hydrochemical and
geochemical characteristics, which are brought
about by the sewage it receives, make it an
important bird area (IBA) [17,18]. Nonetheless, this
wetland is maintained by an abundance of aquatic
vegetation: Typha latifolia, an ever-dominant
marsh species; Eichhornia crassipes, a free-floating
species; and Canna indica and Ipomoea aquatica
roots, submerged floating species. Figure 2 shows
the level of water between the wetland and the
pond. A huge variety of permanent and migratory
species, including egrets, moorhens, pond herons,

great egrets, common cormorants, pheasant-

tailed and bronze-winged jacana, etc., call the
marsh home. The study area was divided into two
watersheds, the wetland and the pond.

Fig. 2. Site view of watersheds (wetland and pond).
2.1. Source of pollution

The study area is densely populated and uses septic
tanks and sock pits for sewage management. Some

narrow roads exist, and no garbage or sewage
management exits, although waste collection
(door-to-door) arrangements are available. The
major source of sewage is greywater, and sewage
WW comes from houses in the study area. One
main drain from the city is available in the study
area, and WW is available all the time in the study
area (Figure 2).

3. Materials and methods
3.1. Sampling and Sampling Locations

As per Figure 3, ten water samples (surface water)
were collected into 1000 ml sample collection
bottles (HDPE) from ten different locations of
influents (In1, In 2), Pond (P1, P2, P3), Wetland (W1,
W2) and borewell (B1, B2, B3) during the pre-
monsoon season in June 2021. All post-monsoon
samples were collected in July 2023. The bottles
were scrubbed and sanitized with a detergent
solution before being rinsed with deionized water,
dried, and used to collect the water samples.
Following sample collection, the bottles were
immediately closed and clearly labeled [19]. The
samples were then immediately taken to the lab to
be measured and analyzed for water quality
parameters. Figure 3 shows the direction of flow
and the location of the sampling points.

Fig. 3. Direction of the flow and location of the sample.
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3.2. Sample analysis, instrumental techniques, and
data collection

All water analysis was done in the Environmental
Engineering Lab, Department of Civil Engineering,
NIT Raipur. After taking the samples to the lab, the
condition and quality of the water across the
Amanaka wetland and pond system were
examined. The physical and chemical
characteristics of the lake water were examined in
order to achieve that. The samples were collected
using clean polythene bottles (1 L) and analyzed in
accordance with the American Public Health
Association's sampling protocol [20]. A EUTECH
pH/EC/TDS/Temperature meter used to
measure the total dissolved solids (TDS) and pH, as
opposed to the EUTECH multi-parameters used to
test the electrical conductivity (EC), temperature,
and DO in the field. Titrimetric analysis was used to
determine alkalinity, chloride, and hardness.

was

The assessment of the percent removal efficiency
(RE, %) was done using the equation below:

RE, % = (“"=-2) + 100 (1)

where Cin is the Influent concentration (mg/L) and
Cout is the Effluent concentration (mg/L).

4. Results and discussion

Figure 3 shows the current state of the physio-
chemical characteristics of the ten water samples
used in this investigation. pH is one of the most
important quality criteria for field study. The
sample pH values were in the range of 6.9 and 7.9
(Table 1 and Figure 4A). The investigation found
that sample P2 had the highest pH value, whereas
sample In1 had the lowest pH value, showing that
the water quality of In1 was slightly acidic.

Table 1. Level of different water quality parameters of wetland, pond, and borewell (n = 5) in the pre-monsoon.

P Influents Wetland Pond Borewell
arameters In1 In2 W1 W2 P1 P2 P3 B1 B2 B3
pH 6.9 7.3 7.2 7.4 7.8 7.9 7.7 7.1 7.2 7.1
EC (uS/cm) 1247 1148 1063 1069 610 623 632 1011 981 992
TDS (mg/L) 732 789 683 687 410 412 406 740 732 721
Alkalinity (mg/L 310 318 270 278 261 267 272 290 288 272
as CaCoO:s)
Chloride (mg/L 144.0 141.2 79.2 78.1 47.3 49.5 52.9 21.6 28.5 36.2
as CI)
Total hardness 326.1 342.3 274 276 148 155 162 210 201 205
(mg/L as CaCOs)
Ca?* hardness 152.2 149.7 61.0 64.0 52.0 51.0 51.0 72.0 75.0 81.0
(mg/L as CaCOs)
DO (mg/L) 3.3 3.5 4.8 5.1 5.6 5.5 5.7 6.1 6.2 5.8
BODs (mg/L) 38.0 42.5 21.0 19.2 6.2 6.1 7.2 BDL BDL BDL
COD (mg/L) 212.0 202.0 28.0 22.0 12.0 15.0 18.0 BDL BDL BDL
TKN (mg/L) 58.8 55.5 16.8 15.8 21.0 14.0 18.2 BDL BDL BDL
Nitrate Nitrogen 67.3 65.2 8.7 8.6 33.9 30.2 32.1 0.6 0.8 0.2
(mg/L)
Total Phosphorus 47.3 45.7 15.3 25.1 2.2 1.9 2.1 BDL BDL BDL
(mg/L)

BDL- Below detection limits

According to the study, the site at In1 had a lower
pH value than all the other samples due to the
presence of effluent from the nearby automobile
and the battery industry. According to Islam et al.,
the water at Hatirjheel Lake had a mean pH value
of 7.2 [21]. The ability of water to conduct electrical
current was determined by a property known as EC
[8]. The EC varied from 610 to 1247 uS/cm (Table 1

and Figure 4 B). The investigation found that
samples In1 and In2 (inlet) had the greatest EC
values, whereas the sample of the pond had the
lowest. The inlet EC concentration was higher than
what was allowed (WHO 2003). The quantity of
solids in a water sample is known as TDS [22]. The
inlet's higher TDS concentration was 789 mg/L
(Table 1 and Figure 4 C). The RE of TDS through the
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wetland was 9.9 % (Table 2). The analysis
discovered that sample 1 (In2) had the highest TDS
value, and sample P1 had the lowest (Figure 4 C).

Some households dispose of domestic waste and
WW very close to the study area. The TDS value was
higher than that of all other sampling sites. 1000
mg/L was the accepted upper limit for TDS (ECR
1997). The determination of alkalinity, hardness,
and chloride was done using the titrimetric
approach. The samples total alkalinity
concentration fluctuated between 318 mg/L to 261
mg/L. Similar results are shown in the study [23].
Samples 1and 2 (In1 and In2) had the highest levels
of alkalinity, whereas the pond water sample had
the lowest levels (Figure 4 E). Minerals like calcium
and magnesium caused the water to be hard.
Minerals are dissolved in soft water in smaller

amounts than hard water, which is a major
difference. The study area total hardness ranged
between 342.3 and 148 mg/L (Table 1 and Figure 5
A). Sample In2 had the highest total hardness, and
Sample P1 had the lowest (Figure 5 B). The Total
Hardness was often present in concentrations of
200-500 mg/L (ECR 1997; WHO 2003). The Ca*
hardness of the water samples was assessed
(Figure 5 B). The southwest monsoon starts at the
end of June and continues until the beginning of
October. Raipur receives an average of 1300 mm of
rainfall during the season
(https://www.accuweather.com). Due to rain, all
the physicochemical parameters get diluted, which
reduces their concentration (Table 3). The effect of
a lack of concentration due to rain can be seen in
Tables 2 and 3.

rainy

Table 2. Percentage removal efficiency (RE) through wetland and pond during pre-monsoon.

Influents Wetland RE Pond RE
P t ' !
arameters Average Average % Average %
TDS (mg/L) 760.5 685.0 9.9 409.3 40.2
Chloride (mg/L as CI") 142.6 78.6 44.9 49.9 36.5
Total hardness (mg/L as CaCOs) 334.2 275.0 17.7 155.0 43.6
BODs (mg/L) 40.2 20.1 50.0 6.5 72.6
COD (mg/L) 207.0 25.0 87.9 15.0 40.0
TKN (mg/L) 57.1 16.3 71.4 17.7 -8.6
Nitrate Nitrogen (mg/L) 66.2 8.5 87.2 321 -277.6
Total Phosphorus (mg/L) 46.5 20.2 56.5 2.1 89.6
Table 3. Physicochemical parameters of influent in the post-monsoon season (n = 3).
o N Lo Chloride Total hardness BODs  COD,  TKN, TP, DO,
- e P mg/L (mg/L as CI") (mg/L as CaCOs) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Influents 7.6 315 12.8 219.3 19.2 58.6 221 35.3 4.4
Wetland 7.3 289 51.5 172.8 12.3 12.2 10.5 15.2 6.2
Pond 7.1 252 38.2 Mm.5 7.4 9.5 8.7 1.8 6.5
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Fig. 4. Status of the study area water quality during pre-monsoon, (A) pH; (B) Electrical Conductivity (EC); (C) Total
Dissolved Solid (TDS); (D) Alkalinity; (E) Chloride; (F) Dissolved Oxygen (DO).
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The study area's Ca?* hardness value ranged from
51 to 152.2 mg/L. The standard limit of Ca®
hardness was 500 mg (WHO). DO is a crucial metric
since it serves as a gauge of water quality. Between
3.5 and 6.2 mg/L of DO were present in the water
of the study area. In the current study, bore
samples (B1, B2, and B3) included the highest levels
of DO, whereas sample In1 contained the lowest
levels (Figure 4 F). BODs is usually defined as the
requirement of oxygen for bacteria while stabilizing
decomposable organic matter under aerobic
conditions and essential for measuring the oxygen
consumed by microorganisms under aerobic
conditions [24]. The BODs value found in the study
ranged from 6.1 mg/L to 42.5 mg/L (Figure 5 D) and
the COD from 15.0 mg/L to 207.0 mg/L, which was
under CPCB norms. BODs and COD were lower in
pond water as compared to the influent of sewage,
which showed the proper functions of the natural
wetland systems. The RE of BODs and COD through
the wetland was respectively 50% and 87.9%
(Table 2). The RE of BODs and COD through the
pond were 72.6% and 40%, respectively. This data
showed that the wetland treated the domestic and
industrial wastewater satisfactorily. A COD test
was used to measure the organic strength of
industrial and domestic waste. The COD ranged
from 12 mg/L to 212 mg/L in the study area. The
plants available in the wetland and ponds
effectively aerate the filtration system. In the study
area, the ratio of BOD5/COD was 0.2 in the
influent, which showed the slowly biodegradable
wastewater treatment; after treatment through
the wetland, this ratio was more than 0.5, making

it easily biodegradable for the WW [19,26]. The
quantity to which pollutants were reduced during
the treatment process depended upon the existing
condition of the wetland, the slope of the study
area, and the strength of the influent WW. All
nutrients (nitrogen and phosphorus) were natural
parts of aquatic ecosystems. TKN is the form of
organic nitrogen and ammonia. Organic nitrogen
contains natural materials such as protein, nucleic
acid, urea, and peptides [14]. The range of the TKN
was 14.0 mg/L to 58.8 mg/L, and the TP was 1.9
mg/L to 47.3 mg/L. The higher level of nutrients
was due to the vegetable market near the study
area. The RE of TKN and TP through the wetland
were 71.4 % and 56.5%, respectively. TKN and TP
were absent in all the samples of groundwater. The
majority of the nitrate in the ponds originated from
inflowing streams, which were an external source
of nitrogen [21]. NN was available in all samples,
ranging from 0.2 mg/L to 67.3 mg/L. Due to the
adequate amount of nutrients in the influents,
algal and aquatic plants have developed in the
study When dead algae undergo
decomposition, organic nitrogen is released, as
shown in the wetland and pond samples. The RE of
NN through the wetland was 82.7%. NN s
generally low in groundwater because of the
absorbance of clay and soil particles. In the study
area, NN was available in groundwater compared
to the wetlands and ponds. People around the pond
use the pond for bathing, washing clothes, and
fishing. Dissolved organic matter surfactants and
chlorite are the major interference of NN (APHA).
Swarnakar et al. [28] studied various soil-based

ared.
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constructed wetlands that had a higher RE of
nutrients and enhanced the DO in the effluents.
Due to the good level of DO, many varieties of fish
are available in the wetlands and ponds. Fish
farming is done commercially in the ponds and
wetlands. The details of the fish present in the
wetlands and ponds are given in Table 4, with their
local name and scientific name [29]. Turtles are
also found in both water bodies.

Table 4. Details of fish available in wetland and pond.

S. No. Wetland Pond
1 Tengna (Mystus Tilapia (Oreochromis
) Tengara) niloticus )
2. Smg,hl (Stinging Rohu (Labeo rohita)
catfish)
3. kemi (Hiligaynon) Catla (Catla Catla)
4. Bhunda (Murrel) Komalkar (Kaman Kar)
5 Mongri (Clarias Singhi (Stinging
) batrachus) catfish)
6. Kotri (Mahseer) kemi (Hiligaynon)

5. Conclusions

In this study, it can be observed that urban WW
can be treated by wetland. The treated water is
collected in a pond, which improves the water
quality and has no impact on groundwater. In
terms of the environment, the wetland and pond's
measured water quality parameters, such as pH,
EC, TDS, alkalinity, hardness, Ca? hardness, and
DO, showed the improvement of the water quality.
The mean DO value of the pond was under 5.0
mg/L, and the DO value at some points in the pond
had a good standard value (>5-6 mg/L), which is
good for fisheries. The existing wetland is treating
WW properly. As per the findings, organic matter
and nutrients were removed by the wetland and
pond by more than 50%. The quality of pond water
could be improved by adding more plants to
improve the wetland water body. Pond water and
aesthetics could be improved by adding some
water lilies. All borewell water is drinkable and does
not require extra treatment. It is necessary to
undertake additional research using biotic indices
to determine how humans have impacted different
BODs ecosystems throughout the pre-monsoon and
post-monsoon seasons. No problems of any kind
due to the use of groundwater have been reported
by the residents of the study area. Therefore, it
could be concluded that the watersheds in the

study area are a great example of a natural
purification system for WW via the wetlands.
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