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Abstract:

Water is undoubtedly considered as home to many aquatic flora and fauna in both lentic and lotic
ecosystems. Universally, rivers are acknowledged as a primary source of surface water and play a
crucial role among many other natural water resources (Mirza et al. 2014; Eliku and Leta 2018).
Rivers serve several purposes, including household water supply for drinking, transportation,
agricultural irrigation, recreational activities, fishing and aquaculture production as well as the
generation of electricity (Mirza etal. 2014; Boyd 2015; Eliku and Leta 2018). It is essential to
recognize that water quality plays a crucial role in safeguarding the whole environment, particularly
in maintaining the soundness of the public health system (Rajini et al. 2010; Arafat et al. 2022). The
existence of resilient riverine ecosystems is correlated with the profusion of aquatic flora and fauna,
thus enhancing the overall biodiversity of the region (Lawal et al. 2023).

Before the initiation of this study, no prior studies were conducted regarding the spatial and temporal
fluctuations in the physico-chemical properties of Mithila Wetland. Simultaneously, it is worth
mentioning that this plain accommodates a considerable populace of the most coveted game fish of
the globe, the imperiled makhana, and jute. Therefore, considering the economic vitality of the
Mithila Plain, the current study was carried out to evaluate the physico-chemical parameters in
relation to spatial and seasonal fluctuations. This study utilized a range of statistical methods to
establish a comprehensive dataset that can be used for the efficient management and conservation of
the Mithila Wetland Plain, in addition to detecting pollution sources and other water quality issues.
This study provides valuable insights that might enhance the quality of physico-chemical parameters,
which, in turn, may aid in preserving and managing resident fish species, which are essential for the
local economy:.
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Introduction:

Precipitation is the prime source of flow in the River Ganga. The contribution of Plateau Rivers, which
experience slightly different rainfall patterns, is also significant. Snow-melt water from the Himalayas
and Himalayan tributaries are also an important source of flow. The percentage contribution of each
of these sources varies throughout the year, and this has a significant impact on the water quality and
sediment profile of the River Ganga. Variation in velocity and channel regime is primarily due to the
change in topographical features. Rivers Koshi and Gandak pierce their way through the loose alluvial
sedimentary formations of the Himalayas with great velocity and turbulence due to the steep slope of
Mithila Plain. The width of the channel in this region, where the River flows for approximately 100
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km, varies from about 5m at gorges to about 30m in wider and shallow sections. The width increases
significantly in the flow regime downstream of dams. The mean annual flow rate in this region is
about 850 m3/s. Considering 90 percentile volumes, March records lowest flow at about 140 m3/s
and highest flow is usually in the month of August, which is about 2000 m3/s. (Ray, 1998).

The mean annual flow rate in Mithila Plain is about 850-1700 m3/s and the 90 percentile flows
during the lean flow and monsoon period are about 160 m3/s and 6200 m3/s respectively. There are
many tributaries which join the Ganga and contribute to the flow of the River in the section from
Sangam in Patna, where the River Gandak joins the Ganga, till Farakka barrage, where the River forms
a distributary. The slope of the channel reduces further in this section with an average slope of about
1:13000. It is at this point where there is significant difference in the velocity of the river through
lateral and vertical dimensions. Nutrient and pollutant dispersion vary significantly from the middle
section of the River to the sections near the banks. The mean flow rate in this region is about 10,200
m3/s (Ray, 1998). Increased siltation and large flow volumes result in an increase in the width of the
River, and the zone is prone to flooding.

Table 1. Water quality parameter of Mithila Plain

Characteristic Water Samples taken from Different Places of Mithila Plain
At the At the At the At picnic | Atthe place | Near the
rightend | Bathing Boating spot near rotting | place of
of bank Ghat Ghat of jute irrigation
pH Value 7.74 7.79 9.06 7.30 7.35 7.24
Turbidity, NTU 26.1 6.8 9.9 7.60 17.30 15.90
Total Dissolved Solids, 128 124 98 160 152 178
mg/L, Max
Total Suspended Solid, 63.5 10.0 5.5 <02.00 14.00 15.5
mg/L
Chemical Oxygen <8.0 <8.0 <8.0 14.0 5.70 29.0
Demand, mg/L
Biochemical Oxygen 1.2 <1.0 <1.0 4.60 15.0 7.40
Demand, 3 Days at 27°C,
mg/L
Sulphate (as SO4), mg/L 6.0 4.5 4.5 <05.0 <05.0 <05.0
Phosphate (as PO4), 0.03 0.03 0.03 0.04 0.02 0.02
mg/L
Nitrate (as NO3), mg/L 0.49 <0.2 0.23 <0.50 <0.50 0.61
Nitrite (as NO2),mg/L <0.05 <0.05 <0.05 0.20 0.20 0.30
Total Hardness (as 116.4 116.4 85.4 36.0 99.8 113.3
CaC03), mg/L
Total Coliform Count, 4.7x10% 4.0x104 2.4x10% 4.9x10% 3.1x104 2.9x104
MPN/100 mL

Spatio-Temporal Pattern and Physio-Chemical Characteristics of Wetlands of Mithila
Plain

Dr. Sunita Pachori & Binay Kumar



AlJRAVoI. 1V Issue | www.ijcms2015.co ISSN 2455-5967

mL

Fecal Coliform, MPN/100| 9.2x103 6.8x103 1.1x103 9.8x103 3.4x103 3.0x103

The velocity of the river is extremely reduced in this stretch, and is below the threshold limit for
transport of sediments. Massive loads of sediment are deposited in the stretch and tidal variation
dominates river hydrology. The Central Water Commission of India (CWC) monitors the flow of the
River Ganga, and has a strategic network of 316 gauging stations across the Ganga Basin (National
Remote Sensing Centre, 2014). As is the case with many of the trans-boundary river systems, data
pertaining to the flow in the River Gandak and Koshi is not publicly released. The present study
examines critical parameters pertaining to water quality of the Mithila Wetland Plain, for which
information about the flow is invaluable. Information pertaining to the flow of the Rivers has been
obtained from CWC and has been used suitably to interpret the findings from this study.

Physio-chemical structure:

Kabar Tal is situated in Begusari district of Bihar, which is one of the numerous wetlands of Mithila
Plain. This plain is situated in the north central part of Bihar. The region is limited by the Gandak
River on the west, the Kosi River on the east, the Ganga River on the south and the Indo-Nepal
boundary on the north. The region is a product of continuous deposition from the Ganga River and its
tributaries.

Structurally, the plain is a part of Great Indo-Ganga trough, filled by deep alluvium carried by various
rivers. It is dotted with abandoned beds, cutoff meanders, numerous lakes and elongated chaurs.
These lakes and chaurs were formed by meanders of rivers and are now residual oxbow lakes.
Almost all the rivers in the region develop a capacity to spill over in the monsoon period and are
notoriously dynamic in character, particularly the Gandak, the Kosi and the Ganga. These rivers have
shifted their courses frequently covering wide areas throughout the historic time as is reflected by
the remnants of their former beds in the form of oxbow lakes, meander loops, dead channels,
“chaurs” and "tals”.

Seasonal and Spatial Variation of Water

Water exhibits both seasonal and spatial variations, meaning its characteristics (like temperature, pH,
and nutrient levels) differ based on time of year and location. For example, water quality is often
better during rainy seasons and varies along flow directions in cascading systems.

Table 2: Yearly round fluctuation of Physicochemical characters in Mithila Wetland Plain

Month 1 2 3 4 5 6 71 8 9 10 | 11 | 12 13 | 14| 15 16
Jan.21 | 21.8| 22| 150 90 | 706| 104 | 0 | 12| 96 | 108| 142 | 0.2 | 044 | 56| 1042 | 7.29
Feb.21 | 22 |226| 140| 82 | 74| 96 | 0 | 22| 80 | 102| 168 | 0.27 | 0.56 | 52| 1442 | 3.89
Mar. 21 | 253|248/ 124| 95 | 74| 86 | 0 | 18| 130 148 | 180| 0.35| 0.64| 60| 12.82| 6.80
Apr.21 |30.5|28.2| 110| 90 | 7.5 7 10| 0 | 236| 236| 190| 0.48 | 0.72 | 64| 15.23 | 6.31
May21 | 345 33| 95| 8 | 72| 68 | 17| 0 | 302) 302| 185] 0.51| 096 | 72| 15.23 | 8.25
June 21 | 36.2|34.2] 115| 70 | 76| 56 | 13| 0 | 310 310] 220) 0.76| 13 | 76| 21.64| 5.34
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July 21 | 32.8/30.5| 120| 60 | 75| 54 | 12| 0 | 270| 270| 128 | 1.22| 1.58| 66| 17.64 | 5.33
Aug?21 [30.5]28.7[ 110| 72 | 77| 5.6 | 14| 0 | 72 | 72 | 130| 1.65| 2.11 | 64| 16.03| 5.33
Sept.21|29.5|/27.2| 104| 75| 78| 72 | 0 [ 10| 80 | 90 | 198| 1.5 | 217 | 60| 1442 | 5.83
Oct.21 |27.7] 26| 95| 70 | 76| 68 | 10| 0 | 102| 102 | 210| 092 | 1.42| 62| 13.62 | 6.80
Nov.21 | 26.5|249| 82 | 64 | 7.7 | 64 | 12| 0 | 190 190| 196| 09 | 1.25| 60| 12.82 | 6.80
Dec.21 | 24 |233| 70 | 70 | 73| 52 | 14| 0 | 220| 220| 185| 0.76 | 0.95| 62| 2244 | 1.45
Jan.22 |20.8(22.1] 57 | 57 | 7.2 | 54 | 20| 0 | 218 218 205| 0.62| 0.71| 60| 15.33| 5.34
Feb.22 | 225(232] 40 | 40 | 76| 64 | 18| 0 | 194| 194| 190| 0.6 | 0.74 | 58| 1442 | 5.34
Aug?22 [31.21295/ 150 60 | 74| 46 | 10| O | 62 | 62 | 128| 0.7 | 0.72| 76| 1844 | 7.28
Sept. 22| 29 |274|/160| 65| 75| 64 | 12| 0 | 102 102| 185| 0.62| 09 | 74| 16.03 | 8.26
Oct.22 |27.2|125.7/ 145| 60 | 78| 82 | 14| 0 | 114 | 114 | 205| 0.62| 1.02| 70| 17.64 | 6.31
Nov. 22 | 25.8| 24.2| 120| 80 8 86 | 12| 0 | 210| 210 240 0.55| 0.7 | 66| 16.03 | 6.31
Dec.22 | 235|238/ 106| 77 | 81| 98 | 10| 0 | 188 188| 273 | 0.39| 046 | 62| 15.23 | 5.82
Jan.23 |20.2|22.3] 90 | 52 8 82 | 0]18] 150| 168| 257 | 0.22| 0.52| 60| 14.23 | 5.65
Feb.23 [ 219| 23| 78 | 45| 76| 68 | 0 | 26| 218 | 244 | 215| 0.27 | 0.66 | 64 | 17.64 | 4.85
Mar.23 | 24.7|242| 64 | 50 | 71| 56 | 10| 0 | 258| 258| 290| 0.32]| 0.85| 76| 19.43 | 6.68
Apr.23 | 295|275 40 | 32 | 72| 3.6 | 20| 0 | 290| 290| 320| 0.44| 1.15| 80| 20.84 | 6.79
May 23 | 335317 35| 35| 71| 38 | 24| 0 | 314| 314 | 360| 0.82| 1.22| 90| 23.25| 7.76
June23 | 35 (338] 60 | 33 | 73| 46 | 22| 0| 278| 278| 260| 0.85| 1.42 | 98| 23.24 | 9.71
July23 |[33.1| 31| 125| 80 | 74| 58 | 16| 0 | 110| 110| 190| 09 | 1.45| 82| 20.84 | 7.28
Aug?23 |29.5|278| 170| 104| 75| 6.6 | 12| 0| 72 | 72 | 125| 1.04| 192 | 86| 21.64 | 7.77
Sept. 23| 28.3|26.5| 146 | 110| 7.6 | 88 | 0 | 12| 96 | 108| 180 | 096 | 1.72| 84| 20.84| 7.77
Oct.23 | 26.5|24.7| 134| 112| 78| 96 | 8 | 0 | 130 130| 218| 0.68| 1.02 | 78| 19.24 | 7.28
Nov. 23 | 24.7|23.6/ 120| 101 | 8.1 | 10.2| 12| 0 | 220| 220 296| 04 | 0.65| 74| 1443 | 9.23
Dec.23 | 23 [23.2) 105] 90 | 82 | 106 0 | 8 | 170| 178 | 270| 0.35]| 042 | 72| 13.63 | 9.23
1. Air temperature (°C)
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Water temperature (°C)

Depth (cm)

Transparency (cm)

pH

DO (ppm)
Fee CO; (ppm)

Carbonate alkalinity

Bicarbonate alkalinity

10. Total alkalinity (ppm)
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11. Specific conductivity (uS/cm)
12. Phosphate (ppm)

13. Total Kjeldhal nitrogen (ppm)
14. Total hardness (ppm)

15. Ca (ppm)

16. Mg (ppm)

Table 3 : Correlation matrix between Physico-chemical parameters in Mithila Wetland Plain

|
- |
| 0.981 |
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.546 | .553

-176

251

453

.593

494

- 333
327

309

226

277 | 410

.786

328 | .322

.180

176

127

147

.108

.209 | .002

.022

264

- .057
.040

612

.007

Table 4 : Diurnal variations in physic-chemical parameters of water

Time 9:00 13:00 | 17:00 | 21:0 1:00 5:00
— 0
Parameters ﬂ
Water Temp (°C) 21.5 23.8 22.6 21.2 19.3 18.6
pH 8 8.2 7.9 7.7 7.6 7.8
fa DO (ppm) 7.8 10.2 9.8 8.4 7 5.8
; Free CO; 0 0 1.2 1.8 2.8 3.6
E Total alkanity (ppm) 104 102 108 114 116 108
Conductivity (uS cm-1) 255 260 270 264 240 235
Total Hardness (ppm) 68 64 62 66 68 70
- Water Temp (°C) 31.5 33.2 31.7 30.1 28.5 27.4
8 pH 7.5 7.9 7.8 7.8 7.6 7.4
2 DO (ppm) 3 4.8 4.6 3.2 3.8 2.4
=) Free CO; 20 16 10 12 18 24
E Total alkanity (ppm) 290 280 302 304 322 308
E Conductivity (nS cm-1) 320 330 342 325 315 300
Total Hardness (ppm) 90 84 78 80 82 86
Water Temp (°C) 29.3 31.5 30.6 29.3 28 27.5
= pH 7.4 7.6 7.5 7.4 7.3 7.2
8 DO (ppm) 5.4 6.6 5.8 4.6 3.8 3.6
2 Free CO; 20 14 10 12 16 18
=) Total alkanity (ppm) 124 132 136 140 138 130
= Conductivity (1S cm-1) 180 190 185 170 164 160
Total Hardness (ppm) 82 78 74 76 78 80
x O Water Temp (°C) 24.5 26.7 24.9 244 23.9 22.6
= 2z pH 7.6 8 7.8 7.7 7.5 7.4
b g © | DO (ppm) 8.4 9.6 8.8 7.4 6.8 6.4
Free CO, 6 0 4 8 10 8
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Total alkanity (ppm) 182 190 198 206 200 192
Conductivity (uS cm-1) 256 270 280 265 250 240
Total Hardness (ppm) 74 70 64 66 68 72

In the development of wetland, the ecology of the water plays an important role, since ecology
determines the habitability and abundance of flora and fauna of the wetland. In the limnological
study the physic-chemical factors must be taken into consideration in understanding the eco-
composition of the natural bodies of water. Each factor contributes in making of the specific
ecosystem and thus determines the trophic dynamics of the aquatic body.

Conclusion:

Therefore any change in one factor directly or indirectly alerts the other factors. Hence, the study of
the physic-chemical characteristics of aquatic system is significant for the proper understanding of
various limnological phenomena.

Physico-chemical characteristics not only reflect the quality of an aquatic ecosystem but also its
biological diversity. The success of fish culture mostly depends on the physiochemical parameters of
the water. It is an established fact that maintenance of healthy aquatic ecosystem is dependent on the
physiochemical properties of water and biodiversity.

In Mithila wetland plain, any quality of water that influence the growth reproduction, survival and
management of aquatic organism including fish in any way is a water quality variable. Since the
impact of human intervention is growing on the wetlands, so the present limonological investigations
were carried out in Mithila Plain.

*Professor in Geography
**Associate Professor
SPC Govt. College

Ajmer (Raj.)

References:

1. Varol M (2020) Use of water quality index and multivariate statistical methods for the
evaluation of water quality of a stream affected by multiple stressors: a case study. Environ
Pollut 266:115417. https://doi.org/10.1016/j.envpol.2020.115417

2. Mirza ZS, Nadeem MS, Beg MA, Malik IU (2013) Spatial and temporal fluctuations in the
physico-chemical limnology of Mangla Dam (Pakistan). Pak ] Zool 45(3):679-686

3. Mirza MA, Choudhary MA, Khuhawar MY, Arain R (2014) Seasonal and environmental
pollution impact on the quality of water of River Poonch near district Kotli. Pakistan Int ] Eng
Res Technol 2(11):367-372

Spatio-Temporal Pattern and Physio-Chemical Characteristics of Wetlands of Mithila
Plain

Dr. Sunita Pachori & Binay Kumar



https://doi.org/10.1016/j.envpol.2020.115417

AlJRAVoI. 1V Issue | www.ijcms2015.co ISSN 2455-5967

4,

10.

11.

12.

Holmroos H, Horppila ], Niemist6 J, Nurminen L, Hietanen S (2015) Dynamics of dissolved
nutrients among different macrophyte stands in a shallow lake. Limnology 16:31-39.
https://doi.org/ 10.1007/s10201-014-0438-z

Huang ], Huang Y, Zhang Z (2014) Coupled effects of natural and anthropogenic controls on
seasonal and spatial variations of river water quality during basefow in a coastal watershed of
Southeast China. PLoS ONE 9(3):€91528. https://doi.org/10. 1371 /journal.pone.0091528

[S10500, BIS (2012) Indian standard drinking water-specification (second revision). Bureau
of Indian Standards (BIS), New Delhi

Islam ST, Dar SA, Sof MS, Bhat SU, Sabha I, Hamid A, Jehangir A, Bhat AA (2021)
Limnochemistry and plankton diversity in some high altitude lakes of Kashmir Himalaya.
Front Environ Sci 9:681965. https://doi.org/10.3389 /fenvs.2021.681965

Islam ST, Bhat SU, Hamid A, Pandit AK, Sabha I (2023) Impact of land-use patterns on water
quality characteristics of Rambiarrah stream in Kashmir Himalaya. Int ] River Basin Manag.
https:// doi.org/10.1080/15715124.2023.2165089

Ravichandran S (2003) Hydrological influences on the water quality trends in Tamiraparani
basin, South India. Environ Monit Assess 87:293-3009.
https://doi.org/10.1023/A:1024818204664

Seth R, Mohan M, Singh P, Singh R, Dobhal R, Singh KP, Gupta S (2016) Water quality
evaluation of Himalayan rivers of Kumaun region, Uttarakhand, India. Appl Water Sci 6:137-
147. https:// doi.org/10.1007/s13201-014-0213-7

Mir ZA, Bakhtiyar Y, Arafat MY, Khan NA, Parveen M (2023) Spatiotemporal variation of
physicochemical parameters in Aripal and Watalara streams of Kashmir Himalaya using
multivariate statistical techniques. Environ Monit Assess 195(6):743. https://doi.org/
10.1007/s10661-023-11261-2

Chakrapani G] (2005) Major and trace element geochemistry in upper Ganga river in the
Himalayas, India. Environ Geol 48:189-201. https://doi.org/10.1007/s00254-005-1287-1

Spatio-Temporal Pattern and Physio-Chemical Characteristics of Wetlands of Mithila

Plain

Dr. Sunita Pachori & Binay Kumar

40.8


https://doi.org/10.3389/fenvs.2021.681965
https://doi.org/10.1023/A:1024818204664
https://doi.org/10.1007/s00254-005-1287-1

