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Abstract: To assess the organic carbon and nutrients content and its seasonal and spatial variation, sediment
samples were collected three times from 18 different locations starting from Keuna, Nepal to Doriganj, Bihar
from Ghaghara River during the year 2018-19. The value of pH varied from 7.6 to 8.8 during the study period
and indicated the alkaline nature of the sediment. The electrical conductivity (EC) value varied from 0.09 to 0.47
(m S ecm™) in the study area, which shows the contribution of the anthropogenic input mainly from domestic
and industrial sources to the sediment of the Ghaghara River. The sediment organic carbon (SOC) was in the
range of 0.14 to 1.26 %, with relatively higher concentrations during the post-monsoon and monsoon season.
The concentration (Mean + SD) of nitrate, ammonium, phosphate, sulphate and silica in the sediment samples of
Ghaghara River were 7.05 + 1.19, 5.5 +1.7, 1372 + 509, 562 + 157, and 159306 + 36192 (mg kg™'), respectively,
during post-monsoon season, 2.05 + 0.59, 18.0 = 5.2, 1814 + 318, 602 + 139, and 180152 + 52098 (mg kg™)
in pre-monsoon season, and were 7.3 + 3.3, 7.8 = 1.4, 1835 + 696, 438 + 85, and 163625 + 68143 (mg kg'!)
in monsoon season, respectively. The bulk density (BD), pH, EC, nitrate, ammonium, sulphate, and phosphate
content showed significant seasonal variation and in the case of spatial variation, while only EC and sediment
organic carbon showed significant variation in the Ghaghara river sediment.
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Introduction

The increasing demands on water resources by the
growing population and the decline in quality of
existing water resources lead to an extreme load on the
freshwater resources due to the additional requirements
of serving the growing industrial and agricultural
growth (Dhawan, 2017; Gautam et al., 2020; Rawat
et al., 2018). These anthropogenic activities may also
affect the organic matter and nutrient concentration
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in the river water and sediment system (Khatri and
Tyagi, 2015). The sediment in the river system can be
contributed to the weathering and erosion of the rock
present in the catchment area, dry precipitation along
runoff from urban and agricultural areas (Sharma et al.,
2017). The chemical composition of sediment depends
upon the composition of source rocks, mechanical and
chemical weathering, winnowing, and sorting taking
place during the transportation along the river stretch,
deposition from the water column, and anthropogenic
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sources present in the catchment area (Gautam et al.,
2020; Gibbs, 1967; Piper et al., 2006). The nutrient
concentration in sediment can be influenced by
hydrological parameters like river morphology, flow
velocity, in-stream biota, and particle size and density
(Forsberg, 1989). Chambers et al. (1991) discussed the
role of bottom sediments in stream metabolism and in
providing nutrients to the aquatic biota.

The sediment characteristics include its particle size,
organic matter concentration, pH, and Eh condition
control the sorption and desorption of nutrients from
the sediment and contribute nutrients to the upper water
layer (Hou et al., 2013). Sediment can act as a source
and sink of nutrients and once contaminated it can also
act as a secondary source of river pollution, therefore,
its characterisation in terms of nutrient concentration is
very important (Haslam, 1990). In the recent past, the
sediment load in the river system had increased due to
land use land cover change occurring in the catchment
area due to anthropogenic activities that may affect
the benthic ecological population in rivers and lakes
(Williams and Melack, 1997). The present study was
carried out to assess the seasonal and spatial variation
in the concentration of sediment organic carbon and
inorganic nutrients in the Ghaghara River sediment.

81°00"E
1

Material and Methods

Study Area

The Ghaghara River is a major tributary of the River
Ganga with a total length of around 1080 km. It is the
largest tributary of Ganga after the Yamuna in terms
of discharge. The total catchment area of the Ghaghara
River is about 1, 27,950 km? and the average discharge
is 94,400 m® yr '(Singh et al., 2016). The Ghaghara
basin is mainly composed of older alluvium deposited
during the Pleistocene and newer alluvium deposited
during the Holocene period and particle size includes
coarse sizes including gravel and sand along with fine
size particles including silt and clay (Ravi et al., 2021).
In the area of the Ghaghra basin, the major rock types
include Bundelkhand granite gneisses of the Archaean
age and the Vindhyan Super Group of rocks (SWARA
2020).

Sediment samples (n = 54) were collected in the
zip lock polythene bags using a scoop sampler from
18 locations in the Ghaghara River and its tributaries
during the year 2018-19 (Figure 1). Samples were
collected from the riverbed at the depth of about 10 ~15
cm and taken in the icebox to the laboratory for further
analysis. The sediment samples were air-dried at room
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Figure 1: Study area map showing sampling location.



Seasonal and Spatial Variation in Sediment Characteristics 61

temperature and then homogenized using a porcelain
mortar and pestle and used for further analysis (Sharma
et al., 2017). The coordinates for the sample location
were collected by using the Trimble Juno-3B GPS.

Analytical Methodology

The pH and EC were measured by using a sediment
solution prepared by extracting the sediment with
double distilled water at 1:10 (w/v) sediment: water ratio
using a water and soil analysis kit (Labtronics, model-
LT68). Sediment organic carbon (SOC) was analysed by
the Walkley & Black titration method by oxidation of
organic carbon in presence of potassium dichromate and
concentrated sulphuric acid. In this method, a correction
factor of 1.3 is used to include the unrecovered organic
carbon in the sediment (Walkley & Black, 1934). The
inorganic nitrogen (ammonium and nitrate) in the
sediment was analysed by extracting the sediment with
2 KCI solution and concentration was measured by
using standard methods given by APHA (2005). The
sulphate concentration in the extract obtained by the
extraction with monocalcium phosphate solution was
analysed by using the barium chloride turbidity method
(APHA, 2005). The silica and phosphate concentration
in the sediment was measured by using the standard
method given by Shapiro (1975). Grain size analysis
was carried out by using a Laser Particle Size analyser
(CILAS 1190).

Statistical Analysis

One-way analysis of variance (Analysis of Variance) was
done for determining the spatial and seasonal variation
of nutrient concentration in the Ghaghara River. The
Pearson’s correlation coefficient analysis was carried
out to understand the factor controlling the sediment
chemistry in the Ghaghara River system. MS Excel
2019 was used for ANOVA and Pearson’s correlation
coefficient analysis. GRADISTAT v8.0 software was
used for the analysis of grain size distribution.

Result and Discussion

The statistics of result including range, mean and
standard deviation value for the measured parameter
during the post-monsoon, pre-monsoon and monsoon
season is given in Table 1. The seasonal and spatial
variation in the concentration of measured parameters
is given in the form of a boxplot in Figures 2 & 3,
respectively. The significance of the seasonal and spatial
variation is presented in the form of an ANOVA table
and is given in Table 2.

The bulk density of the sediment depends upon the
sediment texture and gets affected by the porosity and
organic matter content (Jepsen et al., 1997). The bulk
density was in the range of 0.14 to 1.26 with a relatively
higher mean value observed during the post-monsoon
and monsoon season (Table 1 & Figure 2). The bulk

Table 1: Statistics including Range and Mean+SD for the concentration of nutrients in the
Ghaghara river sediments

Parameters Post-monsoon Pre-monsoon Monsoon season
Range (Mean+SD) Range (Mean+SD) Range (Mean+SD)

BD (gm/cm3) 0.20-0.80 0.36+0.18 0.15-0.61 0.30+0.11 0.14-1.26 0.36+0.30
pH 7.6-8.1 7.88+ 0.15 8.0-8.4 8.22+ 0.13 7.87-8.8 8.18+ 0.24
EC (mS cm") 0.10 - 0.20 0.12+ 0.03 0.29-0.47 0.36 + 0.054 0.09-0.25 0.132 + 0.036
SOC (%) 0.20-0.8 0.36+ 0.18 0.15-0.61 0.30 +£0.11 0.14-1.26 0.36 + 0.30
Nitrate (mg 4.67 -9.42 7.05+1.19 1.61- 3.78 2.05 £ 0.59 2.18-14.37 7.35+ 3.38
kg™
Ammonium 3.36-9.80 552+ 1.72 10.17- 28.71 18.0+£ 5.25 4.27-10.36 7.81 £ 1.41
(mg kg™
Phosphate (mg 587-2657 1372 £ 509 1357-2459 1814 £ 318 1090-4239 1835 + 696
kg™
Sulphate (mg  362-985 562 + 157 449-1017 602 + 139 319-568 438 + 85
kg™
Silica (mg 106335- 159306 + 36192 90310-263592 180152+ 52098  73046-333153 163625 +
kg™!) 225243 68143

(BD = Bulk Density, EC = Electrical Conductivity, SOC = sediment organic carbon)
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Figure 2: Seasonal variation in the nutrient’s concentration in the Ghaghara River sediments.
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Figure 3: Spatial variation in the

nutrient’s concentration in the Ghaghara River sediments.
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Table 2: Results of analysis of variance (ANOVA) at
95% confidence level for seasonal and spatial variation
of nutrients concentration in the Ghaghara river

sediment
Parameter Fcalculated  Frcritical P-value
Seasonal variation
Bulk density 5.62 3.18 0.01
pH 18.86 3.18 0.00
EC 183.68 3.18 0.00
SOC% 0.52 3.18 0.60
Nitrate 36.25 3.18 0.00
Ammonium 70.60 3.18 0.00
Phosphate 4.05 3.18 0.02
Sulphate 7.32 3.18 0.00
Silica 0.74 3.18 0.48
Spatial Variation
Bulk density 0.77 3.18 0.47
pH 0.90 3.18 0.41
EC 10.99 3.18 0.00
SOC% 12.51 3.18 0.00
Nitrate 0.03 3.18 0.97
Ammonium 3.14 3.18 0.05
Phosphate 0.14 3.18 0.87
Sulphate 0.44 3.18 0.65
Silica 2.66 3.18 0.08

density was relatively higher in the middle stretch of
the Ghaghara River (Figure 3). The bulk density value
showed significant seasonal variation (p < 0.05) in the
study area but its spatial variation was not statistically
significant (p > 0.05) (Table 2). The bulk density
showed a negative correlation with the EC, SOC, and
nutrient concentration indicating the role of particle
size in the nutrient chemistry (Table 3). The Ghaghara
River sediments were alkaline as indicated by their
pH value (Table 1). The pH value showed significant
seasonal variation (p < 0.05) in the study area with a
relatively higher mean value during the pre-monsoon
season (Table 2 & Figure 2). The spatial variation for
the pH was not significant (p > 0.05) in the Ghaghara
River system, however, a relatively higher mean value
was observed in the lower stretch of the river indicating
the influence of anthropogenic contribution (Table 2
& Figure 3). The pH value play important role in the
mobility and bioavailability of trace element, organic
matter mineralization, nitrification, and denitrification

process occurring in the sediment (Neina, 2019). The
EC value varies from 0.09 to 0.47 mS cm™ in the
study area (Table 1). The EC value showed significant
seasonal variation (p < 0.05) in the study area with a
relatively higher mean value during the pre-monsoon
season indicating the effect of low flow conditions on
the sediment chemistry (Table 2 & Figure 2). The spatial
variation for the EC was not significant (p > 0.05) in
the Ghaghara River system (Table 2).

The organic carbon in the river sediment can
originate from a variety of autochthonous sources
(produce within the system such as phytoplankton)
and allochthonous (material transported from the land
area including natural and anthropogenic contributions)
(Westerhoff and Anning, 2000). The sediment organic
carbon (SOC) content of Ghaghara River sediment
varied from 0.14 to 1.26% (Table 1). Galy and France-
Lanord (2005) reported organic carbon content in the
range of 0.02 to 0.25% for the bed sediment of the
Ganga-Brahmaputra system. The seasonal variation
in the SOC content was not significant (p > 0.05)
however relatively higher SOC content was observed
during post-monsoon and monsoon seasons (Table 2 &
Figure 2). The SOC content showed significant spatial
variation (p < 0.05) with relatively higher content was
observed in the downstream section of the Ghaghara
River indicating the contribution from the anthropogenic
activities taking place in the catchment area (Table
2 & Figure 3). The higher content of organic matter
during the pre-monsoon and monsoon season can be
due to increased contribution from the instream biotic
production along with the contribution from the urban
and agricultural areas (Adeyemo et al., 2008). SOC was
positively correlated with the EC as organic carbon play
important role in the cation exchange capacity of soil
and sediment (Hunt, 1981) (Table 3). In the sediment,
inorganic nitrogen can be present in the form of nitrate,
nitrite, and ammonium ion form and mainly originated
from the microbial decomposition of organic matter
and subsequent nitrification of the ammonium ion to
nitrate and nitrite. The ammonium and nitrate present
in the sediment support the algal production through
the process of sediment digenesis and can create an
issue of eutrophication in the river system (Jiang et
al., 2018). The nitrate content of Ghaghara River
sediment was in the range of 1.61 to 14.37 mg kg™ in
the study area (Table 1). Sharma et al. (2017) reported
nitrate concentration in the range of 0.11 to 6.09 mg
kg! for the bed sediment of the Yamuna River system.
The nitrate concentration showed significant seasonal
variation (p < 0.05) in the Ghaghara River system with
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Table 3: Correlation coefficient analysis of nutrients for post-monsoon, pre-monsoon, and monsoon season in the
Ghaghara river sediments

BD pH EC sSocC NO; NH, PO, S0, Silica
Post-monsoon
BD 1.00
pH 0.06 1.00
EC -0.41 -0.08 1.00
SOC -0.02 0.29 0.07 1.00
NO; 0.70 0.05 -0.44 0.09 1.00
NH, -0.06 -0.15 0.19 -0.09 0.00 1.00
PO, 0.11 -0.19 -0.32 0.04 0.13 -0.18 1.00
SO, 0.20 0.15 -0.33 0.01 0.39 0.16 0.70 1.00
Silica -0.40 0.10 -0.09 -0.34 -0.22 -0.01 0.21 0.26 1.00
Pre-monsoon
BD 1.00
pH -0.10 1.00
EC -0.50 -0.26 1.00
SOC -0.46 -0.10 0.60 1.00
NO;, 0.03 0.28 -0.01 0.23 1.00
NH, -0.08 0.02 0.34 0.39 -0.03 1.00
PO, 0.15 -0.21 -0.24 0.06 0.19 0.07 1.00
SO, -0.15 0.14 0.18 0.25 0.67 -0.04 -0.03 1.00
Silica 0.14 -0.35 -0.15 0.05 -0.31 -0.50 -0.01 -0.19 1.00
Monsoon
BD 1.00
pH -0.18 1.00
EC -0.05 0.32 1.00
SOC 0.00 0.12 0.04 1.00
NO; -0.14 0.18 -0.09 0.47 1.00
NH, -0.35 0.37 0.46 0.24 0.42 1.00
PO, -0.25 0.52 0.35 -0.17 0.17 0.20 1.00
SO, -0.48 0.50 0.26 -0.18 0.05 0.10 0.31 1.00
Silica 0.27 -0.27 0.39 -0.24 -0.36 -0.17 -0.03 -0.25 1.00

relatively higher concentration during the monsoon
season may be due to increased contribution from the
catchment areas with an increase in flow condition
(Table 2 & Figure 2). The nitrate concentration did not
show significant spatial variation (p > 0.05) however,
a relatively higher concentration was observed in the
middle stretch of the Ghaghra River system (Table 2

& Figure 3). The relatively higher concentration of
nitrate in the middle stretch may be due to excess uses
of chemical fertilisers, animal manure, pesticides (Fang
and Ding, 2010; Rahmati, et al., 2015; Zarabi and Jalali,
2012) for higher agriculture yield (Goldberg, 1989) and
direct disposal of sewage waste and poor maintenance
of sewerage system in the catchment area of Ghaghara
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River. Nitrate showed a positive correlation with the
sulphate concentration indicating the contribution from
the agricultural area present in the catchment (Table
3). The ammonium ion concentration was in the range
of 3.36 to 28.71 mg kg! in the study area (Table 1).
The concentration was relatively lower than the value
reported for the sediment of the Yamuna River due to
less sewage discharge received by the Ghaghara River
(Sharma et al., 2017). The ammonium concentration
showed significant seasonal variation (p < 0.05) in
the Ghaghara River system with relatively higher
concentrations were observed during the pre-monsoon
season (Table 2 & Figure 2). The spatial variation
was not significant (p > 0.05) for the ammonium
concentration in the Ghaghara River system.
Phosphate is considered as limiting nutrient in the
aquatic system and is partitioned more towards the
solid sediment phase of the river system (Correll,
1990). The phosphate in sediment can originate from
the weathering of rocks and minerals, mineralisation
of organic detritus, and agricultural and urban waste
(Watson et al., 2018). The total phosphate concentration
was in the range of 587 to 4239 mg kglin the Ghaghara
River sediment and was relatively higher than the value
reported for the sediment of Indian rivers (700-1400
mg kg™!) (Vaidyanathan et al., 1989). The higher value
of phosphate concentration in the sediment can be due
to the presence of phosphate containing minerals along
with the contribution from the agricultural area and
urban centres in the catchment area (Indian Minerals
Yearbook, 2014). The total phosphate concentration
showed significant seasonal variation (p < 0.05) in
the Ghaghara River system with relatively higher
concentrations were observed during the pre-monsoon
season (Table 2 & Figure 2). The spatial variation was
not significant (p > 0.05), however, a relatively higher
concentration was observed in the lower stretch of
the river indicating contribution from the agricultural
fields and sewage discharge from the populated areas
present in the catchment area (Table 2 & Figure 3).
The sulphate ion in the bed sediment can originate
from atmospheric deposition, runoff from agriculture
and urban areas along with the dissolution of naturally
occurring minerals such as gypsum and anhydrite in the
catchment area (Lucassen et al., 2004). The sulphate
concentration was in the range of 319 to 1017 mg kg’
in the Ghaghara River sediment (Table 1). The sulphate
concentration showed significant seasonal variation (p
< 0.05) in the Ghaghara River system with relatively
higher concentrations observed during the pre-monsoon
season (Table 2 & Figure 2). The spatial variation was

not significant (p > 0.05). However relatively higher
concentration was observed in the Upstream section
of the river (Table 2 & Figure 3). Sulphate showed
a positive correlation with the phosphate and nitrate
concentration indicating the contribution from the
agricultural area present in the catchment (Table 3).
Silica in river sediment can originate from weathering
of silicate minerals, deposition from wind along with
sedimentation, and burial of biogenic silica (Frings et
al., 2016). The total silica concentration was in the
range of 73046 to 333153 mg kg™ in the Ghaghara
River sediment. The observed mean concentration was
relatively lower than the reported concentration in the
world river sediment (285000 mg kg™') (Subramanian
et al., 1985). The silica concentration did not show
significant seasonal and spatial variation (p > 0.05) in
the Ghaghara River system, however, relatively higher
concentrations were observed during the pre-monsoon
season and in the upstream section of the Ghaghara
River (Table 2, Figures 2 & 3).

Grain size analysis is an important tool for determining
the sedimentary depositional environments as it can
provide important clues to nature, transport history,
provenance, and depositional condition (Bui et al.,
1990; Sheridan et al., 1987). Based on the Folk and
Ward (1957) method, 72.22 % of sediments are poorly
sorted, 11.11% moderately sorted, 11.11% very poorly
sorted, 2.78% well sorted, and the remaining 2.78%
moderately well sorted, respectively, in the Ghaghara
River. Based on texture group classification, 50.00% of
channel sediments are sandy gravel, 36.11% gravelly
muddy sand, and the remaining (13.89%) gravelly sand
in the Ghaghara River (Figure 4).
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Figure 4: Grain size distribution (Gravel-mud-sand
diagram) of Ghaghara River sediments.
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Conclusion

Ghaghara river sediment samples were collected
and analysed for their organic carbon and nutrient
content estimation. The sediment organic content was
relatively higher than the value reported for the Ganga-
Brahmaputra system indicating contribution from the
anthropogenic activities taking place in the catchment
area. The ammonium concentration was relatively lower
than the concentration observed in the Yamuna River
sediment as River Yamuna is more polluted through
sewage waste. The total phosphate concentration in
the Ghaghara River sediment was relatively higher
than the value reported for the sediment of Indian
rivers. The total silica concentration in the Ghaghara
River sediment was relatively lower than the reported
concentration in the world river sediment. The nutrient
concentration in the sediment showed significant
seasonal variation although spatial variation was not
significant in the Ghaghara River. The Ghaghara River
sediment samples were poorly sorted and mainly consist
of sandy gravel texture.
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