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The Imphal River is major river in Manipur, India, that connects Manipur River and Bay of Bengal. The
seasonal variations of organic carbon in surface sediments and the major sources along the course of the
river were studied. Sediment samples were collected from five sampling sites, namely Lamlong Thong (Site
1), Minuthong (Site 2), Sanjenthong (Site 3), Bamon leikai (Site 4) and Singjamei Leishangthem leikai (Site 5).
Organic carbon contents were determined using the Walkley-Black rapid back titration method. It varied
considerably in different seasons as well as between different sampling sites. Highest organic carbon was at
Site 3 (2.76%) in the winter season, whereas lowest was at Site 4 (1.29%) in the monsoon season. The highest
organic carbon at Site 3 may be attributed to large amount of organic matter released from the Sanjenthong
residential area and the cumulative effect of organic matter from municipal deposition in the upstream area.
There is no proper mechanism of waste disposal, as inhabitants dumped waste directly into the river. The
seasonal variation is also partly due to sedimentation of the dissolved and suspended particles found in the
river. Site 1 and Site 4 are kept comparatively cleaner. People cultivate crops and they do not dump wastes
into river as traditional dumping sites are properly maintained especially at site 1 and 4. Incidentally, lower
organic carbon values were recorded from these sites.
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INTRODUCTION

In aquatic environment, organic matter plays a piv-
otal role as it affects the biogeochemical and nutrient
cycling, biological availability, chemical transport and
other interactions (Niemirycz, 2006). Wetland acts as an
important carbon pool in terrestrial ecosystem (Cao et
al., 2017). The amount of organic carbon content in the
river sediment is not only due to natural sources but also
disposal of organic waste and various human induced
polluting activities. Such targeted actions altered the
organic carbon content in the rivers of the world. Glob-
ally, the total organic carbon transported by rivers is only
about 1-2% of the net primary productivity of any envi-
ronment (Meybeck, 1982).

The amount of carbon content in the soil differs ac-
cording to the places where the river flow, river course,

season of sample collection, pollution entering rivers. If
the pollution load contains high amount of organic mat-
ter, then it will lead to elevated levels of organic carbon
in the sediment. The concentration of organic carbon in
surface sediment is dependent on a number of factors
like sedimentary features, microbial decomposition
rates, productivity in water bodies and terrestrial based
input (Burone et al., 2003).

Variation of organic carbon in river sediment has
been studied by various workers such as Bin et al. (2011),
Gao et al. (2012), Paropkari (1979) in North Western
Continental shelf, India, Dinakaran and Krishnayya (2011)
in Mabhi river, India, Bouillon et al. (2003) in Gautami Go-
davari Estuary, India, Cao et al. (2015) in Northern Chi-
nese rivers, Li et al. (2017) in Yangtze river and Yellow
river, China, Burone et al. (2003) in Ubatuba Bay, Brazil.
Study of the seasonal variation of organic carbon in the
surface sediments of rivers is of prime importance to
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know the environmental condition. The main aim of this
study is to determine the organic carbon content in the
sediment of the Imphal River and to identify the major
sources of organic carbon inputs along the course of Im-
phal River.

MATERIALS AND METHODS

The present study was carried out on Imphal River,
Manipur. The study site map is presented in Figure 1.
Sediments samples were collected from five different
sampling sites namely; Site 1 — Lamlong Thong, Site 2 —
Minuthong, Site 3 — Sanjenthong, Site 4 — Bamon Leikai,
Site 5 — Singjamei Leisangthem Leikai. Collections of the
sediment sample were done from the five sampling sites
during the study period 2016 and 2017. The concentra-
tion of organic carbon is estimated using the method
describe by Walkley and Black (1934). Collected samples
are brought to the laboratory and kept in oven for dry-
ing. Organic carbon content in the sediments is dissolved
by using an active oxidising agent The reaction is assisted
by the heat generated when two volumes of sulphuric
acid are mixed with one volume of the potassium dichro-
mate. The remaining dichromate is titrated with ferrous
ammonium sulphate using diphenylamine Indicator.

RESULTS

The variation of the organic carbon in sediments of
Imphal River are presented in Table 1. In Site 1 (Lamlong
Thong) the organic carbon content ranges from 1.65%
(monsoon) to 1.95% (winter), while during summer sea-
son it is 1.71%. In Site 2 (Minuthong), the organic carbon
varied from 1.80% (monsoon) to 2.28% (winter) and
2.10% during summer; whereas in Site 3 (Sanjenthong)
the organic carbon varied between 2.04% (monsoon) to
2.76% (winter) and 2.67% during summer season. Ranges
of organic carbon content in Site 4 (Bamon Leikai) exhibit
lowest value of 1.29% during monsoon followed by
1.53% (summer) and highest value of 1.56% during win-
ter season. Similarly, in Site 5 (Singjamei Leisangthem
Leikai) highest organic carbon value of 2.22% was re-
corded in sample collected during winter season and
lowest values of 1.95% (monsoon) followed successively
by summer (2.13%). It can be clearly seen from Figure 2
that the organic carbon concentration of Imphal River
varied seasonally in different study site. The overall esti-
mated value of organic carbon is found highest in sam-
ples collected from Site 3 (2.76%) during winter season.
However, the lowest organic carbon content during the
entire study period is reported from Site 4 (1.29%) during
monsoon season.

DiscussION

The higher organic carbon content during the winter

season recorded in the present investigation may be at-
tributed to various factors. During winter season, there is
lesser rainfall and the depth of river decreases drasti-
cally. The flow of the river becomes steadier and gentle.
The garbage, domestic sewage and other solid wastes
thrown into the river cannot be carried further down-
stream due to slow flow rate of the river water. The dead
and decayed organic matter gets deposited in the river
sediment brought down from various places. This leads
to further accumulation of waste in a localised area. De-
composition of organic matter in sediment is an impor-
tant factor for higher organic carbon content (Rajasegar
et al., 2002). The rate of decomposition is higher during
the summer and winter season compare to monsoon. It
is evident from the findings that lower concentrations of
organic carbon were reported during the monsoon sea-
son as compared to winter and summer seasons. In a
study in some rivers of Manipur, higher organic carbon in
sediments during summer is reported by Singh and
Gupta (2015). During the monsoon season, due to surge
in rainfall there is increase in depth of the river. More-
over, increase volume of river water leads to rise in the
flow and volume of river water. All the waste from vari-
ous sources also flows into the river. Floods also occur
very frequently during the monsoon season. The deposits
in the river beds also run off along with the increased
velocity of water flow of the river. Additionally, lower
decomposition rate coupled with dilution due to increase
volume of river water may have led to lowest organic
carbon content during monsoon season.

The highest concentration of organic carbon reported
at Site 3 compared to other study sites may be attributed
to large amount of waste released from the Sanjenthong
residential area and also the growing effect of organic
matter from municipal deposition in the upstream area.
Lack of adequate mechanism for the disposal of waste
and dumping of generated waste directly into the river
by inhabitants of the area may have contributed to more
organic matter in the river. Moreover, the density of
population affects the organic carbon content. This is
evident in the Site 3, where the highest organic carbon
content is recorded from the densely populated area. It
is found that at Site 1 and Site 4 area, river basins are
kept comparatively cleaner. People living in the vicinity
of this two study sites cultivate crops on the floodplains
and they do not dump wastes directly into the river. They
also have properly maintained traditional dumping sites.
These may have led to lower organic carbon contents
reported from the above two sites.

CONCLUSION

Organic carbon concentration in the sediment of Im-
phal River varies considerably in the different seasons of
the study period. Highest organic carbon content is re-
corded from Site 3 during the winter season whereas the
lowest value is found in Site 4 in the monsoon season.
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Figure 1: Study site — map showing Imphal River, Manipur.

Table 1: Variation of organic carbon in Imphal River, Manipur.

Site Name of the Site Organic carbon content (%0)
Summer Winter Monsoon
Site 1 | Lamlong Thong 1.71 1.95 1.65
Site 2 | Minuthong 2.1 2.28 1.8
Site 3 | Sanjenthong 2.67 2.76 2.04
Site4 | Bamon Leikai 1.53 1.56 1.29
Site 5 | Singjamiei Leisangthem Leikai 2.13 2.22 1.95
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Figure 2: Seasonal variation of organic carbon in Imphal River, Manipur.

The seasonal variation of organic carbon may be partly
due to sedimentation of the dissolved and suspended
particles found in the river. Velocity of the flow of river is
also another factor that contributes to the variation of
the organic carbon seasonally. It can be seen that higher
velocity of river flow corresponds to lower organic car-
bon content of the river. It is evident from the result that
systematically maintained dumping sites along the river
reported reasonably lower organic carbon content as
compared to other sites.
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