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Abstract: A careful reading of Bonnail et al. (2019)’s work points out some issues in the description
of the Ganges River, e.g., describing it in a way that gives impression to the readers unfamiliar with
the Indian rivers that it flows by the national capital New Delhi, after reading “it receives inputs from
highly populated cities of India, including New Delhi and . . . ”. However, as a matter of fact, it is
not the Ganges, but the Yamuna River, a tributary of the Ganges, that passes through the National
Capital Region of Delhi. Moreover, authors identify the studied river as the Ganges, whereas it is
one of the distributaries of the Ganges called Hooghly (anglicized version of its local name Hugli).
They have referred to the seasonality of the studied river; however, the flow of the studied (Hooghly)
river is controlled by a barrage on the Ganges River. Moreover, Hooghly River receives input from its
own tributaries; viz., Mayurakshi and Damodar, flowing through highly mineralized and coaliferous
areas of Jharkhand state of India. Bonnail et al. (2019) have attributed the contamination of the river
sediments to anthropogenic activities alone, by not evaluating likely natural sources. A correction
factor for the underestimated total organic carbon (TOC) content obtained using Walkley-Black
method should have been applied before using TOC values for factor analysis to overcome the
underestimation issue with this method. This work intends to serve as a compendium, rather than a
critique, to otherwise commendable work by Bonnail et al. (2019).
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1. Introduction

Bonnail et al. [1] have studied the distribution and short-time variability in the recent sediments
near the mouth of the River Hooghly, a distributary of the Ganges River. However, the authors have
described the former as the Ganges River itself. This could be misleading for the readers unfamiliar
with the Indian rivers. This paper, as a compendium to Bonnail et al. (2019)’s work [1], intends to
make its readers familiar with the Ganges River, through a brief description of its numerous tributaries
and two major distributaries—Padma and Bhagirathi-Hooghly, the former being the main course of
the Ganges River following its bifurcation after Farakka in the Indian state of West Bengal [2]. On the
other hand, Bonnail et al. [1] describe the Ganges River as a seasonal river (incorrectly attributing
it to Coleman [3]). They also mention that it receives inputs from highly populated cities of India,
including New Delhi, which might mislead the readers about the river’s trajectory. This issue has been
addressed in this paper through a detailed description of the Ganges River Basin (Figure 1). Finally, an
observation has been made about potentially underestimated total organic carbon (TOC) content, to let
the readers correct the reported TOC values before using them for factor analysis.
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2. Ganges River

Although officially (by the Indian government institutions and agencies) as well as popularly
referred to as Ganga in Sanskrit, Hindi and other Indian languages (Figure 1), internationally it is
known as the Ganges [2,4]. All the major tributaries and distributaries are shown in the map of the
Ganges Basin, together with its sub-basins as insets (Figure 1). The Ganges River originates in the
Lower Himalayas and drains almost one-fourth of the Indian Territory (see the inset map of India,
Figure 1) spread over the Indian states of Uttarakhand, Uttar Pradesh, Bihar, and West Bengal [2].
Moreover, some of its tributaries drain the other five Indian states of Haryana, Rajasthan, Madhya
Pradesh, Jharkhand and Odisha (formerly known as Orissa) and National Capital Region that comprise
the entire National Capital Territory (NCT) of Delhi and several districts surrounding it from the
aforementioned states of Haryana, Uttar Pradesh and Rajasthan [2].
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Figure 1. Major tributaries of the Ganges River (Ganga) with its basin boundary, together with its
sub-basins and their location within the map of India as inset (Note: This map is drawn based on the
official map of the Irrigation and Water Resources Department of the Uttar Pradesh Government of
India for illustrative purposes only).

2.1. Ganges and Hooghly (Hugli)

After traversing a distance of about 3000 km and crossing the Indian states of Uttar Pradesh,
Bihar, Jharkhand and West Bengal, the Ganges Rivers bifurcates into Padma and Bhagirathi (namesake
of one of the headwaters of the Ganges in the Himalayas described in the next Section 2.2) rivers
shortly after Farakka (Figure 2) in Murshidabad District of West Bengal [4,5]. While the Padma River
flows SE through Bangladesh, and after meeting Jamuna and Meghna rivers, empties itself into the
Bay of Bengal, the other distributary, i.e., Bhagirathi River, flows within the Indian state of West
Bengal [2]. After meandering for about 150 km, it is joined by a tributary Jalangi, near Nabadwip [5].
After the confluence of the Bhagirathi and Jalangi, the Bhagirathi River is known as the Hooghly River,
which empties itself into the Bay of Bengal after passing through Kolkata and Diamond Harbour [6,7].
The complete stretch of Bhagirathi and Hooghly together is known as Bhagirathi-Hooghly River.
The lower reach of the Bhagirathi was named as Hooghly after the busy port town of Hugli, well-known
in the 16th and 17th centuries by the Portuguese settlers living on its banks [8].
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Moreover, water from the Ganges River is diverted by the Farakka Barrage through Farakka Feeder
Canal near the town of Tildanga in Malda district of West Bengal to the Bhagirathi River, and eventually
to the Hooghly River [5]. According to a World Bank commissioned study [9], Farakka Barrage was
constructed by the Government of India between 1961 and 1975 to ensure that the Bhagirathi-Hooghly
River would receive, however low the flow of the Ganges River may be, up to 40,000 cubic feet
per second (cusecs, about 1130 m3) of water diverted from the Ganges and the remaining 10,000 to
15,000 cusecs (about 280 to 425 m3) would be released to East Pakistan (now Bangladesh). For this, an
assumption was made that even in the driest season, 50,000 to 55,000 cusecs (about 1410 to 1560 m3) of
water would be available in the Ganges River at Farakka [9].
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Figure 2. Location of the Ganges and Hooghly rivers, together with that of the study area of Bonnail et
al. [1] in India, and confluence of the Ganges (Padma) and Brahmaputr (Jamuna) rivers to form Meghna
River in Bangladesh before flowing into the Bay of Bengal. Modified after Samanta and Dalai [10].

Bonnail et al. [1] have used the name Ganges for the studied river, although it is Hooghly (Hugli),
not the Ganges River itself. As evident from the description of these two rivers, after bifurcating
between Padma and Bhagirathi, the Ganger River loses its identity as the Ganges. Bonnail et al. [1]
have used the term “Hügli” just for the estuary (Hügli Estuary) that the Hooghly River forms before
emptying itself into the Bay of Bengal. It could be misleading for the readers unfamiliar with the rivers
in India, especially the Ganges Rivers and its numerous tributaries and distributaries.

2.2. Origin and Trajectory of the Ganges River

The origin of the Ganges River is popularly referred to as Gangotri (a Sanskrit word meaning
“origin of Ganga”, referring to the origin of the Ganges River), a glacier at about 3000 m above sea
level in the mountainous region of northern Indian state of Uttarakhand [2]. However, it is Bhagirathi
that originates from a subglacial meltwater cave at the base of the Himalayan glacier Gangotri [2].
Bhagirathi, together with Alaknanda, form the Ganges River; whereas Dhauliganga, Nandakini,
Pindar and Mandakini are the tributaries of Alaknanda [2]. Alaknanda River originates about 50 km
north of Nanda Devi, a Himalayan peak [2], and unites with the Bhagirathi River at Devaprayag to
form the main stream known as the Ganges River, which flows southwestward through the Siwalik
Range (Outer Himalayas) mountains at Rishikesh (Uttrakhand) and flows onto the plain at Haridwar
(Uttrakhand) [2].

After flowing through the Indian states of Uttar Pradesh and Bihar, and being joined by several
tributaries (Figure 1), the Ganges River passes through the Rajmahal Hills (Figure 3) in the Jharkhand
state of India to the south and flows southeast to Farakka in the West Bengal state of India, at the apex
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of its delta, where the Ganges River bifurcates [2,4,6]. Padma, one of the two streams formed as a result
the bifurcation of the Ganges River, flows into Bangladesh and is joined by the Mahananda River from
the north. It is worth mentioning that in West Bengal (India), as well as in Bangladesh, the Ganges is
known as Padma in local (Bengali) literature [11]. The westernmost distributary of the Ganges delta is
the Bhagirathi-Hooghly (Hugli) River, on the eastern bank of which the metropolitan city of Kolkata
(identified by its old name Calcutta by Bonnail et al. [1]) is located. The Bhagirathi-Hugli River itself is
joined by several tributaries, flowing in from the west, viz. Mayurakshi, Ajay, Damodar and Kasai
(Figure 3) [2,4,6]. In Bangladesh, a number of distributaries branch off from Padma River to the south
to form the river’s vast delta. In Bangladesh, the Ganges (Padma) River is joined by the Jamuna River
(which in its upper reaches in Tibetan Autonomous region of China is known as Yarlung Tsangpo
River and is known as Brahmaputra in India, where it flows through the plains in the Indian states
of Arunachal Pradesh and Assam) [2,4,6]. The combined stream, there called the Padma, joins with
the Meghna River [2,4,6]. The waters then flow through the delta region to the Bay of Bengal via
innumerable channels, the largest of which is known as the Meghna Estuary [2,4,6].
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Figure 3. (a) Bifurcation of the Ganges River near Farakka into Padma and Bhagirathi-Hooghly, together
with the location of their principal tributaries and distributaries; (b) Location of Farakka Barrage and
Farakka Feeder Canal that diverts water of the Ganges to the Bhagirathi River. Modified after Parua [7].

One of its principal tributaries of the Ganges, the Yamuna River flows through the National
Capital Region (where that national capital New Delhi is located) and then roughly parallels the
southeastward flow of the Ganges River before joining it near Allahabad [2], which has been recently
officially renamed as Prayag Raj. Bonnail et al. [1] mentioned that the Ganges River receives inputs
from highly populated cities of India, including New Delhi. This might mislead the readers about
the Ganges River’s trajectory in the absence of a proper description of the river and its tributaries.
The readers may consider the city of New Delhi to be located on the banks of the Ganges River, whereas
it is the Yamuna River. At most, the Ganges River may receive indirect inputs from New Delhi through
its tributary Yamuna, which has its own tributaries.
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2.3. Seasonal Variation of the Ganges River

Bonnail et al. [1] attribute to Coleman [3] that the Ganges is a highly seasonal river with 80% of
discharge occurring during the 4 months (July to October) of Southwest Indian monsoon. However,
Coleman [3] does not say so about the Ganges River in any part of his work on channel processes and
sedimentation in the Brahmaputra River. However, as described in Section 2.1 Ganges and Hooghly
(Hugli), water flow in the Hooghly River, which Bonnail et al. [1] have referred to as the Ganges itself,
is controlled through the Farakka Barrage to ensure a certain amount of flow to always keep the river
navigable throughout the year [4–9]. Consequently, seasonality is not a factor applicable to the studied
(Hooghly) river, as the water flow in the river is artificially well regulated.

Nevertheless, with regards to the Ganges River per se, it is important to highlight the difference
between “(highly) seasonal river” (the term used by Bonnail et al. [1] and “seasonal variation or
fluctuation” of a river. According to Middleton [12], seasonal or intermittent rivers have water flowing
in them in particular seasons and may be located in regions with a severe winter in which river
water completely freezes or in regions with a distinct wet season. According to the United States
Environmental Protection Agency (EPA), seasonal or intermittent rivers flow during certain times
of the year, when smaller upstream waters (headwaters) are flowing and when groundwater (base
flow) provides enough water for stream flow. As a result, during dry periods, seasonal streams may
not have flowing surface water; and for the same reason, larger seasonal streams are more common
in dry areas [13]. None of the aforementioned definitions of seasonal river fit for the Ganges River,
which has water throughout the year from the snowmelt from its headwaters, numerous tributaries
and the monsoon rains. On the other hand, Haines et al. [14] proposed a classification of seasonal flow
regimes of the rivers, based on cluster analysis of the monthly mean flows expressed as percentages
of the mean annual flow. According to this classification, “Group 7— Extreme late summer” of the
total 15 groups is the typical ‘monsoonal’ flow regime found only in the tropics, wherein almost all the
members of this group derive their flow from intense late summer rainfall with over 50% of the flow
occurring in the peak 3-month period, which is influenced by the snow melt to a certain extent.

For most of its course, the Ganges River has a wide and sluggish stream, because of its sediment
load [2,4,6]. The volume of the Ganges River increases markedly as it receives more tributaries and
enters a region of heavier rainfall during the monsoon, and as a result shows marked seasonal variation
in flow. During summer, from April to June, the melting of the Himalayan snows in the headwaters
region feeds the Ganges River [2]. During the rainy season, from July to September, monsoon rains
cause flooding in the Ganges River and its tributaries [2]. During winter, October to March, the Ganges
River’s flow declines [2]. Although water flow in the Ganges River shows seasonal variation of the
Group 7 of Haines et al. [14], it should not be labeled as a (highly) season river, considering the
definition(s) of a seasonal river [12,13], as it could be misleading for the readers.

Finally, citing Intergovernmental Panel on Climate Change (IPCC) report [15] that the Himalayan
glaciers are receding rapidly and many could melt entirely by 2035, some authors [16,17] warned
that if the Gangotri Glacier, which supplies 70% of the water flow of the Ganges River through its
headwaters (see Section 2.2) during the summer season, melts by 2030–35, it would become a seasonal
river within decades, flowing only during the rainy (monsoon) season. However, other workers [18,19]
have refuted this assertion, considering that the impacts of such changes are likely to be minimal for
the overall discharge of the Ganges River, as an increase in rainfall in the headwater regions predicated
through various meteorological studies [20–22] may instead lead to increased flows but with greater
variability. Thus, there is no likelihood that even in the foreseeable future, the Ganges River will
become a seasonal river.

3. Materials and Methods

In this section, Bonnail et al. [1] do not specify the kind of tube (material, dimensions, etc.)
used for the sediment sampling in the Sample Collection subsection. To determine the total organic
carbon (TOC), they used the titration method described by Walkley-Black [23]. Fernandes et al. [24]
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have demonstrated that Walkley-Black (WB) method underestimates the TOC contents of the humic
fractions, which was associated with the partial oxidation of the humic fraction. On the other hand,
the same authors [24] got better results on using external heating. Although dry combustion (DC)
carbon dioxide (CO2) is an accurate method to measure TOC, it is a rather expensive one. However,
to overcome this problem, a correction factor (ranging from 1.26 and 1.47) has been devised for the
values obtained from an economic WB method by various authors [25–30]. Bonnail et al. [1] could
have overcome the issue of TOC underestimation by WB method by multiplying the obtained values
by the recommended correction factor of 1.30 [26,27]. This correction is important, as Bonnail et al. [1]
in their factor analysis found the principal factor (F1), accounting for 30.54% of the total variance, and
attributed it to the relationship between the metal distribution of Co, Zn, Pb, and Cu associated with
the concentration of TOC, and it is one of the main conclusions of their work.

Finally, it is important to mention that Bhagirathi-Hooghly River also receives input from its
tributaries; viz., Mayurakshi, Ajay, Damodar and Kasai, flowing through highly mineralized and
coaliferous areas of Chhotanagpur (also spelled as Chota Nagpur) Plateau, located mostly in Jharkhand
and partly in Odisha [2]. By attributing the contamination of the river water only to anthropogenic
activities, the authors completely neglect geogenic contamination. The references [31–33] that Bonnail
et al. [1] have cited for the contamination of the Ganges River only through anthropogenic activities are
for its section in the Indian state of Uttar Pradesh between Kanpur and Mirzapur. Also, the metropolitan
city of Kolkata, through which the Hooghly River flows, is referred to by its old name, Calcutta;
although the city was renamed back in 2001 [34].

4. Conclusions

Bonnail et al. [1] describe the Ganges River as a seasonal river and are also incorrect about
its trajectory, which envisages proving correct information about the Ganges River to the readers,
which has been presented here. Also a tributary of the Ganges River, Hooghly or Hugli (subject of
the study) has been presented as the Ganges River itself, which is quite misleading especially for the
readers unfamiliar about Indian geography. The authors have attributed the contamination of the river
water to anthropogenic activities, completely neglecting geogenic contamination contributed to by
several tributaries of Hugli River, which pass through highly mineralized and coaliferous areas. Lastly,
it is important to use a correction factor for the underestimated total organic carbon (TOC) content
obtained from Walkley-Black method before using TOC values for factor analysis.
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