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Abstract 
 

Dissolved arsenic concentrations in the Ganges, Brahmaputra Rivers and confluence of 
these two rivers show important seasonal variations and maximum arsenic concentrations 
are observed during the monsoon season (July–October). These seasonal variations of 
dissolved arsenic concentrations were closely related to intense river-water discharge during 
the monsoon season with high arsenic-rich suspended particulate matter (SPM) loads. These 
arsenic-rich SPM mainly are primarily originated from erosion of agricultural land in 
upstream region irrigated with arsenic contaminated shallow groundwater and to some 
extent weathering of bed rocks. Considerable amount of iron and manganese enriched SPM 
adsorbs arsenic and increased water temperature in the summer accelerates microbially-
mediated reduction of arsenic (V) to more soluble arsenic (III). Additionally, dissolution of 
solid arsenic-bearing mineral phases also attributes to high arsenic concentrations in water 
and causes seasonal variations. It is realized that the SPM of these two major rivers 
primarily controls the arsenic inputs into the Ganges-Brahmaputra-Meghna delta system. 
The cycling of arsenic in this delta is related to the monsoon seasonal dynamics, land use 
patterns and biogeochemical processes. 
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Arsenic is one of the most hazardous metalloids that is ubiquitously present in the 
environment. High concentrations of arsenic in groundwater have been reported 
worldwide from several countries including Bangladesh, India, Nepal, China, Argentina, 
Japan, Vietnam and some parts of the United States [1- 6]. Arsenic contaminates not only 
groundwater but also agricultural crops and vegetables [5, 6] through arsenic-enriched 
irrigation water [7]. Chronic arsenic poisoning can cause serious public health problem 
including melanosis, hyperkeratosis, restrictive lung disease, gangrene, hypertension, 
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cancers, and peripheral vascular disease [8], and densely populated country like 
Bangladesh is very much susceptible to these detrimental health impacts from arsenic.  

River sediments play an important role in the mobilization of arsenic and other metals 
in aquatic environments by acting as both source and sink. The primary sources of natural, 
geogenic arsenic as well as other metals into the aquatic system are weathering of soils 
and rocks and anthropogenic sources [9, 10]. Arsenic can be either adsorbed onto 
sediments or accumulated in benthic organism, sometimes to toxic levels. Different 
arsenic species are distributed between the aqueous phases and the suspended sediments 
during their transport. The soil phase of arsenic in sediments is not expected to present 
any direct danger to public health as arsenic is immobilized due to encapsulation. Riverine 
suspended loads and sediments have important function of buffering arsenic and other 
heavy metal concentrations particularly by adsorption or precipitation [11].  

The Ganges-Brahmaputra-Meghna (GBM) delta system is one of the geochemically 
youngest and tectonically active river basins in the world [12, 13]. More than 86% of the 
basin is composed of recent floodplain deposits where the density of population ranges 
from 400 to over 1200 people /km2 [14]. Arsenic can be concentrated in sediments of 
upper catchments of major rivers such as the Rajmahal Hills besides the Ganges River, 
and the tertiary sediments in the Meghna River catchments contain small amount of 
arsenic [15]. Darjeeling Himalayan sediments (isolated outcrops of sulfides) can contain 
substantial amount of solid arsenic [15] and sediments in the Nepalese Terai plains also 
contain significant amount of arsenic (10.20–25.20 mg/kg) [16]. Long-term weather of 
these source sediments can further enrich arsenic concentrations by accumulating arsenic 
in fine grain sediments. This pre-concentrated arsenic can then be mobilized from 
sediments (solid phase) to groundwater, depending on the physical and biogeochemical 
factors in the deltaic environments [17]. 

Although it is postulated that these sediments carried by the GBM river system (Fig. 1) 
responsible for the widespread arsenic contamination of alluvial aquifers in Bangladesh 
[17-19], little is known on seasonal variation of arsenic concentrations in suspended 
sediment loads and river-bed sediments in the Rivers Ganges and Brahmaputra, and their 
confluence areas. Only a few studies have demonstrated that arsenic in suspended loads 
and river-bed sediments can be treated as important indicators of the variability in arsenic 
(or other metals) contamination in hydrological systems [17]. However, no systematic 
study has been conducted on these rivers to assess the distribution of arsenic and other 
metals (e.g., Fe, Mn and Al) in river sediments and suspended particulate matter. This 
study monitors and reports the seasonal distribution of arsenic in river water, and 
sediments in the Rivers Ganges and Brahmaputra to understand the mobilization and 
ecotoxicological potentials of arsenic in the Bengal Basin.  
 

 
2. Materials and methods 
 
2.1 Sampling 
 
River water samples were collected from three sites namely Daulatdia Ghat (23⁰46'41"N 
& 89⁰47'12"E, Ganges River), Aricha ghat (23⁰50'16"N & 89⁰46'46"E, Brahmaputra 
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River) and Paturia ferry ghat (23⁰47'02"N & 89⁰48'23"E, confluence of Rivers Ganges 
and Brahmaputra  or G-B confluence), (Fig.1). Bangladesh Water Development Board 
(BWDB) provided the river discharge data for the Rivers Ganges and Brahmaputra and G-
B confluence for the observation period of January 2008 to December 2008). Water and 
suspended particulate matter (SPM) were collected each month in 2008. Six liters water 
samples were filtered immediately and collected in pre-washed polyethylene bottles. 
Samples were acidified using ultra pure HNO3 to bring the pH down to ~1 and stored in a 
dark place at 4°C before analysis. After filtration of six liters sample water, remaining 
(defined SPM) on filter papers in varying amount (grams to several milligram) were 
collected and preserved for trace element analyses.  

Physicochemical parameters of river water were measured in-situ at a monthly 
frequency. Temperature and conductivity were measured using a mercury thermometer 
and a conductivity meter (Model No. HI 8033, HANNA instruments) respectively; pH and 
dissolved oxygen (DO) concentrations were recorded by a HANNA pH meter (Model No. 
S357056) and Microprocessor Auto Cal Dissolved Oxygen Meter (Model No. HI 9143, 
HANNA instruments) respectively. Total Dissolved Solids (TDS) were measured using a 
TDS meter (Model No. HI 8734, HANNA instruments). 
 
2.2. Analyses 
 
Representative sub samples (30 mg of dry, powdered and homogenized material) were 
digested using 225 µl HNO3 (analytical grade) and 75µl HClO4 (analytical grade) in open 
Teflon beaker with the aid of sand bath at 120⁰C. Care was taken to avoid dryness of the 
solution, and after achieving complete cooling the digested solution was brought to 25 ml 
using ultra-pure water. Blank samples were also prepared during digestion for the 
background correction. Due to very low concentration of dissolved arsenic in river water, 
it was necessary to pre-concentrate the samples. Initially, we took 500 ml of water in 800 
ml clean beaker, added 10 ml concentrated HNO3 and then covered the beaker with a 
clean glass and let the water evaporated on a sand bath at 100-120⁰C until the volume of 
water in beaker came to approximately 15 ml. We then added to the reduced 15 ml 
solution another 5 ml HNO3 and 2.5 ml HClO4 and then evaporated in the similar way 
using a temperature of almost 200⁰C until the volume of solution reduced down to 5 ml. 
Then we filtered the solution into a 25-ml volumetric flask and made to the mark with 
ultra-pure water. Arsenic and iron concentrations in these digested solutions were 
measured using an Atomic Absorption Spectrophotometer (AAS, AA-6800, Shimadzu). 
The analytical methods employed here were checked for quality by repeated three times 
for each analysis. Furthermore, randomly selected samples (10% of the total sample) were 
analyzed by the same procedure using AAS for quality control.  
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Fig.1. Maps showing the location of the study site and 3 sampling locations in the Rivers Ganges, 
Brahmaputra and their confluence area. 
 

3. Results 
 
SPM concentrations varied from 0.4 mg l-1 to 900 mg l-1 and 5 mg l-1 to 400 mg l-1 in 
Ganges and Brahmaputra River respectively. In the G-B confluence, SPM concentrations 
were much less variable, showing range from 20 mg l-1 to 400 mg l-1 (Table 1 and Fig. 2). 

In the surface water of Ganges River, Brahmaputra River and G-B confluence, TDS, 
electrical conductivity (EC) and temperature varied during the observation periods (Table 
1). The pH and DO (Dissolved Oxygen) values were almost similar in the Ganges and 
Brahmaputra Rivers as well as in G-B confluence (Table 1) during the entire observation 
period and values were approximately 8.0 and 7.0 mg l-1 respectively. For the Ganges, the 
Brahmaputra River and their confluence, TDS values varied from 121 to 261, 75 to 121 
and 80 to 128.5 mg l-1 respectively. EC values varied from 238 to 495, 121 to 260 and 155 
to 270 µS cm-1 for Ganges, Brahmaputra and G-B confluence respectively. Water 
temperature showed strong seasonal variations in the studied rivers with minimum values 
in winter (December to February) (22 °C) and maximum values in summer (April to 
October) (30 °C).  
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Table 1. Statistics (mean, min: minimum, max: maximum) of physicochemical parameters, arsenic 
concentrations both in dissolved and particulate form and SPM in respective river.  
 

 
SPM  

(mg l-1) 
As (diss.) 

(ng l-1) 
As (part.) 
(mg kg-1) pH Temp 

(°C) 
TDS  

(mg l-1) 
EC 

 (µS cm-1) 
DO  

(mg l-1) 

Ganges         

mean 293.4 1300 1.5 8.1 26.7 193.3 371.4  6.74 

min 0.4 200 0.28 8.0 22.05 121 238  5.95 

max 900 4000 3.39 8.2 30.0 261 495 7.5 

Brahmaputra         

mean 143.4 908.3 3.02 8.05 26.6 101.8 200.8  6.63 

min 5 300 0.24 8.0 23.5 75 121 6.1 

max 400 3000 11.1 8.2 29.5 121 260 7.5 

Confluence         

mean 168.3 891.7 1.5 8.07 26.8 101.3 202.75 6.6 

min 20 BDL 0.38 8.0 23.0 80 155 6.0 

max 400 4000 2.69 8.1 29.5 128.5 270 7.0 
 

BDL: Below detection limit (according the operation manual the minimum detection limit was 1.4  
ppb for arsenic in water).  

     
 

 Dissolved arsenic concentrations showed strong seasonal variations in three study 
sites (Fig. 2). Generally, maximum dissolved arsenic values were measured during July to 
October (Fig. 2) whereas dissolved arsenic concentrations were at their minimum 
concentrations from January to June. In these three sites maximum dissolved arsenic 
concentrations were ~4000 ng l-1 and minimum values were around 200 ng l-1 except the 
confluence where minimum value was the below detection limit (BDL) (Table 1).  

On the other hand, particulate arsenic concentrations typically varied from 0.28 to 3.39 
mg kg-1 (Fig. 2; Table 1) for Ganges River. However, from January to December, 
particulate arsenic concentrations varied from 0.24 to 11.1 mg kg-1; Fig. 2) in 
Brahmaputra River and from 0.38 to 2.69 mg kg-1; Fig. 2) for the confluence. In Ganges 
River, particulate arsenic concentration showed distinct seasonal or discharge-related 
variations whereas Brahmaputra River and the confluence did not show these types of 
variations. 
 
4. Discussion 
 
During January to December, the particulate arsenic concentrations showed the following 
order: Brahmaputra River > Ganges River > G-B confluence (Fig. 2 and Table 1). But 
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dissolved arsenic concentrations were different from the concentration order observed in 
particulate arsenic concentrations and dissolved arsenic concentration is higher in Ganges 
River compared to Brahmaputra River and G-B confluence. Other researchers such as 
Acharyya et al. [15] and BGS / DPHE reports [20] investigated that among GBM river 
basins, Brahmaputra floodplain is less arsenic contaminated whereas Ganges and Meghna 
Rivers floodplains are moderately affected and the most polluted area is the Ganges-
Meghna delta mouth that means Brahmaputra River carries less arsenic compare to 
Ganges River. Present work found that particulate and dissolved arsenic concentrations 
were in higher values for Brahmaputra and Ganges Rivers respectively. Other parameters 
(discussed in the following section) responsible for dissolving arsenic from solid carrier 
phase to aqueous environment may be favorable in Ganges River compare to Brahmaputra 
River which ultimately is causing higher dissolved arsenic concentrations, not particulate 
arsenic concentration in Ganges River than Brahmaputra River. Moreover, Brahmaputra 
River passes through a long distance until it joins with Ganges and this different in 
courses may be responsible to reduced concentration of arsenic in this river system.  

In Ganges, Brahmaputra and G-B confluence, dissolved arsenic concentrations showed 
strong seasonal variations (Fig. 2), minimum and maximum arsenic concentrations 
occurring in January-June and July-October, respectively. Such cyclic variations of 
arsenic were reported for other rivers around the world, e.g., Seine River, [21]; Waikato 
River, [22] and Po River, [23]. Sometimes dissolved arsenic concentrations may be 
affected by dilution [17] and hence high particulate arsenic concentrations observed in 
Brahmaputra and  G-B confluence, not in Ganges, from February to March (Bangladeshi 
rivers carry little amount of water during the dry period), but in these three sampling 
stations dissolved arsenic concentrations reached low values in the winter (Fig. 2). The 
highest dissolved arsenic concentrations observed in these three sites may be due to high 
discharge rates during the monsoon (rainy) season. During high water discharge, the 
contribution to suspended sediments most probably originates from erosion and 
weathering processes of bed sediments and bank scour [24] which results in fluvial 
transport and sedimentation of arsenic-enriched metal hydroxides especially iron oxy-
hydroxides [25]. 
 

The Ganges 
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The Brahmaputra 

  
 

Confluence of the Ganges and the Brahmaputra 

  
 
Fig. 2. Water discharges (m3s-1), SPM concentrations (mg l-1), dissolved As concentrations (ng l-1) 
and particulate As concentrations (mg kg-1) in the Ganges, the Brahmaputra and their confluence 
(January-December). 
       

It is also found that rice production in Bangladesh has more than doubled over the past 
three decades [26], mainly owing to increasing cultivation of dry-season rice (boro), 
which requires intense irrigation [27]. Irrigation with arsenic-rich groundwater can lead to 
heterogeneous arsenic input in soils, affecting badly the top few centimeters [28]. 
Groundwater from shallow aquifers, often high in arsenic, is predominantly used for 
irrigation. An estimated 1360 tons of arsenic are added to arable soils in Bangladesh [29]. 
Bangladesh is a monsoon flooded country and introduction of high amount of arsenic in 
agricultural lands mostly occurs during the irrigation period but decreases over the 
monsoon season [28]. This signature is clearly shown in Roberts et al. [7], who found that 
as floodwater recedes (floodwater arsenic concentrations were highest close to soil surface 
and they ranged from 40 to 120 µg l-1), arsenic concentrations in agricultural land reduce 
sharply and arsenic in floodwater finally gets transferred to the river. However, along the 
Rivers Ganges and Brahmaputra agricultural practice with groundwater-fed irrigation is 
intense during the dry season and irrigation water mainly comes from arsenic affected 
shallow aquifers. So enrichment of arsenic concentrations occurs in agricultural land 
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during dry season. Thus arsenic sorption to suspended river sediment [30] and sediment 
deposition further downstream may lead to arsenic redistribution with in some flooded 
areas of in Bangladesh.  
      Suspended sediments are comparatively fine and could adsorb more arsenic, but in 
river, it becomes more complicated due to the presence of metal oxides and hydroxides. 
The transport system of particles from upstream to downstream of the GBM Rivers 
system enables the growth of Mn and Fe oxy(hydr) oxides on their surfaces in an oxic 
environment while suspended particles act as trace metal carriers. Sullivan and Aller [31] 
suggested that reactive phases are relatively enriched in arsenic compared to the mean 
material or arsenic is preferentially lost before Fe(2) from the leachable component of the 
solid. Arsenic enrichment does not follow the enrichment mechanism of Mn and other 
transition metals (Zn, Ni, Cr, Co) but its behavior is quite similar to that of iron [32] and is 
hosted by the insoluble residual phase of the suspended matter matrix. Suspended 
particulate matters of the three study areas contain considerable amount of iron and 
manganese (Table 2).  
 
Table 2. Concentrations of Fe, Mn (%) and particulate As (mg/kg) in SPM in the study sites, from 
January 2008 to December 2008. 
 
Study Station  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Ganges As 1.03 1.73 0.7 0.28 0.325 0.37 2.8 1.19 2.5 1.9 3.39 0.61 

Fe 1.19 1.65 0.12 0.07 0.05 0.06 0.48 0.69 0.52 0.2 0.74 0.09 

Mn 0.03 0.07 0.01 0.01 0.08 0.007 0.03 0.01 0.02 0.03 0.04 0.01 

Brahmaputra  As 1.02 9.23 11.1 0.5 0.37 0.24 1.63 3.72 3.5 3.2 0.99 0.78 

Fe 1.39 0.6 1.66 0.7 0.6 0.91 0.4 0.73 0.89 1.9 0.16 0.13 

Mn 0.01 0.004 0.04 0.02 0.03 0.01 0.03 0.02 0.02 0.03 0.02 0.01 

Confluence  As 0.49 2.69 1.1 0.38 1.24 2.1 1.78 0.77 2.2 2.3 0.82 1.39 

Fe  1.37 1.12 0.18 1.1 1.3 0.68 0.5 0.28 0.35 0.4 0.13 0.58 

Mn 0.02 0.01 0.02 0.01 0.02 0.03 0.02 0.03 0.03 0.02 0.02 0.02 

 
Except for discharge, water temperature is another measured parameter related to 

greater dissolved arsenic concentrations in Ganges, Brahmaputra and G-B confluence 
(Table 1). Some bacteria are capable of reducing arsenic (V) species to arsenic (III) 
species [22, 23, 33, 34]. As the arsenic (III) species are less particle reactive and, thus, 
more mobile than the arsenic (V) species [35-37], bacterial arsenic reduction may increase 
the dissolved arsenic concentrations in water [22, 38]. These processes generally depend 
on microbial activity and typically occur when water temperature is high [23, 39]. In these 
three stations water temperatures are reasonably high during the summer months 
suggesting that in the study sites, water temperature may partly control arsenic 
distribution and speciation. Smedley and Kinniburgh [4] also reported significant seasonal 
variations in the relative concentrations of arsenic (III) and arsenic (V) as well as absolute 
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concentrations of arsenic according to changes in input sources, redox conditions and 
biological activity.  

Several studies showed that pH may also influence trace element mobility in rivers by 
controlling sorption process [40-42]. However, in Ganges, Brahmaputra and G-B 
confluence, neither seasonal variations in pH (Table 1) nor clear relationships between 
dissolved arsenic concentrations and pH were observed. 
 
5.  Conclusions 
 
Our study reveals that dissolved and particulate arsenic concentrations in Ganges, 
Brahmaputra and G-B confluence are found high during the monsoon period. Maximum 
concentrations of dissolved arsenic and particulate arsenic in these three sites are 4000 ng 
l-1 and 11.1 mg kg-1 respectively.  High river-water discharges (maximum is 89,105 m3 s-1) 
along with significant amount of suspended particulate matter (SPM) (maximum 
concentration of 900 mg l-1) originated mainly from the seasonal erosion of agricultural 
land during monsoon season are responsible for the variation in arsenic concentration. 
High temperature (maximum is 30⁰C) during the summer which enhances the biological 
activity through microbial reduction of As (V) to less particle active As (III) species in 
water is also attributed to the seasonal variation in arsenic concentrations in river waters. 
Nevertheless, all dissolved arsenic concentrations measured in Ganges and Brahmaputra 
Rivers during the one year observation were lower than the permissible limit for drinking 
water. However, substantial amount of dissolved and particulate arsenic might be 
deposited in the GBM delta through these river systems and may cause arsenic enrichment 
in shallow aquifers mainly in southern Bangladesh.     
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