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Abstract

The geochemical analysis of the shallow aquifer sediments of the area of investigation reveals that they are acidic in nature.
The mean electrical conductivity of the deposits is 1.16 dS/m that indicates very low or negligible effects of salinity of the
sediments of the Rangpur division. The median values of the concentrations of total organic carbon, total nitrogen and sulphur
are 0.20%, 0.02% and 58.68 mg/kg, respectively. The trend of the average heavy metal concentrations of the investigated area
can be shown as Fe > As> Cu>Zn. The average concentrations of arsenic of the sediments of the study area are 3.52 mg/kg.
Sulphur is significantly, positively correlated with copper and zinc (p < 0.05) and insignificantly and positively correlated with
arsenic content of the sediments that indicates that the copper and zinc occur as sulphide minerals. The mean concentrations
of arsenic in the groundwater are 1.1793 pg/L. The concentration of all the water samples is below the permissible limit of
World Health Organization (10 pg/L). The arsenic content of groundwater shows the positive correlations with the arsenic,
iron and copper concentrations of the sediments. This implies that the arsenic of groundwater derived from the geogenic
source, like the dissolution of arsenic bearing minerals of the aquifer sediments—pyrite and arsenopyrite. The acidic nature,
texture and minor quantities of total organic carbon are the factors that also influence the low arsenic enrichment in the
investigated sediments and its release to the groundwater. The contemporary arsenic specification research works showed
that As(III) the most common species in natural water and foodstuffs and the arsenic is inorganic from source in Bangladesh.
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Introduction nature of arsenic ions (Sakala et al. 2011). Insoluble arsenic
sulphides are oxidized through the As-bearing rock weather-

Arsenic is a trace element. It means that arsenic concentra- ing, and thus, arsenites and arsenates are formed. Arsenic

tion exceeding the trace concentration limit in the environ-
ment may lead to toxic effects (Reza et al. 2010a; Sakala
et al. 2011). The consumption of arsenic contaminated water
can cause diabetes, black foot, skin cancer, gangrene, anuria,
hyperpigmentation and other diseases (Awual et al. 2019;
Moni et al. 2019; Li et al. 2010; Hughes 2002; Guo et al.
2007; Lai et al. 1994). The heavy metal arsenic is exten-
sively spread in the atmosphere, marine and non-marine
biota, plants, rocks, soils and hydrosphere (Rahman et al.
2019). The geochemical properties of arsenic are very com-
plex as it naturally occurs various chemical alterations of
arsenic in the environment, resulting from the amphoteric
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naturally occurs in the form of arsenates in the aerated sedi-
ments of the vadose zone, and nevertheless, another oxida-
tion state (arsenites) may also occur under redox conditions
(Cullen and Reimer 1989).

Arsenic is a significant contaminant of sediments,
groundwater and soils in many parts of the planet earth. The
world’s most serious arsenic contamination issues concern
the contamination of potable water in the sedimentary aqui-
fers, especially in South East Asia (Bangladesh and West
Bengal, India, Vietnam), Mexico, Argentina and the Great
Hungarian Plains (Smedley and Kinniburgh 2002; Anawar
et al. 2002; RoyChowdhury et al. 2002; Reza et al. 2011;
Reza and Jean 2012; Liu et al. 2012; Hasan et al. 2020). The
groundwater aquifers in various districts of Bangladesh have
high arsenic concentrations (Rahman et al. 2018). The high
levels of As in groundwater put Bangladesh under potential
health hazard (Islam et al. 2017, 2018; Moni et al. 2019).
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Arsenic invades into the human food chain by the potable
water and the food crops through the irrigation of As-con-
taminated water and soil (Reza and Jean 2012; Roychowd-
hury et al. 2005; Moni et al. 2019). The mean arsenic con-
centration of igneous and sedimentary rocks is 2 mg kg™!. In
most rocks, the heavy metal arsenic content fluctuates from
0.5 to 2.5 mg kg~! (Mandal and Suzuki 2002), although
higher amounts were reported from clayey or argillaceous
sediments and phosphorites. The mean arsenic concentra-
tion in European topsoil is 7.0 mg kg~! (Stafilov et al. 2010;
Sakala et al. 2011).

The Tista River is a braided river of Bangladesh which
carries enormous amounts of sediment load. Teesta Kangse
glacier is the source point of the Tista river that is situated
7,068 m above the mean sea level and flows towards the
south through gorges and rapids in the Sikkim Himalaya,
India (Meetei et al. 2007; Wiejaczka et al. 2014). A huge
number of tributaries and distributaries nourished the Tista
River. The total length of the Tista River is 309 km or 192
miles. The Tista river basin covers an area of 12,540 km?.
Precipitation, melting glacier and snow and groundwater
provide the water to the Tista river (Mukhopadhyay 1982).
Eventually, it drains into the Brahmaputra River in Bangla-
desh (Fig. 1). Trivalent arsenic is reported as one of the most
injurious components in water, and the toxicity of As(IIl) is
sixty times greater than pentavalent arsenic or organic arse-
nic compounds (Jena and Raj 2008; Rahman et al. 2018).
The present research aims to show the total arsenic content
of the studies aquifer sediments and its spatial distribution.

Tectonically the investigated area located in the Rangpur
Saddle. The deposits of active and older floodplain sedi-
ments of the Tista river constitute the shallow aquifer of the
studied area. The stratigraphic succession of Rangpur saddle
is shown in Table 1.

The main aims of the present research work are to deter-
mine the concentration of arsenic in the sedimentary depos-
its of the active floodplains of the Tista River and to ascer-
tain the sources of arsenic in the study area.

Materials and methods

A detailed fieldwork was carried in 2014. To analyse the
chemical composition of water 100 millilitre (mL), poly-
thene sample bottles were filled from tubewell. The water
samples were acidified with required amounts of ultrapure
nitric acid (HNO;) for cation analysis. The sediment speci-
mens were collected in polythene bags and preserved in the
laboratory for chemical analyses. The sediment samples
were first air-dried, dried afterwards in a thermostatically
controlled oven at 105°C for overnight to remove the mois-
ture and taken for different physico-chemical analysis.
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Determination of sediment pH

Ten grams of air-dried sediment sample were taken into a
100 mL plastic beaker, and 20 mL of distilled water was
added for the pH measurements (Jackson 1973; Jaiswal
2011). The mixture was stirred for 10 min on a reciprocal
shaker and left to stand for 30 min. The mixture was shaken
again for 2 min, and the pH of the suspension was read using
a pH metre

Determination of sediment electrical conductance

The electrical conductance (EC) of sediment is applied to
express the salinity status of the sediments (Rhoades and
Corwin 1990). Air-dried sediment specimen was measure
with the aid of an electrical balance and was taken into a
150 mL plastic beaker, and afterwards, 50 mL of distilled
water was added to the beaker. The mixture was shaken for
10 min on a reciprocal shaker and left to stand for 30 min.
The mixture was blended again for 2 min, and the electrical
conductance reading of the suspension was taken using an
EC metre.

Determination of sulphur content of sediment
by turbidimetric method

To measure extractable sulphur, the sediment samples of
10 g were extracted with 50 mL of 0.15% calcium chlo-
ride (CaCl,) by shaking the contents in Nalgene bottles for
30 min. The filtered extracts were examined for sulphur by
turbidimetry method as explained by Subba Rao (1993). In
turbidimetric procedure, sulphate in the extract was meas-
ured by converting it to barium sulphate suspension by using
barium chloride fine crystals, and the resulting turbidity was
measured at 340 nm using UV-visible spectrophotometer
model Shimadzu UV-1800.

Determination of total organic carbon of sediment
by wet oxidation

For sediments where there are no inorganic carbon forms are
present, the total organic carbon is equivalent to total carbon
content (Schumacher 2002).

0.167 M potassium dichromate: Oven-dried potassium
dichromate of 49.04 g was measured with the help of a bal-
ance and made a solution of it using distilled water. Then,
the solution is taken to a 1000 mL of volumetric flask and
the flask is filled with distilled water.

Barium diphenylamine sulphonate (Indicator): 0.16 g
reactant was dissolved in distilled water, warming carefully
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Table 1 Stratigraphic succession of the Rangpur Saddle, Bangladesh. Modified after Hossain (1999), UNDP (1982)

Age Group/formation Lithology Thickness
Recent to Sub-Recent Alluvium Sand, silt and clay 53 m
Late Pleistocene-Holocene Tista Gravel Gravels with sand and silt 89t097 m
Pleistocene Barind Clay Clay, sandy clay, yellow—brown sticky 15m
Middle Pliocene to Late Mio- ~ Dupi Tila formation Sandstone with subordinate pebble bed, grit bed and shale 171 m
cene
Early Miocene Surma Group undifferentiated Fine to medium grain sandstone, sandy and silty shale, silt- 125 m
(@) stone, and shale
Middle Eocene Tura sandstone (?) Grey and white sandstone with subordinate greenish grey shale 128 m
formation and coal
Late Permian Gondwana sediments Feldspathic sandstone, shale, coal beds 475 m

Precambrian Basement complex

Gneiss, schist, granodiorite, quartz diorite

to aid dissolution. After cooling, the solution is transferred
to 100 mL volumetric flask and distilled water was added to
make the volume 100 mL.

0.5 M ammonium iron (II) sulphate: 196 g of ammonium
iron (II) sulphate reagent was dissolved in distilled water.
Five millilitre of strong or concentrated sulphuric acid was
mixed to the solution with care. After mixing the solution,
it was transferred to 1000 mL volumetric flask and distilled
water was added to make the total volume 1000 mL.

10 mL volume of potassium dichromate solution (a strong
oxidizing agent) was added to a sample of dry, finely ground
sediment (0.9 g). Concentrated 20 mL sulphuric acid was
added to the reaction mixture to generate required heat.
The flask was kept 30 min stand to complete the reaction.
Organic carbon in the sediment was oxidized to CO, by the
dichromate, which itself is reduced. At final stage of the
chemical reaction, the solution was weakening with distilled
water. The dichromate which was not used to oxidize sedi-
ment carbon was determined by titrating against ammonium
iron sulphate (a reducing agent). The organic carbon content
of sediment was calculated from the unused dichromate in
the solution.

To calculate total organic carbon, the following equation
was used:
gc=2=-1

bW
where the titration volume, b is in mL for the reagent blank,
t is the titration volume for the sediment and W is the mass
of the sediment.

Determination of total nitrogen concentration
of sediment

Total nitrogen (TN) was measured by Kjeldhal digestion
method (Black 1965). The method is consisting of heating
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of substance with sulphuric acid, which chemically breaks
the organic substance by oxidation process to deliberate
the reduced nitrogen as ammonium sulphate. In this stage,
potassium sulphate is mixed to increase the boiling point
of the medium from 337 to 373 °C. The chemical decom-
position of the sample is complete when initially very dark
coloured medium has turned into clear and colourless form.

The solution was treated afterwards with minor amount
of sodium hydroxide to transform the ammonium salt to
ammonia. The amount of ammonia and thus the quantity of
nitrogen present in the sample were measured by back titra-
tion. The end of the condenser was dipped into a solution
of boric acid. The ammonia reacted with the boric acid and
the rest of the acid was then titrated with a sodium carbonate
solution by the application of methyl orange pH indicator.

Degradation: Sediment + H,SO, — (NH,)
»50,+CO,+S0,+H,0.

Liberation of ammonia: (NH,) ,SO,+2NaOH — Na,SO,
+2H,0+NH;.

Capture of ammonia: B(OH); +H,0+NH; —NH,"+B
(OH),™

Back-titration: B(OH); + H,0 4+ Na,CO; — NaHCO; +N
aB(OH),+CO,+H,0.

In reality, this analysis is largely automated, and specific
catalysts were used to accelerate the decomposition reaction.
In recent times, titanium dioxide is used as a catalyst.

Olsen bicarbonate extraction for determination
of phosphorus content

The cheapest and widely accepted method for determination
of the concentration of phosphorus in sediments or soil is
using NaHCO; (Koralage et al 2015). An electrical balance
was used to measure 2.5 g of air-dried sediment sample,
which was put into a 250 mL shaking bottle, and 50 mL of
Olsen’s extracting solution (0.5 M NaHCO;, pH 8.5) was
mixed to each bottle to achive 1:20 sediment to extractant
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ratio (Olsen et al 1954). The extraction was achieved by
shaking the mixture on an electrical shaker for 30 min. The
suspension was filtered through Whatman no. 42 filter paper.
Phosphorus concentration in the filtrate was determined
colorimetrically by ascorbic acid method at 880 nm using
UV-visible spectrophotometer model Shimadzu UV-1800.

Analysis of sediments and water by atomic
absorption spectrometer (AAS)

Arsenic (both trivalent and pentavalent) in potable is harm-
ful for human health (Rahman et al. 2018). The decomposi-
tion of arsenic bearing minerals that are present in the aqui-
fer materials liberates arsenic to the groundwater. This study
is conducted to determine the total arsenic and other heavy
metal contents of the sediments of the aquifer materials of
the investigated area. The sediment samples were analyzed
for total (aqua-regia extractable) As, Cu, Zn and Fe. For
determination of aqua-regia extractable arsenic, each type
of sediment sample was dried in an oven at 110 °C for 24 h.
For digestion, 0.5 g of sediment sample was weighed into
a 250 ml flask, to which 3.75 mL concentrated hydrochlo-
ric acid and 1.25 mL concentrated nitric acid were added
(Joardar et al. 2005). The suspension was kept overnight in
the flask and then it was refluxed for 2 h, followed by dilution
with deionized water to 50 mL, stirring for 5 min and filter-
ing (0.80 um filter) after cooling (Sakala et al. 2011). The
filtrate was stored in a plastic bottle for analysis of arsenic
using an AAS attached with a graphite furnace (Shimadzu
AA6800). All acids used in present chemical analyses were
of analytical grade. Standard QA/QC protocol was followed
for water and sediment sample analysis, including replicate

analysis (1 in every 5 samples) and checking of method
blanks (1 in every 10 analysis). The acidified groundwater
samples were analyzed to determine the concentration of
arsenic in groundwater using AAS attached with a graphite
furnace (Shimadzu AA6800).

Results

The geochemical study of the sediments of the aquifers of
the investigated area reveals that among the analyzed heavy
metals, iron is the most abundant metal and zinc is the less
common metal (Table 2). The trend of the average con-
centrations can be shown as Fe > As > Cu>Zn. The acidic
nature of the sediments indicates the climatic condition of
the study area, oxic nature of the aquifer and derivation of
the aquifer materials from the acidic rocks. The clay min-
eralogy of the 2 um sized particles reveals the dominance
of the quartz and illite with minor amounts of chlorite, kao-
linite. A rare As-bearing mineral, lavendulan, is identified
which is a copper arsenate (Saha et al. 2018).

pH: The pH of the shallow aquifer sediments varies from
4.4 to 5.5 with a mean value of 4.93. The low pH values
indicate the acidic nature of the sediments. The highest value
of pH was recorded in Votemari, Lalmonirhat and the value
of pH is increasing in the downstream direction (Fig. 2a).
The climatic parameters and parent materials of the sedi-
ments control its pH (Zhang et al. 2019). Acidic sediments
are common in the areas of high rainfall. Moreover, the sand
particles mainly comprise the sedimentary deposits of the
study area.

Table 2 Results of physico-chemical analysis of the sediment samples of the study area

Sl. No.  Location Longitude  EC pH TOC TN S P Cu Zn Fe As
ds/m % % mg/kg mg/kg  mgkg mgkg mg/kg mg/kg
1 Tapakharibari ~ 88.950963 1.46 470 043  0.04 70.90 5.65 3.08 0.32 25,840.80  2.99
2 Kharibari 88.957194 222 440 0.1 0.06 104.57 5.23 2.26 1.08 24,367.40 2.82
3 Dalia 89.035134 044 460 020 0.02 7.34 5.52 1.96 0.38 27,875.20 3.62
4 Doahni 89.089465 0.55 540 0.16 0.01 5.71 4.45 0.22 0.52 25,688.80 2.19
5 Votemari 89.161820 1.14 550 0.16 0.01 46.45 4.86 0.40 0.34 25,384.80 2.92
6 Laxmitari 89.251106 239 460 0.12 0.01 11821 15.03 5.62 0.80 26,682.80  3.75
7 Mohipur 89.252050 0.76 450 035 0.03 143.55 7.10 3.86 1.92 27,891.00 5.77
8 Khuniagachh 89.345713 096 470 0.16  0.01 37.27 4.19 0.44 0.24 24,841.00 3.70
9 Marairhat 89.409958 1.30 530 0.20 0.02 72.47 5.37 0.50 0.34 25,384.80 291
10 Kaunia 89.430932 047 470 020 0.02 2.58 6.14 0.34 0.52 27,115.20 4.50
11 Shibdeb 89.521515 1.75 540 0.62  0.05 71.04 7.49 3.04 0.48 27,781.80 4.43
12 Sundargonj 89.536750 0.53 540 047 0.04 2047  11.29 3.80 0.78 26,875.60 2.64
Mean 1.16 493 031 0.03 58.38 6.86 2.13 0.64 26,310.77 3.52
Median 1.05 470 020 0.02 58.68 5.59 2.11 0.50 26,261.80 3.31
Variance 042 0.16 004 0.00 2000.05 9.37 2.92 0.20 1,372,709.53  0.92
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Fig.2 a-d: Spatial distribution of pH, EC, iron and arsenic in the sediments of the study area

Electrical conductivity (EC): The maximum EC of
the sediments of the study area is 2.39 ds/m which was
recorded in Gangachara of Rangpur district. The lowest
EC value of the sediments was found in Dalia, Nilhamari
district that was 0.44 ds/m (Table 2). The magnitude of
EC is decreasing with the fining nature of the sediments
in the downstream direction (Saha et al. 2017). The mean
EC value of the sediments was 1.16 ds/m that indicates
very low or negligible effects of salinity of the sediments
of the Rangpur division (SRDI 2010; Kumar et al. 2019).

Total Organic Carbon (TOC): The amount of total
organic carbon varies from 0.117 to 0.709% which is very
low. The median value of TOC 0.195% indicating that the
sediments of Recent age contain low concentrations of
TOC. The amount of TOC is slightly increasing in the
distal part of the Tista Alluvial Fan.

Total Nitrogen (TN): The concentrations of nitrogen in
the sediments of the investigated area are very low which
ranges from 0.01 to 0.061%. The average concentration
of N is 0.0268%. The distribution of the total nitrogen is
lowest in the central part of the investigated area. The 86%
recent sediment samples of the Brahmaputra floodplain
have nitrogen deficiency (Moslehuddin 1993; Moslehud-
din et al. 1997).
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Sulphur (S): The average amount of sulphur is 58.38 mg/
kg that ranges from 2.58 to 143.55 mg/kg. The maximum
value of sulphur is high in the study area (SRDI 2010). The
amount of sulphur is decreasing in the distal part of the fan
that implies that the source of sulphur is the Himalayan
Mountain Range.

Phosphorus (P): The average phosphorus content of
the aquifer sediments is very low whose numerical value
is 6.86 mg/kg. The maximum amount of phosphorus is
recorded as 15.03 mg/kg in Laxmitari, Gangachara, whereas
the lowest value is 4.19 mg/kg in Khuniagachh, Lalmonirhat.
The amount of phosphorus is increasing in the lower part of
the floodplain area which indicates of the phosphorus may
be derived from the anthropogenic activities, especially from
phosphate fertilizer.

Copper (Cu): The median concentration of copper is
2.11 mg/kg. The amount of copper varies from 0.22 to
5.62 mg/kg in the aquifer sediments of the study area.

Zinc (Zn): The Zn content of the investigated sediment
samples varies from 0.24 to 1.92 mg/kg, with the average
concentration of 0.643 mg/kg. The optimum Zn content is
1.135 mg/kg, only one of the sediment samples exceeds the
optimum Zn content (BARC 2018).

Iron (Fe): Chemical weathering and erosion of mountain
belts influence the distribution of trace metal influx to the
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ocean, sediments carried by the rivers and groundwater flow
(Dowling et al. 2003; Zahid et al. 2008). The concentrations
of iron vary from 24,367.4 to 27891 mg/kg with the mean
concentrations of 26,310.77 mg/kg. The sediments of the
investigated area are characterized by the fining nature in
the downstream direction (Saha et al., 2017). The concentra-
tions of total iron increase in the downstream direction of
the Tista River with the fining natures of the sediments. The
iron-bearing minerals include biotite, hornblende, magnetite
and hematite.

Arsenic (As): The mean concentration of total arsenic is
3.52 mg/kg where the maximum and minimum concentra-
tions are 5.77-2.19 mg/kg. The finer sediments contain more
arsenic in the downstream direction of the study area as the
amount of iron also increases.

Correlation coefficient matrix of sediment
parameters

The electrical conductance (EC) shows significant positive
correlation with sulphur (p <0.05) and insignificant posi-
tive correlations with total organic carbon, total nitrogen,
phosphorus, copper and zinc (Table 3). Total organic car-
bon is significantly positively correlated with total nitrogen
(»<0.01) and insignificantly positively correlated with the
sulphur, copper and zinc (Fig. 3).

The study reveals insignificant positive correlations of
total nitrogen with the sulphur, copper and zinc. Sulphur
is significantly correlated with copper and zinc (p <0.05)
(Fig. 3c and e) and insignificantly and positively correlated
with arsenic content of the sediments (Table 3) that indi-
cates that the copper and zinc occur as sulphide minerals.
The element P shows significant positive correlation with
copper (p <0.01) that implies that both the elements (Cu
and P) might have derived from the chemical dissolution of
copper phosphate minerals. Arsenic (Fig. 3f) is significantly
positively correlated with iron (p <0.05). This observation

also implies that the As was absorbed by the iron-bearing
minerals such as biotite, hornblende and oxides of iron like
hematite, magnetite and iron hydroxides at the time of the
deposition of the aquifer sediments (Awual et al. 2019; Moni
et al. 2019; Yang et al. 2017; Wang and Giammar 2015;
Reza and Jean 2012; Bhattacharyya and Mukherjee 2008).
The positive correlation of arsenic with iron shows that
the arsenic is released by the dissolution of pyrite and arse-
nopyrite to the sediments of the study area. The coarser sedi-
ments contain less arsenic, while the finer sediments have
higher arsenic concentration. The study area is dominated
by the sand and pebbles with minor amount of silts and clay
that contribute less amounts of arsenic to the sediments.

Clay mineralogy of the sediments

The XRD analyses of the sediments show that the illite and
quartz are major minerals of the clay-sized particles of the
investigated area. Chlorite, kaolinite and feldspar comprise
9.80% of the sediments. Illite is identified by peak 10 A
(001) and distinguished from mica by the narrowing nature
of the dlffractograms (Zahid et al. 2008). Chlorite is identi-
fied by the 14 A peak, and kaolinite is recognized at 7 A.
Lavendulan [Na, Ca, Cus (AsO,), Cl. 5H,0] mineral group
was detected at basal reflections 10.054—10.072 A in small
quantities. The mineral was identified in two places of the
area of investigation and they are, namely Shutibari and
Sundarganj. Lavendulan is a rare copper arsenate mineral
(Saha et al. 2018).

Arsenic concentration of groundwater and its
correlation with sediment

The pH of groundwater varies from 6.20 to 7.40 of the study
areas. The mean electrical conductance of the groundwater
samples is 361.58uS/cm. The mean abundance of major cati-
ons is Na* > Ca*?>Mg™? > K" whereas the major anions is

Table?a' Pearsor} correla?ion EC pH TOC N S P Cu 7n Fe As
coefficient matrix of sediment
parameters EC 1.000

pH —-0.218 1.000

TOC 0.374 —0.080 1.000

TN 0.351 —0.146  0.987** 1.000

S 0.681° —0.402 0.321 0.320 1.000

P 0.367 —0.059 0.002 0.016 0.337  1.000

Cu 0464 —0.313 0.336 0.357 0.615*% 0.829**  1.000

Zn 0.074 —-0.413 0.318 0.317 0.668* 0.280 0.517 1.000

Fe —-0.327 -0.041 0.000 0.045 —0.007 0.385 0.445 0.305 1.000

As —0.063 —-0436 0.025 0.046 0.421 0.139 0.303 0.544 0.648* 1.000

*Correlation is significant at the 0.05 level (2-tailed)

**Correlation is significant at the 0.01 level (2-tailed)
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Fig.4 The positive correlation between As sediment and As ground-
water
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Discussion

The Tista sediments are dominated sand deposits laden
with pebbles and cobbles. The fine grain sediments com-
prise minor portion of the sedimentary successions. The
mineralogical analyses decipher that the silica or quartz is
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the major mineral with illite and kaolinite in accessory in
amount, i.e. tectosilicates and phyllosilicates are common. In
some places, the colour mottling was reported due to admix-
ture of dark colour minerals with the light coloured minerals.
The dark coloured minerals mainly carry the heavy metals
like in their crystal lattices. The heavy metal arsenic can be
found both in oxidizing and reducing conditions at pH values
ranging from 6.5 to 8.5 (Asif and Chen 2017). The arsenic
is principally derived from the geogenic sources and found
in the alluvial sediments of Holocene age, especially in the
low lying land (Joardar et al. 2005; Karim 2000). The flood-
plain sediments of the Brahmaputra, Ganges and Meghna
are moderately and the delta plains are severely contami-
nated by arsenic (up to hundreds mg/kg) (Ahmed et al. 2004;
Reza et al. 2010b). The maximum amounts of arsenic are
reported from the fine grained sediments, especially from
the clay fractions and organic matter in Bangladesh (Joardar
et al. 2005; Reza et al. 2010b). The arsenic concentrations
increase in the downstream directions of the study area with
the finning nature of the sediments, i.e. with the elevated
amounts of silt and clay (Fig. 2d). The arsenic content of the
para- and ferromagnetic minerals from the upstream deposits
of the Tista river ranged from 9 to 80 mg/kg (Bhattacharyya
and Mukherjee 2008) which is relatively high and might
have resulted from the fractional separation of the para- and
ferromagnetic minerals from the sediments. The contempo-
rary research work shows that the arsenic which is reported
from the groundwater and foodstuffs are of inorganic ori-
gin in Bangladesh and more harmful for the human health
(Awual et al. 2019; Rahman et al. 2019). The movement of
the dominant species As(IIl) is more frequent in the ground-
water from a huge areas of Bangladesh (Reza et al. 2010b;
Thoral et al. 2005).

The dominant factors that influence the concentration of
arsenic in the sediments are the parent rocks and human
activities. The factors such as climate, the organic and inor-
ganic components of the sediments and redox potential sta-
tus also affect the level of arsenic in the sediments and soils
(Mandal and Suzuki 2002).

The variation of total organic carbon (TOC) is observed
(Table 2) and these differences resulted from the growth of
vegetation matters in the marshy lands and litter input (Guo
et al. 2018). The elevated amounts of total organic carbon
resulted from the growth of larger amounts of plants for pro-
longed interval and represent the periods of non-deposition.

The redox potential is considered as one of the most
prominent factors that influence arsenic retention and mobi-
lization in in sediments (Bostick et al. 2004; O’Day el al.
2004; Wang and Giammar 2015). Due to shallow water
depth, O, penetration may lead to more oxic conditions in
the Tista River. Moreover, O,, microbial activities also play
a vital role in regulating redox conditions in sediments. The
presence of total organic matter (up to 1%) may produce

adequate nutrients for microbes hence stimulating microbial-
mediated reduction of elements in the Tista river. The posi-
tive correlation of arsenic with iron discloses that the arsenic
is delivered by the dissolution of pyrite and arsenopyrite
to the sediments of the research area. The X-ray diffrac-
tion study of the 2 pm size sediments contains rare amounts
of lavendulan, which is a rare copper arsenate (Saha et al.
2018). The mineral sampleite (NaCaCus(PO,)4Cl1-5H,0) is
a member of the lavendulan group that might have contrib-
ute Cu and P in the sediments. Fe, Mn, SO42_ and S?~ are
the main carrier of arsenic in the sediments of Bangladesh
(Reza et al. 2010b).

The arsenic concentration of groundwater shows the
positive correlations with the arsenic, iron and copper con-
centrations of the sediments. This implies that the arsenic
of groundwater derived from the geogenic source, like the
dissolution of arsenic bearing minerals of the aquifer sedi-
ments—pyrite and arsenopyrite. The lower concentrations
of arsenic in sediments resulted from the lower pH values
and low TOC content of the sediments.

Conclusion

The present study reveals that the sediments of the study
area are acidic in nature which reflects that they are derived
from acid rocks. The sand particles comprise the major
part of the deposits. The mean EC value of the sediments
was 1.16 ds/m that indicates very low or negligible effects
of salinity of the sediments of the Rangpur division. The
recent deposits of the Tista River contain low amounts of
total organic carbon. The less amount of total organic carbon
and acidic nature of the sediments are the factors that con-
trols the amount of arsenic in the aquifer sediments as well
as release in groundwater. The average concentration of N is
0.0268%. The concentrations of iron vary from 24,367.4 to
27891 mg/kg with the mean concentrations of 26,310.77 mg/
kg. Sulphur is significantly, positively correlated with copper
and zinc (p <0.05) and insignificantly and positively cor-
related with arsenic content of the sediments that indicates
that the copper and zinc occur as sulphide minerals. The
geochemical analysis of the sediments manifests that the
arsenic is positively correlated with iron. The positive rela-
tionship of arsenic with iron shows that the arsenic is car-
ried by the compounds of iron in recent riverine sediments
of Bangladesh (Nickson et al. 2000; McArthur et al. 2001;
Ravenscroft 2001; Reza et al. 2010b). The arsenic concen-
tration of groundwater shows the positive correlations with
the arsenic, iron and copper concentrations of the sediments.
This implies that the arsenic of groundwater derived from
the geogenic source, like the dissolution of arsenic bearing
minerals of the aquifer sediments—pyrite and arsenopyrite.
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The average concentrations of arsenic in the groundwater are
1.1793 pg/L. The concentration of all the water samples is
below the permissible limit of WHO (10 pg/L). The recent
arsenic specification studies revealed that the arsenic is inor-
ganic of origin and As(III) the most dominant species in the
groundwater and foodstuffs in Bangladesh.
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