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drinking in this area, unfortunately arsenic is of extensive amount (more than

50 ppb) found in this groundwater. Fourteen water samples from different
depth of tube well, 8 soil samples from topsoil (15 cm) and subsurface (30 cm)
and 7 different types of food materials were collected from Alampur Village,

KEYWORDS Amjhupi Union at Megerpur district. Water samples are preserved by HNO3 for
Arsenic maintaining pH (2-3). Food and food materials were digested with HNO3- H2S04
Groundwater in order to determine the arsenic by Ag-DDTC, UV-visible method. The arsenic
Meherpur of tube well water was beyond the Bangladesh acceptable limit and arsenic in
Ag-DDTC food materials were with the limit of Australian food hygiene limit (1 mg /kg).
Soil Concentration of arsenic in topsoil (15 cm) was higher than arsenic in the
Vegetables subsurface (30 cm). The values of arsenic in food materials was lower, which

indicated that arsenic from tube well water is adsorbed in soil but not to

propagate food materials. It might be due to the type of soil.
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Introduction

In Bangladesh, the arsenic affected areas
are near the banks of major river systems [1].
Being a river delta and having a tropical
monsoon climate the rivers change their paths
with time and form tributaries. This causes
vulnerability of flooding of vast land areas
during the period of high discharge. Due to
current of rivers, can cause bank erosion [2].
Erosion also plays a major part in the flow
change of the rivers. Naturally sediments flow
with the currents of water coming from the
mountain ranges of Himalayas, prompting the
buildup of sediment faster than the rivers can
wash it away. Resultantly, sedimentation
places disparate types of minerals on the
adjacent lands, arsenic being one of those and
it is found in many parts of the floodplain [3].

Arsenic is found in groundwater due to
exposure to aquifer matrix containing iron
oxides and pyrites. In this context, the
tubewell water of Chapai-Nawabgonj and
Kustia, Meharpur, = Pabna, Faridpur,
Manikgong and Chandpur are near-side
districts of the Ganges or Padma River. These
above districts are mostly affected by arsenic
[4]. Arsenopyrite (FeAsS) arsenic bearing
mineral, but with the advent of intensive
irrigation in the 1960s, the aquifer has
dropped and water has been replaced by
oxygen in layers. As a result,
arsenopyrite oxidized in the presence of
oxygen and water and form hydrated
compound. Arsenopyrite, once oxidized,
becomes water soluble and seep like drops of
tea from the teabag. They percolate from the
subsoil into the roping water tables in every
monsoon. As monsoon replenished the water
table, the arsenic seeped into the tube well [5].
Although the mechanism of arsenic release
from the sediments is unknown, Stute et
al. (2007) suggested that the kinetics of
arsenic release from the sediments and the
groundwater residence time was an
important factor. However, arsenic has
probably been presented in the groundwater

those

for thousands of years [6]. Still the hilly areas
and certain districts [Naogoan, Dinajpur and
hilly areas] of Bangladesh are not
contaminated by arsenic in groundwater [7].
The Padma, Jumuna and Meghna rivers are far
away from the above-mentioned areas. It
would be proven that, areas of river banks are
most affected groundwater by the arsenic. In
Bihar, Ground water in 13 districts has been
found to be contaminated with arsenic with
quantities exceeding 0.05 mg/L (50 ppb). All
these districts are situated close to large
rivers like Ganga and Gandak [8].
Groundwater in the majority of deep tube-
wells have concentrations of
exceeding the World Health Organization's

arsenic

limit of 10 ppb, and only 30% of groundwater
contains arsenic at levels below 50 ppb, the
Bangladesh drinking-water standard [9].
There are three main types of arsenic in
nature: airborne, inorganic, and organic. Two
key areas are the interaction of trivalent
arsenicals with sulfur in proteins and the
ability of arsenic to generate oxidative stress
[10].

Different sources of arsenic produce
different forms of arsenic. Inorganic arsenic
typically originates from geological sources,
such as bedrock [11], and leaches into ground
water. Therefore, inorganic arsenic is of
greatest concern for drinking water. Arsenic
can be found in any type of bedrock [12]. More
than 80% of the population depends on
agriculture for their livelihood. Now-a-days,
90% of Bangladeshi depends on ground water
for drinking purpose because much of surface
water of Bangladesh is microbial unsafe to
drink. Arsenic exists in the form of arsenic (V)
in surface waters, and arsenic (III) in ground
waters. Arsenic contamination in the ground
water of Bangle-delta (Bangladesh and West
Bengal, India) region was first discovered in
1980’s in the West Bengal of India. The
scientists of West Bengal urged Bangladesh to
test the level of arsenic in Bangladesh as both
the regions (Bangladesh and West Bengal,
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India) are situated in the Bengal-delta. In
1993, the Department of Public Health
Engineering first identified the presence of
arsenic in well-water in three districts
(Chapai-Nawabgonj) in the northwest region
of Bangladesh. The concentrations of arsenic
in non-contaminated soils range from 0.1 to
10 mg/Kg. However, the arsenic content in
some parts of Bangladesh soils are more than
30 mg/kg [13]. Much of Bangladesh aquifer
system is characterized by a two-aquifer
system. A shallow aquifer typically extending
from 10 m to 70 m below ground level, and a
deeper aquifer below about 200 m. A surface
layer of silty clay forms a semi-confining layer
and a lower clay layer (as thick as 30 m)
sometimes separates the shallow and deep
aquifers or may not be present at all (BGS and
DPHE, 2001). Horneman et al. (2004) studied
the interface between reduced and oxidized
aquifers drops from a depth of 30 m to 150 m
within a few kilometers in the east of Dhaka.
In most of the southern Bangladesh, the
situation is much more complex with a
division of the shallow aquifer into two by a
low permeability silt-clay layer (Harvey et
al, 2006; JICA, 2002). The shallow (or main)
aquifer has been extensively exploited and is
the source of arsenic problem (Jakariya and
Bhattacharya, 2007).
depths of more than 150-200 m appears to be
essentially arsenic-free. The top of the shallow
aquifer, at depths of less than 10 m, also
appears to be less contaminated than deeper
down and may account in part for observation
that shallow hand-dug wells are usually
uncontaminated even in areas of otherwise
high arsenic contamination (Green et
al, 2005; Jakariya and Bhattacharya, 2007) [
6]. Arsenic is a widely-dispersed element in
the Earth's crust and exists at an average
concentration of approximately 5 mg/kg [14].
Arsenic occurs as a constituent in more than
200 minerals, although it primarily exists as
arsenopyrite and as a constituent in several
other sulfide minerals [15]. Most of the

Groundwater from

arsenic added to paddy soils from irrigation
water remains in the topsoil, and the amounts
leached to the subsoil or groundwater appear
to be small in Bangladesh. In a survey of 270
STWS distributed more or less evenly across
Bangladesh. Mean concentration in topsoil (0-
15 cm) were generally higher than subsurface
layer (30 cm depth), and significantly higher
in irrigated soils than in non-irrigated soil
[16]. The form and behavior of arsenic vary
greatly between flooded soil and non-flooded
soils. The most important arsenic species are
arsenate (V) under non-flooded conditions
and arsenite (III) under flooded conditions.
Arsenic (III) has a higher solubility than
Araenic (V), resulting in a higher mobility of
arsenic in flooded soils. Soil texture is another
important factor, with clay soils having a
much greater capacity to bind arsenic than
sandy soils [14]. On average, a Bangladeshi
adult drinks about 4 to 5 L of water a day and
consumes about 450 g of rice. Assuming 200
ppb arsenic in the drinking water and about
0.5 mg/kg in rice grain, the total daily intake
of arsenic would be around 1.2 mg, which may
not be safe for human [17]. The maximum
allowable daily level of arsenic in foodstuff is
taken as 0.22 mg. Calculations were made
based on the possibility of exceeding this
maximum allowable daily level (MADL) for
various plants analyzed. For example, a
person who consumes 100 g of arum that
contains 2.2 mg/kg of arsenic daily would
have an MADL from arum alone. However,
when the concentration of arsenicis as high as
22 mg/kg, only 10 g would give the MADL.
Similarly, 440 g of rice with 0.5 mg/kg of
arsenic would also represent the MADL. Such
inputs are comparable to drinking 4.4 L of
water with 0.05 mg/L of arsenic. The authors
also analyzed some cooked foods for their
arsenic content. These were collected from
households who used arsenic-contaminated
water for cooking [8-18]. In an attempt to
assess the extent of diversification of the
ground water arsenic, the levels of arsenic in
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common vegetables, spinach and fish
consumed by man were investigated. Among
the vegetables mean arsenic concentrations in
potatoes (Solanum tuberosum) and pointed
gourd/potals (Trichosanthes dioeca) were
0.598 and 0.10 ppm FW, respectively and
were higher than the values for those grown
on untreated or uncontaminated soils, as
reported in literature (Nriagu, 1994). In
spinach, significant levels of arsenic in
arum/kachu  (Colocasiaantiquorum)  and
water spinach/kalmi sak (Ipomoea reptans)
were found (range: 0.11-3.49 ppm FW, n=5)
and (range: 0.09-2.03 ppm FW, n=5)
respectively. Arsenic concentrations in
balsam apple/korola (Momordicacharantia),
ladies finger/derosh (Hibiscus esculentus),
and Jute (Corchorus capsularis) leaves were
not significant [19].

The aim of study is to provide an overview
of the latest findings of arsenic contamination
in groundwater, soil and food materials and
the subsequent transfer of arsenic via
water/soil to cropsat Alampur village,
Amjhupi Union under Meharpur Distract.

Experimental
Site selection
Figurel. Study area map of Alampur village,

Amjhupi Union, Meherpur District with
sample locations

Amijhupi Union in Meherpur Sadar

Alampur  Village, Amjhupi  Union,
Meherpur Sadar Upazila, Meherpur District,
Bangladesh. The Village Alampur is
approximately 8-10 km away from the main
Meherpur district town. It contains near about
100 households and most households are
suffering from arsenic contamination on
different levels of exposure.

Sample collection

Water, soil and vegetable samples were
collected from Alampur village in Meherpur
district for the determination of arsenic. A
total of fourteen water samples were collected
from tube well of different depths. Thetube
well water samples were preserved with
HNOs and kept pH of the water samples within
pH range 2 to 3 [20]. Sample were stored (4
°C) in refrigerator before analysis. At the same
time, eight vegetables and eight soil samples
were collected as well. Soil samples were
collected in two layers; top soil (15 cm depth)
and subsurface layer (30 cm depth). The
location of the samples was noted using
Garmin GPS device in order to locate the
samples and present them on a map. The map
was created using ESRI ArcMap 10.3. The map
is affixed below.

Study Area Map
Alampur Village. Amjhupi Union. Meherpur sadar
Legend N
P e O Pomome - J
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Principle of the method

Necessary reagents needed for the
determination process were:
» Silver Diethyldithiocarbamate (Ag-DDTC)

Ag-SCSN (CzHs)2
* 1:1 Hydrochloric acid
*  10% stannous chloride
*  15% potassiumiodide
*  10% nickel chloride
* Zinc Powder
* 10 % Lead acetate

Inorganic arsenic is reduced to arsine, (AsH3),
by zinc in acid solution (HCI) in a Gutzeit
generation (modified). The arsine is then passed
through a scrubber containing glass wool
impregnated with lead acetate solution and into
an absorber tube containing Ag-DDTC dissolved
in chloroform. In the absorber arsenic reacts with
the silver salt, forming a soluble red complex
suitable for photometric measurement at 540
nm. 0.75 g of Ag-DDTC in a solution of 1 mL of
morpholine dissolved in 100 mL of chloroform
(CHCI3). Then it was keptin a round bottom quick
fitted flask covering with aluminum foil and
preserved at4 °C in a refrigerator. 15 g potassium
lIodide (KI) was dissolved in 100 mL distilled de-
ionized water. 10 g stannous chloride
(SnCl2.2H20) and 10 g nickel nitrate [Ni (NO3)a.

Figure 2. Calibration curve absorbance verses
concentration of arsenic

Figure 3. Arsine gas generator cell (Gutzeit-
cell)

6H,0] were dissolved in 100 mL distilled de-
ionized water respectively. 50 mL sample was
taken into a clean generator bottle (quick fitted
100 mL conical flask) adding successively, 5 mL
1:1 HCI, 5 mL KI (15%) solution and 8 drops SnCl,
reagent. Adding 1 g Zn-dust to generator, it was
connected with scrubber absorber, immediately.
All connection must be fitted tightly. Allowing 20
min, for complete evolution of arsine and pouring
solution absorber intoa 1 cm cell, the absorbance
was measured at 540 nm, using the reagent blank
as the reference [20].

Preparation of the calibration curve

Standard calibration curve was prepared
through blank samples and synthesized arsenic
samples of 100 ppb to 25 ppb of which the

line with the
solutions.  The

absorbance was noted in
concentration  of  the
correspondence was built upon the findings. In
order to consolidate the standard, curve the 100-
ppbarsenic sample was repeatedly measured for
absorbance. However, the absorbance varied on
several occasions, so to fulfill the purpose a
specific point was taken into account for the
determination. The blank sample was 0.75% Ag-
DDTC salt solution of morpholine or chloroform,
which acted as the absorber in the process.

Calibration curve

NCENTRATION

jJe——10em—ous]



Environmental Analysis of Arsenic in Water ...

186

Results and Discussion

14 tube well waters (Table 1) are collected
from Alampur village at Meharpur district, all
groundwater of tube well is contaminated
with arsenic (>50 ppb). The level of arsenic in
ground water is higher the level of arsenic as
per the standard limit of Bangladesh as well as
WHO. The concentration of arsenic varied
from 54 ppb to 869 ppb for different depths
(10.66 m to 54.86 m) of the tube wells.

The value of correlation coefficient
(R2=0.0035) is very much less than 1, it

indicated that, arsenic concentration of
different depth has poor relation. The
concentration of arsenic in different depth
depends on the geology and geochemical
transformation of arsenic in different depth
(m).

Natural levels of arsenic in soil usually
range from 1 to 40 mg/kg. The concentration
of arsenic (Table 2) is varied from 1.175
mg/Kg to 5.69 mg/Kg at 15 cm depth and
0.1865 mg/Kg to 3.0035 mg/Kg at 30 cm
depth of Alampur village.

Table 1. The concentration of arsenic in water at different depth of tube wells in Alampur village

Serial Number Depth (m) Concentration of arsenic (ppb)

1 10.66 136.44

2 12.19 69.15

3 21.33 77.57

4 35.05 156.70

5 36.57 859.81

6 39.62 54.14

7 39.62 71.02

8 42.67 242.99

9 45.72 106.54

10 48.76 218.69

11 51.81 184.53

12 51.81 265.42

13 51.81 136.44

14 54.86 256.07
Figure 4. Variation of arsenic 1000 E
concentration in tubewell water at «;é 00 g 2ol oloohs
different depth (m) <

5 600 2 a % 5
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Arsenic found in soil either naturally
occurring or from anthropogenic releases
forms complexes with iron,
aluminum, and magnesium oxides found in
soil surfaces, and in this form, arsenic is
relatively immobile. So, arsenic found higher
amount in 15 cm and compared to 30 cm
depth.

In aquatic systems, inorganic arsenic
occurs primarily in two oxidation states,
arsenic (V) and arsenic (III). Both forms
generally co-exist, although arsenic (V)
predominates under oxidizing conditions and
arsenic (III) predominates under reducing
conditions. Trivalent arsenic (III) is well
absorbed through the skin of the body and is
60 times more toxic than pentavalent arsenic
(V). Arsenic (III)
predominating in ground water and arsenic

insoluble

oxidation state is

(V) in the surface water. When ground water
come out to surface, arsenic (III) will be auto-
oxidation to form arsenic (V) [21]. It is clear
that, when ground water is used for the
purpose of irrigation, arsenic might have

entered into soil as well as transfer to the food
materials. When arsenic (III) come out from
ground water, in presence of ambient oxygen
or in presence of dissolve oxygen (DO),
arsenic (III) is automatically changed to
arsenic (V). Chemically arsenic (V) is more
reactive than arsenic (III), so that arsenic (V)
are absorbed by the soil, as aresult, the chance
of arsenic transfer did not occur from soil to
plants. The concentration of arsenic at a depth
of 15 cm is changed, much lower than that of
30 cm depth. Leaching property of arsenic in
soil which is less than copper, sodium and
potassium is reflected on the result. Long time
is needed for leaching, arsenic from surface to
ground level. It indicated that, the values of
arsenicat 15 cm depth is higher than soil of 30
cm depth. The value of correlation coefficient
(R2=0.904) is very much closer to 1, it
indicated that, arsenic concentration of in soil
samples of 15 cm depth has good relationship.
The composition of soil at Alampur village
shows similar capacity to retain arsenic.

Table 2. The concentration of arsenic in soil samples collected from 15 and 30 cm depth at

Alampur village
Serial ~ Concentration of arsenic at 15 cm depth  Concentration of arsenic at 30 cm depth
Number mg/Kg mg/Kg
1 1.175 0.1865
2 1.808 0.9885
3 1.996 2.3505
4 2.313 1.3805
5 2.537 2.3505
6 3.973 1.0445
7 3.97 1.884
8 5.69 3.0035

Figure 6. Concentration of arsenic at soil
from 15 cm depth

Concentration of arsenic at soil from 15 cm depth

y =0.5782x+0.3308... <o
12 1 179.808.99@.312.53-9733.97 >

¢ 0
1 2 3 4 5 6 7 8
15cm 1.181.81 2 2.312.543.973.975.69

Soil samples

As concentration mg/
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Figure 7. Concentration of
arsenic at soil from 30 cm depth

As concentration
mg/Kg

Figure 8. Variation of arsenic
concentration at 15 and 30 cm

depth soil samples o
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The value of correlation coefficient
(R2=0.4565) indicated  that,  arsenic

concentration in soil samples of 30 cm depth
has poor relationship compared to the soil of
15 cm depth. This variation of arsenic might
be depended on composition and structure of
soil in 15 and 30 cm depth.

The plants which have roots going deeper
into the soil layer have minor chance of
arsenic up take. Consequently, less amount
arsenic is found in these plants. Some plants
have short life span and some are long life
span. Short life span plants are less fortunate
to take up arsenic from soil and some long life
span plants take up arsenic because of having
longer turns.

There is no epidemiological evidence of
illness or cancer linkage the consumption the
food materials from arsenic
Despite the accumulation of arsenic in food
attributable to growth on
contaminated soils with elevated arsenic

-rich soils.
materials
level, there was no significant statistical

relationship between the concentration of
arsenic in soil and that in food materials.

y =0.253x+0.5102

35 R?=0.4565 3.0035
3 2.3505 2.3505
22 1.3805 Lo
2 0.9885 : U775
1 01
05
0
1 2 3 4 5 6 7 8
15cm 0.187 0.988 2351 1381 2.351 1.045 1.884 3.004
7
6
5
4
3
2
1
0
1

1 2 3 - 5 6 7 8
= 15cm 1.175 1.808 1.996 2.313 2.537 3.973 3.97 5.69
30cm 0.187 0.988 2.351 1.381 2.351 1.045 1.884 3.004

Soil samples

The Australian food hygiene limit of
arsenic is 1 mg /kg [22]. The concentration of
arsenic in variety of food collected from
Alampur village is lower than the Australian
food hygiene limit of arsenic. These values of
arsenic in food materials that indicated the
collected food samples (Table 3) is safe for
eating.

Dantashak [Amaranthus gangeticus] is a
long life span plant compared to the potato
[Solanum tuberosum], arsenic is found in
Dantashak at higher amount. The retention
capacity for arsenic is higher at the soil of
Alampur village. As a result, arsenic might not
be propagated to the plants materials from the
soil. The gradually
increased from potato to Dantashak, it means
that the life cycle of potato to Datashak is
gradually increasing with time.

The above-mentioned phenomenon is
complex; the mechanism of arsenic uptake by
the variety of food is not clearly unknown. It
need further research arsenic in variety of
food plants. In this above circumstance,
variety of food is safe for arsenic but the tube

concentration tends
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well water is not safe for drinking at Alampur
village. The concentration of arsenic all above
tube well are contaminated with arsenic.
Drinking safe water is very important for

human life. Arsenicis a silent Killer. It has been
reported from the earlier researchers, some
people have died due to arsenicosis at
Alampur village of Meharpur district.

Table 3.The concentration of arsenic in variety of food collected from Alampur village

Serial Number Food Item Concentration of arsenic mg/kg.
1 Potato (Solanum tuberosum) 0.029
2 Tomato (Lycopersicon esculentum) 0.031
3 Banana (Musa acuminate) 0.044
4 Lal Shak (Amaranthus gangeticus) 0.073
5 Wheat (Triticum aestivum) 0.102
6 Onion (Allium cepa) 0.154
7 Arum (Arum maculatum) 0.175
8 Dantashak (Amaranthus lividus) 0.202

Figure 9. Arsenic
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Conclusion

Groundwater is generally more vulnerable
to arsenic contamination than surface waters
because of the interaction of groundwater
with aquifer minerals and the increased
potential in aquifers for the generation of the
physicochemical conditions favorable for
arsenic release. However, the concentration of
arsenic depends not only on depth of the
aquifers but also the geological and
geophysical aquifer’s
environment. The depth of the aquifers has
increasing linearity from 10.66 m to 54.86 m,

conditions of

0.15
o1
o M o) |
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as the ratio but the concentration of arsenic is
not decreasing linearity of the tube well of
Alampur village. The depth of the aquifers has
increasing linearity from 10.66 m to 54.86 m.
As a ratio of concentration with depth, the
concentration of arsenic did not obey a
linearity with depth of aquifer. The
concentration of arsenic in soil samples lie
with the range of limit values (5 mg/Kg). The
concentration of arsenic was within of the
values for soil samples (5 mg/Kg). It indicated
that, less chance of arsenic is in food materials
from soil. Although, the tube well water of
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Alampur village contaminated with arsenic.
The villagers of Alampur should be drinking
arsenic free water from any other alternative
sources. However, arsenic content of in food
materials within the limit of Australian food
hygiene (1.0 mg/Kg).

BGS=British Geological Survey of Bangladesh
DPHE=Department of Public Health of
Engineering
JICA=Japan
Agency
STW=Shallow Tube well
GPS=Global Positioning System
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