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Abstract A study was conducted to evaluate the heavy
metal contamination status of groundwater in Brahmapu-
tra flood plain Barpeta District, Assam, India. The
Brahmaputra River flows from the southern part of
the district and its many tributaries flow from north to
south. Cd, Fe, Mn, Pb, and Zn are estimated by using
atomic absorption spectrometer, Perkin Elmer AA
200. The quantity of heavy metals in drinking water
should be checked time to time; as heavy metal
accumulation will cause numerous problems to living
being. Forty groundwater samples were collected
mainly from tube wells from the flood plain area.
As there is very little information available about the
heavy metal contamination status in the heavily
populated study area, the present work will help to
be acquainted with the suitability of groundwater for
drinking applications as well as it will enhance the
database. The concentration of iron exceeds the WHO
recommended levels of 0.3 mg/L in about 80% of the
samples, manganese values exceed 0.4 mg/L in about
22.5% of the samples, and lead values also exceed
limit in 22.5% of the samples. Cd is reported in only
four sampling locations and three of them exceed the
WHO permissible limit (0.003 mg/L). Zinc concen-
trations were found to be within the prescribed WHO
limits. Therefore, pressing awareness is needed for the
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betterment of water quality; for the sake of safe drinking
water. Statistical analysis of the data was carried out
using Special Package for Social Sciences (SPSS 16).
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Introduction

The ability of water body to support aquatic life, as
well as its suitability for other uses depends on many
trace elements. Some metals present in trace quantity
are important for life as it helps and regulates many
physiological function of the body. The same metal,
however, can cause severe toxicological effects on
human health and the aquatic ecosystem. For example
metals like Cu, iron (Fe), manganese (Mn), Ni, and
Zn are essential as micronutrients for life processes in
plants and microorganisms while many other metals
like Cd, Cr, and Pb have no known physiological
activity, they are proved detrimental beyond a certain
limit (Marschner 1995; Bruins et al. 2000). Water, the
most important natural resource in the world, has the
unique property of dissolving and carrying in suspen-
sion a huge variety of chemicals and hence water can
easily become contaminated (Tiwari and Ali 1988).
Water pollution by heavy metals resulting from
anthropogenic impact is causing serious ecological
problems in many parts of the world. This situation is
aggravated by the lack of natural elimination process
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of metals. The toxic effect of metal depends on its
characteristics. They become toxic when complexes
are form with organic compound (Akbulut and Tuncer
2011). The chemical composition of groundwater is a
measure of its suitability as a source of water for
human and animal consumption, irrigation, and for
industrial and other purposes. Climate change and
urban and industrial development cause severe threat
to drinking water integrity as well as sustainability.
National and international collaboration is necessary
for long-term approaches (Watson and Lawrence
2003). The definition of water quality is therefore
not objective, but is socially defined depending on the
desired use of water (Babiker et al. 2007). Contam-
ination of groundwater by heavy metals has been
given much attention due to their low biodegradabil-
ity and toxic effects (Numberg 1982; Ramesh et al.
1995). Khalil et al. (2008) reported heavy metal
content and their toxicity in soil runoffs and ground-
water collected from two mining areas in the region of
Marrakech in southern Morocco. High copper and
zinc concentrations confirm the acute toxicity shown
by MetPLATE™ bioassay in the study. Yayintas et al.
(2007) studied heavy metals and major elements in
the wastewater of Kocabas Stream and it is reported
that Cr is high in concentration originating from
tannery waste. Aktar et al. (2010) in their study found
that the surface water of Ganga River around Kolkata
in West Bengal is rich in essential micronutrients
(Mn, Zn, and Cu) at various locations. The concen-
tration of those metals varied with season, being
higher in rainy and lower in winter season. Chakrabarty
and Sarma (2011) have reported that a good number
of the drinking water sources of Kamrup District of
Assam, India were contaminated with cadmium,
manganese, and lead. The database of Barpeta District
is very poor and very little information is available
about the status of heavy metal contamination. The
main objectives of this study were to find out the level
of selected heavy metals in groundwater from
Brahmaputra flood plain in Barpeta District, Assam,
India.

Experimental
The study area Barpeta (Fig. 1) is situated in the

northern bank of River Brahmaputra. Barpeta is
renowned in the historical map of Assam as the
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“Land of the Satras”. The district covers an area of
2,645 km?. The geographical location of the district is
between north latitudes of 26'5"” to 26'49"” and east
longitude of 90'39” to 91'17". Barpeta District falls
under Lower Brahmaputra valley zone. The northern
part of the district is elevated and covered by forests
and tall grass, while the southern part is close to the
northern bank of the Brahmaputra low lying flood
plain zone. Some hills also break the riverine area just
north of the river. The total population of the district
is 1,642,420 and ranks fourth in overall ranking
among the district population size in Assam. The
district has soil cover of younger and older alluvial
soil which has undergone diversified pedagogical
changes. For the present study, 40 water samples
were collected randomly from the floodplain area
during winter and pre-monsoon season (November
2008 to April 2009). The samples were collected in 1-
L polythene cans after flushing out the tube wells
(minimum 10 min) to get the fresh groundwater and
compiled together in clean and sterile 1-L polythene
cans rinsed with dilute HCI. Analysis of cadmium,
iron, lead, manganese, and zinc was done using
atomic absorption spectrophotometer (Perkin Elmer
AA200) with flow injection analyzing mercury hydride
generation system (Model FIAS-100) at 228.80-,
248.33-, 283.31-, 279.48-, and 213.86-nm analytical
wavelengths, respectively. The minimum detection limit
of AAS is 0.002, 0.005, 0.01, 0.02, and 0.005 mg/L for
cadmium, iron, manganese, lead, and zinc, respectively.
For the digestion and pre-concentration of the samples,
standard methods (APHA 1998) were followed. Nitric
acid digestion procedure is used for the preparation of
samples. The instrument was used in the limit of
precise accuracy and all chemicals and reagents were
analytical grade. Double-distilled water was used for
all purposes. Different samplings locations of the
study are shown in Table 1 and descriptive statistics
in the forms of mean, variance, standard deviation,
median, range of variation, skewness, and kurtosis are
calculated and summarized in tabular forms (Table 2).
SPSS® statistical package (Windows 134 version
10.0) was used for data analysis.

Results and discussion

The quality of the groundwater and status of metal
pollution were evaluated on the basis of the quality
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Table 1 Water sampling

stations in the study area Site Name of the location  Sources Site Name of the location  Sources
1 Sarbhog Tube well 21 Keotkuchi Tube well
2 Meda Tube well 22 Patbousi Ring well
3 Dekarbari Tube well 23 Ganakkuchi Supply water
4 Sarthebari Tube well 24 Barpeta Tube well
(college road)
5 Kamarpara Tube well 25 Bhella Tube well
6 Belbari Tube well 26 Nagaon Tube well
7 Kapla Tube well 27 Bengapara Tube well
8 Bainakuchi Tube well 28 Haladhi bari Ring well
9 Lashima Tube well 29 Nasatra Tube well
10 Byaskuchi Tube well 30 Bhatkuchi Tube well
11 Patacharkuchi Tube well 31 Karertal Tube well
12 Patsala Supply water 32 Tetlital Gaon Tube well
13 Bajali Tube well 33 Barbali Tube well
14 Hawly Tube well 34 Batgaon Tube well
15 Bhabanipur Tube well 35 Musalmangram Tube well
16 Simlaguri Tube well 36 Bahari Tube well
17 Nityananda Tube well 37 Kadamtola Tube well
18 Pakabetbari Tube well 38 Chenga Tube well
19 Barpeta Road Supply water 39 Malipara Tube well
20 Sundaridia Tube well 40 Bamun Baradi Tube well

standards as suggested by the guidelines of WHO.
Physiographically the major part of the district forms
the part of vast alluvial stretch of Brahmaputra River
stretching in east—west direction and its northern parts
extends up to the foothills of the Bhutan Himalayas.
The alluvium deposits are product of interaction of
Brahmaputra River and its tributaries. The alluvial
plan is made up of boulders, pebbles, cobbles, sand,
silt, and clay which are distributed in an unsorted

manner. Groundwater in the alluvium formation
occurs under semi-confined condition in deeper
horizons. The average depth of the water table varies
from 2 to 4 m in flood plain areas. The water of the
region is mostly alkaline in nature (CGWB 2008).
According to the results and findings of the study, the
iron concentration is found to be high in most of the
samples as they exceed the WHO guideline value of
0.3 mg/L. Singh (2004) found that the amount of iron

Table 2 Descriptive statistics of

the metal contents of ground- Statistics Fe Cd Mn Pb Zn

water in the study area
Mean 0.66770 0.00112 0.27960 0.00963 0.06878
Standard error of mean 0.066886 0.000644 0.058656 0.003203 0.027171
Median 0.57800 BDL 0.06800 BDL BDL
Standard deviation 0.423037 0.004071 0.370973 0.020254 0.171847
Variance 0.179 0.000 0.138 0.000 0.030
Skewness 1.050 3.803 1.734 2.313 3.152
Kurtosis 0.219 14.248 3.255 4.761 9.806
Range 1.500 0.020 1.631 0.078 0.730
Minimum 0.120 BDL BDL BDL BDL
Maximum 1.620 0.020 1.631 0.078 0.730

BDL below detection limit

@ Springer



Environ Monit Assess (2012) 184:6229-6237 6233

Heavier amount of iron can cause serious health
problems or premature death. Toxicity of iron may
damage the liver, heart, and endocrine glands, leading
to debilitating and life-threatening problems such as

in Assam was relatively high and above the permis-
sible level in drinking water. The concentration of
iron in the study area is not suitable for food
processing, dyeing, bleaching, and many activities.
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diabetes, heart failure, and poor growth (Nduka and
Orisakwe 2010). Various studies show that the
amount of iron in northeastern region is relatively
high and almost all states contain iron above the

permissible limit. Figure 2 shows range of iron
concentration (in milligrams per liter) in the sampling
locations. Iron and manganese are commonly found
in gravels and rocks principally in an insoluble form.
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The higher concentration of iron in tube well water
may be due to soil origin and used older iron pipes. In
a report of Assam Science Technology and Environ-
mental Council, it is also mentioned that the distribu-
tion of iron in the shallow groundwater shows high
concentration of iron along the northern bank of the
Brahmaputra River in Assam. Nine samples of the
study area are found to be contaminated by Pb as they
exceed WHO permissible limit. Lead is the most
significant of all the heavy metals because it is both
very toxic and very common. Large difference
between mean and median, significant positive skew-
ness and kurtosis value depicts that the distribution of
lead in the study area is asymmetric. Groundwater
may be contaminated by lead due to enlistment either
natural or enriched from anthropogenic activities in
the soil and, in some cases, mineral weathering
(Buragohain et al. 2010). As Pb-containing minerals
are less soluble in water, its concentration is generally
low in natural water (Venugopal et al. 2009).
Chemical fertilizer used in agricultural field may
cause Pb pollution as agriculture is the mainstay of
a large majority of the population of Barpeta District
but the potential sources of lead in this region are yet
to be identified. Manganese in water can promote the
growth of iron bacteria, a group of organisms that
obtains its energy for growth from the chemical
reaction that occurs when manganese mixes with
dissolved oxygen. The range of manganese concen-
tration (in milligrams per liter) in the study area is
shown in Fig. 3. The studied locations are polluted in
terms of manganese concentration as few are crossed
and few are approaching WHO guideline value.
Manganese values exceed 0.4 mg/L in about 22.5%

of the samples. There also exist positive correlation
between iron and manganese. Fe and Mn are metals
that occur naturally in soils, rocks, and minerals. In
the aquifer, groundwater comes in contact with these
solid materials dissolving them, releasing their con-
stituents, including Fe and Mn, to the water.

Cadmium occurs mostly in association with zinc
and gets into water from corrosion of zinc-coated
(“galvanized”) pipes and fittings. Cd is reported in
only four sampling locations and three of them exceed
the WHO permissible limit (0.003 mg/L). In natural
surface waters, the concentration of zinc is usually
below 10 pug/L and in groundwaters, 1040 pg/L
(Elinder 1986). In tap water, the zinc concentration
can be much higher as a result of the leaching of zinc
from piping and fittings (Nriagu 1980). All the water
samples in the present study fall below the current
standard for zinc, which is 4 ppm (WHO 2004).
Positive kurtosis and skewness value pointed
towards sharp zinc distribution with a long right
tail in the study area. The intensity of metal
contamination of groundwater in the district fol-
lows the trend Fe > Mn > Pb > Zn > Cd while compared
with the mean value. Positive skewness of the studied
parameter indicates the distribution with an asymmetric
tail extending towards more positive value.

The information of relationship of the measured
variables are unknown, therefore one-tailed test of
significance was carried out. Pearson correlation
analysis showed (Table 3) that the parameters of the
analyzed samples were weakly and moderately
correlated to each other at p<0.05 level. A significant
positive correlation was found to exist between Zn
and Cd (0.302) and Pb (0.292) signifying their similar

Table 3 Correlation table

Cd Fe Mn Pb Zn
Cd Pearson correlation 1 —-0.019 —0.005 0.191 0.302°
Significance (one-tailed) - 0.455 0.487 0.119 0.029
Fe Pearson correlation -0.019 1 0.200 0.132 —0.081
Significance (one-tailed) 0.455 - 0.108 0.208 0.311
Mn Pearson correlation —0.005 0.200 1 —0.006 0.080
Significance (one-tailed) 0.487 0.108 - 0.486 0.313
Pb Pearson correlation 0.191 0.132 —0.006 1 0.292°
Significance (one-tailed) 0.119 0.208 0.486 - 0.034
Zn Pearson correlation 0.302% —0.081 0.080 0.292% 1
“Correlation is significant at the Significance (one-tailed) 0.029 0.311 0313 0.034 -

0.05 level (one-tailed)
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source of geogenic origin and mobility. It is also
observed that some of the water quality parameters
are negatively correlated. A correlation between Fe
and Mn (0.200) was also observed in the collected
water samples of the study region.

Conclusion

The assessment of groundwater metal toxicity, sam-
pled from selected locations, shows that some
samples are contaminated and this contamination is
attributed to its elevated concentration of Fe, Mn, and
Pb. Different statistical estimations, viz. standard
deviation, variance, skewness, and kurtosis, per-
formed for each parameter indicate that their distri-
bution in the study area is widely off normal with a
long asymmetric tail either on the right or left side of
the median. All the water samples analyzed in the
present investigation are contaminated with iron and
partially with manganese, lead, zinc, and cadmium.
Therefore, the water should be subjected to suitable
chemical or biological treatments especially for
keeping Fe and Mn within the prescribed safe levels.
The sampling locations which have higher metal
concentration, i.e., above the WHO permissible limit,
can be used to search for the source of pollution, for
planning prevention measures, and to prevent pollu-
tion. The present study provides the baseline data for
the assessment of metal contamination in the flood
plain area of Barpeta District, Assam. Periodical
monitoring should be carried out to check the rise in
metal concentrations of groundwater.
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