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Abstract

The present study was conducted to find the status of different soil quality variables of the Meghna
River during the period from September, 2015 to March, 2016. The values of different soil quality
parameters such as silt, sand, clay, bulk density, pH, EC and organic matter fluctuated between
13.33-58.33%, 29.25-88.42%, 4.92-17.42%, 1.43-1.71g/cm’, 6.86-8.06, 43-942.67us/cm and
0.24-3.1% respectively. The heavy metals were analyzed by Atomic Absorption
Spectrophotometer (AAS). The observed order of heavy metals mean concentration in sediments
Fe> Pb >Cr > Co > Cd in mg/kg, respectively. Significant differences (p<0.05) was found in the
values of soil organic matter of the Meghna river in terms of sites. But the value of silt, sand, clay,
bulk density, pH and EC exhibited no significant variation with sites. The concentration of silt,
sand, clay, bulk density, pH, EC and organic matter showed no significant variation with seasons
(p>0.05). Very strong positive correlation between Cr vs EC (0.965), Cd vs EC (0.962), Cd vs Cr
(0.959) and bulk density vs % sand (0.951) was observed at the significance level 0.01. Fe vs %
sand (0.944), Cd vs Fe (0.824), Pb vs % O.M (0.823) and bulk density vs Fe (0.822) showed very
strong positive correlations at 0.05 level of significance. The concentration of the soil parameters
indicate that the river is being polluted and the statistical analysis proved that anthropogenic
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sources are the main contributor.
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Introduction

The quality of soil is the ability to supply essential nutrient
components to the plants in suitable extent and in adequate
proportion for their optimum growth, support human health
and habitation (Larson and Pierce, 1991; Suresh and
Nagesh, 2015). Such kind of qualitative soil contain
biological elements that are key to ecosystem functions
(Doran et al., 1996) and productivity of soil that maintain
the quality of surrounding air and water, as well as promote
plant, animal and human health (Doran and Zeiss, 2000).
Quality soil provide fresh air and water, plentiful crops and
forests, diverse wildlife and beautiful landscape (Karlen et
al., 1997). Soil quality has constantly changed with an
upsurge in the understanding of soils and soil quality
features. Soil quality can be measured through indicators of
oil properties that are sensitive to changes in management
(Andrews and Cambardella, 2004). A large number of soil
function dependent indicators are used for the assessment of
soil quality (Bone et al., 2010). In the humid tropics, spatial

and temporal variability in the quality of soils is
pronounced due to variable land uses (Onweremadu ef al.,
2006; Onweremadu, 2007).

Indicators differ according to the place and the level of
complexity of measurements (Riley, 2001). The dynamic
quality of soil controlled by physical, chemical and
biological components and their interactions which can
affect its sustainability and productivity (Parpendick and
Parr, 1992). Among physical, chemical, and biological
components, biological indicators of soil are critically
important (Abawi and Widmer, 2000). Since soil quality is
strongly influenced by nutrient cycling, nutrient capacity
and aggregate constancy. Biological indicators measured
usually include soil organic matter and mineralizable
nitrogen which play an important role in soil function, soil
quality determination, holding capacity and
susceptibility of soil to degradation and soil organic
matter (Giller and Cadisch, 1996; Lal et al., 1997).
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Soil quality information is needed to help farmers to know the
chain of causes and effects that connect farm decisions to
ultimate productivity indicators and health of plants and
animals. The quality of soil depends on agricultural use
(Andrews and Carroll, 2001); where attention is paid to plant
and animal productivity in cultivated soils (Liebig et al.,
1996), as opposed to urban soils (Idowu and Van, 2007).
Nutrient imbalance in soil, excessive fertilization, soil
pollution and soil loss processes exert adverse effects on soil
quality (Zhang et al., 1996; Hedlund et al., 2003). Food
production is decreasing in Africa due to loss or reduction in
soil quality which can also affect the maintenance of the
quality of adjacent air and water environments (Karlen et al.,
1997; Lal et al., 1997). Variation in nutrient concentration
across landscape has become the pivotal point of many
ecological research (Benning and Seastedt, 1995). Spatial
variation of soil quality and ultimate productivity is largely
affected by farming, sand dredging, compaction of soil, and
other anthropogenic activities. The soil quality assessment is
necessary to assess the degradation status and changing
trends (Lal and Stewart, 1995). In the developing world, soil
quality investigation under intensive land-use and fast
economic development is a major challenge for sustainable
resource use (Doran et al., 1996). This study, therefore,
conducted to investigate the extent of temporal and spatial
variation and level of soils quality of the Meghna River.

Materials and methods
Sampling sites

Sediment samples were collected form two sites: Effluent
discharged area (Boro Bazar) and far away from the
discharged area (Boiddamar Char) of the Meghna River near
Narsingdi District (Fig. 1). Sampling procedures were
performed in three phases: firstly, September, 2015 (Rainy
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Fig. 1. Map showing sampling points of the Meghna
River (Map created by ArcGIS v.10.3)
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season); secondly, January, 2016 (Winter season) and thirdly,
March, 2016 (Pre-monsoon).

Sample collection

After selection of sampling points, a total of 12 sediment
samples were collected. 6 sediment samples were collected
from industrial impacted site and rest 6 samples were
collected from the pristine area (3 km away from industrial
zone). Immediately after collection, sediment sample were
transferred to the laboratory of Department of Soil Science,
University of Chittagong, Chittagong, Bangladesh.

Assessment of soil quality

Soil samples were collected from the study area by using
transect method along with stratified random technique
(Hale, 2013). For soil sampling, three transects maintaining
distances of 1 km. Two sites of river located in each transect
were chosen maintaining an equidistance from one to another
for the collection of soil sample. A hand held cylindrical
corer (length: 30cm, diameter: 3.7cm) was used for the
collection of three replicated samples from each sites of the
river following ‘S’ shaped design. The collected soil samples
were air dried, powdered and passed through a 0.5mm mesh
sieve. Before analysis, soil samples were finally dried in an
oven at 105°C for 24 hr except for organic matter sample
(samples were air dried). Soil pH was recorded in-situ
condition. Soil pH was determined by Hanna soil pH meter
(Islam et al., 2016). EC was determined by Hanna EC meter
(Mondol et al, 2013), Soil Organic Matter (SOM) was
measured by Walkey and Black wet oxidation. Soil texture
(% of sand, silt and clay) in the study area was analyzed by
the hydrometer method described by Huq and Alam (2005),
modified from Bouyoucos (1936). Soil bulk density was
determined by the method described by Huq and Alam
(2005). Soil sample was also collected by 5.3cm long and
1.9cm diameter plastic core for bulk density determination
(Huq and Alam, 2005). The heavy metal contents of collected
sediments were determined by AAS (Model-iCE 3300,
Thermo Scientific) and by complying standard procedures
(APHA, 1995). Soil was digested following Acid Digestion
Method (Bhuyan and Bakar, 2017)

Data analysis

One Way Analysis of Variance (ANOVA) test was
performed to find out the significant variation among
different soil variables measured from different sites in
different seasons. A correlation matrix was executed to show
the relationship among different soil variables. Graph was
produced using SPSS (v.22) to show significant variations
among soil quality variables.
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Results and discussion

Soil fertility is the constituent of soil quality (Hou et al.,
2014; Kong, 2014; Toth et al., 2013). Fertile soils provide the
nutrients essential for plant growth. In the present study the
values (average = SD) of different soil quality indicators like
silt, sand, clay, bulk density, pH, EC and organic matter of the
sediment of the Meghna River situated at different sites are
presented in details in Table 1. The well-balanced
concentrations of sand, silt and clay allow for water retention
and drainage, oxygen in the root zone, nutrients to simplify
crop growth; and they deliver physical support for plants
(Jenny, 1941). In monsoon season silt and loam were
predominant in the polluted site while sandy and loam soil
were found in the non-polluted site (Table I). Sandy soil
pattern was found during post-monsoon in the polluted site

Table 1. Soil quality variables of the Meghna River

1.04-4.36% and 67.88-81.37% in Rajakhali Canal of the
Karnaphuli River. Islam et al. (2016) found the percentage of silt
and sand fluctuated between 32.73-51.47% and 6.17- 41.09% at
the coastal shrimp culture pond at Chakaria, Cox’s Bazar. The
percentage of clay ranged between 4.92-17.42 at two sites
(polluted and non-polluted) of the river during different seasons.
Substantial changes in the concentration of clay was found
during pre-monsoon than monsoon and post-monsoon at the
polluted (7.42+1.44) and non-polluted (17.42+1.44) site (Table
I). The soil of the Meghna River was mostly sandy loam, silt
loam and loam (Table I). This variation was found in the soil
parameters emphasize that the river bottoms were uneven in soil
quality. The difference could have been formed by
sedimentation processes during the past sewage swamp system
(Rahman, 1992; Barua and Zamal, 2011; Venkatramanan et al.,
2013a, b; Hossain et al., 2014).

. Textural 94 Silt % Sand %Clay Bulk Density pH EC (us/cm)  %O.M
Seasons  Sites 3
Class (g/em?)
Polluted I 58.33+1.44 29.2542.5 12.42+1.44 1.46+0.02  8.06%0.29 64.13+332  3.1£0.22
oliute
Loam
Monsoon . Sandy 77.58+1.44 7.42+41.44 1.63£0.03  6.9940.02  43+4.37 0.52+0.08
15+0.0
polluted ~ Loam
Sandy ~ 6.67+2.89  88.42+1.44 4.92+144 1.7140.05  7.95:0.01  942.67+28.11 2.58+0.15
Polluted
Post
monsoon  Non - Loamy  13.33+1.44 80.92+1.44 575+00  1.67+0.0 7.24+0.04  108.83+5.57  0.29+0.15
polluted  Sand
Sandy  37.5+25 55.08+1.44 7.42+1.44 1.58+0.03  6.86£0.03  290.67+7.37  1.43+0.0
Polluted
Pre- Loam
monsoon  Non - Loam 40+2.5 42.58+1.44 17.42+1.44 143+0.02  7.26£0.06 59.47+2.55  0.24+0.09
polluted

and loamy and was recorded in the non-polluted site. Sandy
and loam soil was found in the contaminated site in the
pre-monsoon whereas loam soil was recorded from the
reference site (Table I).

The concentration of silt and sand varied between 13.33-58.33%
and 29.25-88.42% (Table I). During monsoon the silt and sand
concentration was 58.33+1.44 and 29.25+2.5 in the polluted site
and 15+0.0 and 77.58+1.44 was in the pollution free site. Minor
variation in the concentration of silt and sand was recorded
during post-monsoon at both the site (Table I). Islam et al.
(2015) recorded silt and sand particles fluctuated from

Bulk density of the present study was recorded between
1.43-1.71 g/cm® (Table I). The highest bulk density
(1.71£0.05 g/cm®) was recorded at the polluted site during
post-monsoon and the lowest (1.43+0.02 g/cm?®) was recorded
from non-polluted site during pre-monsoon (Table I).
Townsend (1982) reported that soils rich in organics and
some friable clay may have a bulk density well below 1
g/cm?. The present result is far above the result mentioned by
Townsend (1982). Islam et al., (2016) found soil bulk density
fluctuated between 0.83 to 1.05 g cm-* at the ponds of
different tide marks. Typical values of bulk density for soil
shown in Table II.
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The value of soil pH fluctuated between (6.86-8.06) during
different seasons at two sites (Table I). Maximum pH was
found 8.06 from the polluted site during monsoon whereas the
minimum was 6.86 also recorded from polluted site during
pre-monsoon (Table I). This results fully acquiesced with
Islam et al., (2016). Mondol et al., (2013) reported that the
average pH value was 6.7 and 6.5 during wet and dry season at
the vicinity of the Tejgaon industrial area adjacent to Dhaka
City Corporation. Njoku (2013) recorded the pH variation
(5.57-6.52) in the Niger Delta Region of Nigeria. Bottom soil
pH can range from less than 4 to more than 9 but the best pH
for soils is considered to be about neutral pH 7 (Boyd, 1995).
Maximum availability of soil phosphorus usually occurs at
about pH between 6 and 7.5 (CFA, 1995). Most soil
microorganisms, and especially soil bacteria, function best at
pH 7 to 8 (Boyd, 1995). In the present study the highest
amount of Electrical Conductivity (EC) was recorded 942.67
ps/cm at polluted site during post-monsoon. The lowest
concentration of EC was recorded 43us/cm at non-polluted

in the Eastern Cape (Hall and Du Plessis, 1979), the Riet River
in the Free State (Van der Merwe, 1965), the Berg and Breede
Rivers in the Western Cape (Cass, 1986) and the Vaalharts
Irrigation Scheme in the Northern Cape (Streutker et al., 1981).
High levels of salinity has negative effect on soil quality and
crop yield (Rensburg et al, 2011). Soil organic matter have
exert great influences on the chemical, biological, and physical
properties of the soil beneficial to crop production (Dexter and
Bird, 2001; Pagliai and Vignozzi, 2002; Wosten et al., 1999)).
The percentage of soil organic matter ranged between
0.24-3.1% which is far below the ideal soil organic matter of
5% (Cragin, 2013) (Table I). The greatest amount 3.1+0.22 was
documented from the polluted site during monsoon while the
low concentration was recorded 0.24+0.09 at non-polluted site
during pre-monsoon (Table I). This low amount of organic
matter content also indicate low total nitrogen content in the
soil. Mondol et al. (2013) recorded the amount of organic
matter 4.87-11.55% at the vicinity of the Tejgaon industrial
area adjacent to Dhaka City Corporation. Organic matter was

Table II. Typical values of organic matter and bulk density for the 12 FAO/USDA soil texture classes (Dexter, 2004)

FAO/USDA texture class Organic Matter (%) Bulk Density (Mgm~ 3)
Clay 4.47 1.249
Sand, clay 3.61 1.334
Silt, clay 3.85 1.309
Clay, loam 3.22 1.376
Silt, clay, loam 3.22 1.376
Sand, clay, loam 2.89 1.414
Loam 241 1.474
Silt, loam 2.26 1.492
Silt 1.83 1.552
Sand, loam 2.07 1.518
Loam, sand 1.78 1.559
Sand 1.73 1.566

site during monsoon (Table I). Mondol ef al. (2013) recorded
the amount of EC 25-551 ps/cm at the vicinity of the Tejgaon
industrial area adjacent to Dhaka City Corporation. Soil EC is a
measure of the quantity of salts in soil (salinity of soil).
Salinisation of water resources in many area of the world is a
great concern for irrigation. Problems associated with salinity
in irrigated agriculture had been encountered in some of the
areas viz: the irrigation schemes of the Fish and Sundays Rivers

found to increase cation exchange capacity that aided in the
decomposition of dead algae, consume oxygen and release
toxic gas like CO,, H,S and NH, (Colt and Armstrong,
1981; Boyd, 1995; Camargo ef al., 2005). Loveland and
Webb (2003) studied on many literature and failed to
identify a critical lower threshold of soil organic matter for
sustained soil functions. Optimum values of organic matter
for soil shown in Table II.
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Heavy metal concentration is controlled mainly by the
textural composition of the sample, i.e., fine-grained
sediments contain higher concentrations of trace metals than
sand-dominant sediments (Hossain et al., 2014; Dar, 2014;
Venkatramanan et al., 2014a, b; Machender et al., 2014,
Rajganapathi ef al., 2013). Iron (Fe) was ranged between
737-2385 mg/kg (Table III). The maximum value was
recorded 2385 mg/kg in polluted area during monsoon lower
than the concentration was found by Balkis ef al. (2010)
from Gokova Bay, Turkey. The lowest amount was 737
mg/kg found during monsoon season at the polluted site
(Table III). Highest value (6.98 mg/kg) of Pb was recorded
in the polluted area during the post-monsoon at polluted site
that is similar to Begum et al. (2009). Ahmad et al. (2010)
reported that maximum value of Pb (77.13 mg/kg) was found
in sediment from the Buriganga River during pre-monsoon.
The low concentration (2.35 mg/kg) was found during
monsoon at non-polluted site (Table III). Very low
concentration can affect brain and nervous system, chronic
kidney disease and probably cancer (ATDSR, 2007; IARC,
2006). Guideline values for metals in soils shown in Table
IV. Soils affected by high amount of chromium (Cr) can be
quite complex (Palmer and Wittbrod, 1991; Pagilla and
Canter, 1999), Maximum value (6.81 mg/kg) of Cr was
found from polluted area during post-monsoon season
(Table IIT). The concentration is higher than the results stated
by Balkhair and Ashraf (2016) and Brady and Weil (1996).
The minimum concentration (1.27 mg/kg) was recorded
during monsoon at non-polluted site (Table III). Guideline
values for Cr in soils shown in Table I'V.

Cobalt (Co) is essential element to human health (e.g. vitamin
B12) but in excess amounts can cause serious effects to lungs
and heart (ATSDR, 2004). The transmission potential from
soil to the palatable parts of plants is rather low (Luo ef al.,
2010). In the present study the supreme value of Co was
found 0.86 mg/kg in impacted site during post-monsoon that
is far below than the results of Topcuoglu ef al. (2004) and
Balkis et al. (2007). The minimum value of Co was found
0.20 mg/kg from non-polluted area during monsoon season
(Table III). Guideline values for Co in soils shown in Table
IV. Cadmium (Cd) come into the human body through the
food materials that accumulate Cd from the soil. Soil
protection actions are needed to improve the present state by
preventing any further Cd contamination e.g. by controlling
Cd in phosphorus fertilizers (Toth et al, 2016). The
concentrations of Cd ranged between (0.01-0.53 mg/kg) are
quite similar to the results of Ergul ef al. (2008). The highest
amount 0.53 mg/kg was found at impacted site during
post-monsoon (Table III). But higher amount of Cd was
found by Ahmad et al. (2010) and Begum et al. (2009).
Guideline values for Cd in is soils shown in Table I'V.

Correlation matrix

The interrelationship among soil variables found in the
present study was measured at different significant levels
(Bhuyan and Bakar, 2017; Bhuyan et al., 2017). Very strong
positive correlation between Cr vs EC (0.965), Cd vs EC
(0.962), Cd vs Cr (0.959) and bulk density vs % sand (0.951)
was observed at the significance level 0.01 (Table V). The

Table II1. Heavy metal concentrations (mg/kg) in sediment of the Meghna River

Fe Pb Cr Co Cd
Polluted 737 6.75 2.69 0.59 0.01
Monsoon Non -
1165 2.35 1.27 02 0.02
polluted
Polluted 2385 6.98 6.81 0.86 0.53
Post -
Non -
monsoon 1778 2.73 1.86 0.81  0.01
polluted
Polluted 1065 5.1 2.42 027 0.01
Pre -
Non -
monsoon 1047 5.18 1.47 0.67 0.02

polluted
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result also similar to the results stated by NRCCA (2010). %
Sand vs % silt (-0.990) and bulk density vs clay (-0.948)
showed very strong negative correlations at the 1% level of
significance (Table V). Very strong positive correlations
were found between Fe vs % Sand (0.944), Cd vs Fe (0.824),
Pb vs % O.M (0.823) and bulk density vs Fe (0.822) at 0.05
level of significance (Table IV). Bulk density vs % silt
(-0.899) and Fe vs % silt (-0.842) exhibited strong negative
correlation at the alpha level 0.05 (Table V). These results are
similar to the results found by NRCCA (2010).

53(2) 2018

Spatial and temporal changes in soil quality indicators

Significant differences (p<0.05) was found in the values of
soil organic matter of the Meghna river in terms of sites
(Fig. 2). But the value of silt, sand, clay, bulk density, pH
and EC exhibited no significant variation with sites
(p>0.05). The concentration of silt, sand, clay, bulk density,
pH, EC and organic matter showed no significant variations
with seasons (p>0.05).

Table IV. Threshold and guideline values for metals in soils (extract; MEF, 2007)

Metal Threshold value mg/kg Lower Higher
guideline value mg/kg guideline value mg/kg

Iron (Fe) - - -

Lead (Pb) 60 200 (t) 750 (e)
Chromium (Cr) 100 200 (e) 300 (e)
Cobalt (Co) (p) 20 100 (e) 250 (e)
Cadmium (Cd) 1 10 (e) 20 (e)
Ecological risks (e) Health risks (t)

Table V. Correlation among the soil quality parameters
Correlations %Silt % Sand % Clay Bulk Density — pH EC %OM Fe Pb Cr Co cd
% Silt 1
% Sand -0.990" 1
% Clay 0.721 -0.811 1
Bulk Density -0.899"  0.9517  -0.948" 1
pH 0.184 -0.170 0.072 -0.076 1
EC -0.502 0.528 -0.518 0.592 0.424 1
% O.M 0.329 -0.252 -0.127 -0.029 0.797  0.491 1
Fe -0.842" 0.844" -0.658 0.822" 0.244  0.804  0.057 1
Pb 0.421 -0.403 0.236 -0.286 0.741  0.551 0.823"  0.072 1
Cr -0.363 0.396 -0.442 0.490 0.643 0.965"  0.665 0.739  0.677 1
Co -0.216 0.182 0.002 0.150 0.632 0432 0.182 0617 0383  0.522 1
cd -0.540 0543 -0.431 0.557 0.541 0962 0473 0.824" 0528 0.959" 0.517 1

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Fig. 2. Variations (Mean=SD) of soil quality parameters. Bars with the same letter are statistically indifferent

Conclusion

Optimum growth of species (both plant and fish) in the
Meghna River depend mainly on the finest level of sediment
and water quality variables. The present study on soil quality
parameters revealed that the surrounding areas were polluted
and detrimental for aquatic ecosystem. Anthropogenic
sources (industrial and agricultural activities) are the prime
responsible factor for river health deterioration. Industries
should use the effluent treatment plant (ETP) before
discharged their effluents into the river. Proper monitoring of
the river by the Government need to be implemented. The
government agencies, private agencies and scientists should
work together to protect the river with proper attention.
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