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Abstract

Background: The aim of this study is to evaluate the quality of soil for environment in terms of the spatial distribu-
tion patterns of some selected elements such as pH, total nitrogen (N,), sulfur (S), potassium (K), phosphorus (P), iron
(Fe), and arsenic (As) in 42 surface and sub-surface soil samples. These samples were collected from different locations
around the coal stockpiles of Tamabil, Sylhet. However, primarily the collected soil samples were tested in the labora-
tory. Consequently, these data were computed and justified under multivariate statistical approaches for example
correlation matrix, principal component, and factor analysis.

Results: The examined soils showed a high variability in the element concentrations especially in the case of pH
and sulfur. The principal component and factor analyses reflected that the total variance of surface soil is 79.89%
whereas it is 80.99% for subsurface soil. This result suggests that the soil-coal interaction with anthropogenic impact
is the dominant factors for affecting the soil quality. The correlation matrix of surface and subsurface soil, from where
itis cleared that there is no parameters are neither strongly positively correlated nor negatively correlated with each
other. It implies that the heterogeneous source of different components of soil and possible ionic variability may be
contributed from multiple anthropogenic sources.

Conclusions: At the end based on the present analysis, the soil quality of the study area is becoming acidic. If pre-
cautions are not taken immediately, the people and other living organisms will face difficulties. Therefore, a particular
area should be used for coal stocking place, and there should be a proper barrier so that coal can't mixed with the
surrounding soil and water of the environment. Consequently, it will be helpful to prevent the degradation of the
environment.
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Background

Coal stockpiles can be a dangerous threat to the sur-
rounding environment and ecosystem. It undesirably
affects water and soil quality, which in turn may adversely
affect plants, animals, and humans (Carlson 1990). Coal
stockpiles release fine dust in dry condition and during
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and indicate if changes were made.

rainy season chemical parameters of coal mixed with soil
and water through the leaching process. Firstly, the wind
blows over uncovered coal stockpiles results in fugitive
coal dust emissions that are a source of air pollutants (The
Conversation 2017). Secondly, coal stockpiles emit vola-
tile gases that can also lead to the formation of air pol-
lutants (The Conversation 2017). Indian coal is imported
in Bangladesh through the Tamabil (Sylhet) border and
stockpiled in open spaces of the adjacent to the border
area which contains high sulfur. Sylhet is the most rainfall
area of Bangladesh because it is a hilly region and near
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to Cheripunjo of India. Sulfur may form sulfuric-acid
through the reaction process with water. Accordingly,
the risk of acid formation is very high in this region as
water is very much available here. Sylhet is also an agri-
cultural region and acid formation may alter the chemi-
cal properties of the soil. So, it is very much important
to execute a research on this area to evaluate the chemi-
cal properties of soil so that a precise idea about the sur-
rounding area of the coal stockpiles can be obtained. In
order to understand the soil quality. the multivariate sta-
tistical analysis has been applied. Recently, a considerable
number of researchers have shown an increased interest
in the use of multivariate statistical analysis and geosta-
tistical techniques to achieve a sustainable exploitation
of water and soil resources (Narany et al. 2014; Howla-
dar et al. 2014; Howladar 2015; Howladar and Hossain
2015; Belkhiri and Narany 2015; Howladar and Rah-
man 2016). Therefore, the main aims of this study are to
examine the chemical parameters of the soil of the study
area, applying various methods to explain the soil quality
and its possible contaminants. Finally, discussed the link
between potential causes and consequences of environ-
mental problems around the study area.

Location of study area and stratigraphy

Location of study area

The study areas is situated in and around the coal and
lime storage area under 3 no. east Jaflong union of
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Gowainghat Upazila (Fig. 1) and also some area are situ-
ated in Jaintiapur upazilla, Sylhet. The study area covers
the village of Nilguri, Tamabil, Adorsho gram, Gujchho,
and adjacent areas of these villages. The latitude and lon-
gitude of the areas are N25°09'56.3" to N25°10'23.3" and
E092°06'11.2" to E092°05'29.6".

Stratigraphy

Tamabil has been differentiated into eight stratigraphic
formations such as Alluvium, Dihing, Dupi Tila, Giru-
jan clay, Tipam sandstone, Renji, Kopili shale, and Sylhet
limestone. Sylhet limestone formation has been found
as the oldest unit in the formation sequence which was
formed in Eocene age. The thickness of this formation is
about 25 m. It gives a clear message that formation lithol-
ogy is completely composed of sedimentary rock. From
the stratigraphic succession of the study area, it has been
found that Surma group [a stratigraphic unit (Reimann
1993), named after Surma valley by Evans (1932)] has the
highest thickness of 1309 m, which was formed in the
Miocene age. The lithology has been dominated by fine
to very fine grain sandstone with bullish gray laminated
shale (Hiller and Elahi 1988).

Method of analysis

Sample collection and data analysis

Samples were collected during the rainy season in the
year 2014. Total 42 samples were randomly collected
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from the study area among them 21 samples were col-
lected from the surface (around 0.5 ft depth) and 21 sam-
ples were collected from the sub-surface. Sub-surface
samples were collected from a 1.5 ft depth of the surface.
Locations of sampling points were determined using
a Global Positioning System and were used for plotting
these points on a map (Fig. 1). About 2 kg of soil was
collected for each site. The collected soil samples were
placed in polyethylene bags and transported on the day
of sampling to the laboratory. During sample collection,
transport, storage, and treatment procedures were fol-
lowed to minimize the possibility of contamination. In
the laboratory, the important chemical parameters were
determined for each sample.

Eight chemical properties of each sample, including
pH, organic matter (OM), potassium (K), sulfur (S), nitro-
gen (N), phosphorus (P), iron (Fe), and arsenic (As) were
determined. The pH of the soil sample was determined
by using a digital pH meter. Organic matter (OM) was
determined following potassium chromate method for
determination of soil organic matter (NY/T 1121.6 2006;
Rahman et al. 2017). Potassium (K) of the soil samples
was determined by Potassium Strip Test (Rahman et al.
2017). Phosphorus (P) was determined by the modified
Olsen method (neutral + calcareous soil) (Olsen 1954),
Total nitrogen (N) by the Kjeldahl method explained by
Subbiah and Asija (1956), sulfur (S) was determined by
using ion chromatography, iron (Fe) was determined by
spectrophotometer and arsenic (As) was determined by
Hach EZ Arsenic test kit (USA).

Statistical approaching (correlation matrix, PCA and box
plot analysis)

A correlation matrix is used in this research for identi-
fying the correlations between chemical parameters.
The correlation matrix is done by using Statistica soft-
ware (Version 08). Moreover, PCA is the most fre-
quently applied tool for analyzing the interrelationship
among different sets of soil sample data to extract the
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most significant factors and to reduce the data with
minimum loss of information (Mustapha and Aris 2012;
Schaefer and Einax 2010; Belkhiri and Narany 2015). In
this research work, PCA is applied to soil sample data for
determining the principal factors corresponding to the
different sources of variation in the data and for identify-
ing the spatial source of contamination in the study area
(Belkhiri and Narany 2015). PCA is done with the help of
SPSS software (Version 22).

A box and whiskers analysis is a compatible way for
determining the spatial variability of the data. Moreover,
a box and whiskers analysis helps to determine the spatial
variability of the parameters. Microsoft Excel is used in
this research work for executing boxplot analysis.

Result and discussion

Analyzed chemical characteristics and the quality of soil
The values of every chemical parameters and pH of soil
are divided into seven classes such as very low, low,
medium, optimum, high, very high and critical limit
(Table 1). Here, the optimum limit of pH for agricultural
purposes is 6.5. Again, the optimum limit for total nitro-
gen, OM, P, K, S, and Fe are 0.271-0.36, 2.7-3.4, 15.76—
21.0, 0.271-0.36, 22.51-30.0, and 9.1-12.0 consecutively.
The statistical table (Table 2) is showing the mean and
standard deviation of different chemical parameters of
21 surface and 21 sub-surface samples. In this study, high
deviation values are considered because it indicates the
variability of the samples. Low Standard deviation indi-
cates uniformity in the sample’s chemical parameter. It
shows (Table 2) that the range of sulfur has the highest
deviation for both surface and subsurface samples. For
surface samples, standard deviation of sulfur is 42.66 and
for sub-surface samples, standard deviation of sulfur is
45.84. From Table 2, it has been observed that the level of
pH, organic matter, phosphorus, sulfur, and iron in sur-
face soil samples are higher than that of sub-surface soil
samples. But, the intensity of total nitrogen and K of sub-
surface samples is higher than the intensity of the surface

Table 1 Recommended soil chemical test values for upland crops interpretation. Source Regional Laboratory, Soil

Resource Development Institute, Bangladesh (2014)

Chemical parameters Very low Low Medium Optimum High Very high Critical limit
pH <45 <55 55-6 6.5 >75 >8 5

Total nitrogen (%) <0.09 0.091-0.18 0.181-0.27 0.271-0.36 0.361-045 >045 012

OM <1 1.0-1.7 1.8-2.6 2.7-34 3.5-55 >55 12

P (ug/q) <525 5251-10.5 10.51-15.75 15.76-21.0 21.1-26.25 >26.25 7.0

K, (meqg/100 g) <0.09 0.091-0.18 0.181-0.27 0.271-0.36 0.361-045 >045 0.12

S (g/g) <75 751-15.0 15.1-22.5 22.51-30.0 30.1-375 >37.5 10.00

Fe, (g/9) <3 3.1-6.0 6.1-9.0 9.1-120 12.1-150 >150 4.00
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Table 2 Mean and standard deviation of soil samples

Chemical parameters Mean =+ standard Mean =+ standard
deviation deviation
Range: layer one Range: layer 2
(surface, around 0.5 (1.5 ft, sub-
ft) surface)

pH 4.93+0.98 491+094

Total nitrogen 02840.14 03040.19

oM 3574201 3.23+1.88

K 031+0.27 046+0.29

p 6.4842.50 55£1.20

S 56.49442.66 450241584

Fe 1049+£5.24 10.06 £5.55

As 0.03+0.05 0.03+0.06

samples. Comparing with the upland crops interpretation
of soil test values, it seems that the average value of total
nitrogen and Fe is in optimum level both for surface soil
samples (around 0.5 ft) and for samples 1.5 ft below the
surface. But for K average values of surface samples are in
optimum level but samples below 1.5 ft have very high K
(Table 2). Therefore, comparing with the recommended
optimum standard (Table 1) of chemical nutrients, it has
been found that total nitrogen, K, and Fe are within the
optimum range for both types of soil samples but S is
very high for both types of soil samples. Moreover, S is
the main reason for low pH of the study area. This is a
clear indication of soil pollution which is associated with
the coal stockpiles activities in the area.

On the other hand, the mean value of P is low both for
surface and subsurface samples. But the most important
fact is the amount of S for both surface and subsurface
samples are very high. This is the direct impact of coal
stockpiles. As sulfuric acid is being generated, the pH of
both surface and sub-surface samples is low in the area.
Average pH of surface samples is 4.91 and the average
pH of subsurface samples is 4.93. It reflects that surface
soil is relatively acidic in nature and that because of the

Table 3 Correlation matrix for surface soil samples
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coal stockpiles. The imported coal has a high amount of
sulfur and because of that coal stockpiles surrounding
soil is becoming acidic and ultimately threatening the
environment.

Correlation matrix, PCA and box plot analysis

for understanding the spatial variability of soil quality

For assessing the dependence on chemical parameters
correlation matrix is in this research work. The categori-
zation of principal components is done in this research as
“strong’, “moderate” and “weak’, corresponding to abso-
lute loading values of >0.75, 0.75—0.50 and 0.50 —0.30,
respectively (Liu et al. 2003; Rahman et al. 2017). Table 3
is showing the correlation matrix coefficient of surface
soil samples while Table 4 is entailing about the corre-
lation matrix coefficient of subsurface soil samples. In
the case of surface soil samples, significant positive cor-
relation values have been found for OM: P and S: As
(Table 3). Moreover, high negative correlation values have
been found for pH: S (Table 3). On the contrary, in the
case of subsurface soil samples, significant positive corre-
lation values have been found for K: As (Table 4). Moreo-
ver, high negative correlation values have been found for
total nitrogen: P, OM: K, K: P and P: As (Table 4).

An eigenvalue gives a measure of the significance of
the factor and factors with the highest eigenvalues are
the most significant (Howladar et al. 2017; Rahman et al.
2017). The eigenvalues of 1.0 or greater are considered
significant (Howladar et al. 2017; Rahman et al. 2017).
From Table 5 it is obvious that for surface soil samples
Factor 1, Factor 2, Factor 3 and Factor 4 have the eigen-
values of 2.30, 1.69, 1.27 and 1.13 respectively. However,
from Table 6 it is seen that for sub-surface soil samples
Factor 1, Factor 2, Factor 3 and Factor 4 have the eigen-
values of 2.69, 1.66, 1.12 and 1.00 respectively. So, the
eigenvalue of Factor 1 is more significant than other
factors for both surface and subsurface soil samples.
However, the eigenvalue of Factor 2 is also pretty high,
which because of the high value of sulfur (S) found after

Variables pH Total N, oM K P S Fe As
pH 1.00

Total nitrogen 0.04 1.00

oM —0.16 —0.16 1.00

K 0.280 —0.21 —0.09 1.00

P —0.22 0.12 047 0.25 1.00

S —041 —0.13 —-0.17 —-0.16 —0.18 1.00

Fe —0.056 —0.02 0.03 0.04 032 0.24 1.00

As —0.299 —0.03 —032 —-0.29 —-0.15 071 041 1.00

** |talic values indicate the significant correlation between the various chemical parameters
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Table 4 The correlation matrix for sub-surface soil samples

Variables pH Total nitrogen oM K P S Fe As
pH 1.00

Total nitrogen 0.02 1.00

oM —0.13 —0.19 1.00

K —0.03 —0.09 — 061 1.00

p —0.02 —047 033 —048 1.00

S 0.05 0.13 —0.07 0.19 —033 1.00

Fe 0.14 —042 0.004 0.36 0.006 0.008 1.00

As —0.19 0.08 —0.39 0.54 —048 042 035 1.00

** |talic values indicate the significant correlation between the various chemical parameters

Table 5 Total variance explained for surface samples

Factor Eigenvalues Total Cumulative Cumulative
variance  Eigenvalues variance (%)
(%)

1 2.30 21.14 2.30 21.14

2 1.69 28.81 3.99 49.95

3 1.27 15.83 5.26 65.77

4 113 14.11 6.39 79.89

Table 6 Total variance explained for subsurface samples

Factor Eigenvalues Total Cumulative Cumulative
variance Eigen values  variance (%)
(%)

1 2.69 33.75 2.69 33.75

2 1.66 20.75 436 54.49

3 112 13.99 548 68.49

4 1.00 12.50 6.48 80.99

chemical analysis of soil samples (Table 2). Therefore,
the Tables 5 and 6 it has been found that four factors
describe almost 80% that indicates they define most of
the variability so these factors are decent and so these
factors can be used as the replacement of other factors.
For surface soil samples, first-factor loading explained
21.14% of the total variance (Table 5) and second-fac-
tor loading explained 28.81% of the total variance. The
results of first-factor loading provide evidence of both
natural and the anthropogenic factor impact in the study
area (Belkhiri and Narany 2015). Here, for surface soil
samples, anthropogenic impact is more than the natural
impact. However, for subsurface soil samples compara-
tively transposed scenario is observed, where First-factor
loading explained 33.75% of the total variance and Sec-
ond-factor loading explained 20.75% of the total variance.

Tables 7 (surface soil samples) and 8 (sub-surface soil
samples) are presenting the loadings of four factors (load-
ing is obtained by unrotated factor matrix). For surface

Table 7 Factor loadings obtained with unroasted factor
matrix (surface samples)

Parameters Factor 1 Factor 2 Factor 3 Factor 4
pH 0.51 —047 038 —-023
Total nitrogen 0.04 —0.08 —044 —084
oM 0.31 0.71 —0.29 032
K 042 0.07 075 0.02
0.24 0.85 0.07 —0.26
— 086 0.04 0.12 0.17
Fe —038 048 047 —039
As —091 —0.01 0.15 —0.11

Italic values represent that level of significance among different parameters

soil samples (Table 7), it can be said that Factor 2 has
more positive dominance than other factors. But, Fac-
tor 1 has more negative factor scores. So, it can be said
that surface soil samples are degraded because of the
anthropogenic causes. However, for subsurface soil sam-
ples (Table 8), Factor 1 has more dominance than other
factors (Factor 1 has both high and low factor scores).
However, Factor 2 also has one high positive and negative
factor scores, so it can be revealed that subsurface soil
samples are also degraded a bit because of the anthro-
pogenic causes but degradation is relatively less than the
surface soil samples.

Therefore, the results of Factor analysis satisfy the
experimental value of laboratory analysis of the soil
samples as well as give a strong sign about the tainted
chemical parameters. The factor analysis result shows
a clear indication of anthropogenic influence for both
surface and subsurface soil samples but surface soil
samples of the study area are more deviated than the
subsurface samples that have been supported by simi-
lar scientific results done by Belkhiri and Narany (2015)
and Rahman et al. (2017).

Figures 2 and 3 are showing the relationship between
different factors. From the figures, three pairs of
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Table 8 Factor loadings obtained with unroasted factor
matrix (sub-surface samples)

Parameters Factor 1 Factor 2 Factor 3 Factor 4
pH 0.01 0.06 0.88 —044
Total nitrogen —0.24 —085 0.09 0.003
OM 0.67 0.05 —041 —045

K —081 0.31 0.08 0.26

P 0.75 037 —0.01 0.08

S —048 —0.16 —-0.24 —0.69
Fe —0.28 0.80 0.04 —0.20
As —081 0.15 —032 —-0.07

Italic values represent that level of significance among different parameters

chemical parameters are identified and they are strongly
correlated with each other. So, in the contamination of
surface soils, these three pairs are involved and these
figures also show that factor 2 dominance over factor
1 and factor 3. From the figure, it is also revealed that
for surface soil samples, sulfur is the common chemi-
cal parameter so the main reason of soil degradation
is sulfur and the source of sulfur in the study area is
imported coal. In case of, subsurface soil samples sul-
fur is also high but not as much as surface soil samples,
which is also because of the coal and through leaching
process subsurface soil samples are affected. So, it is
clear from all analysis that contamination of soil sam-
ples is due to anthropogenic reasons.

The box signifies the values between the first and
third quartile. The whiskers represent the distances
between the lowest observation to the first quartile and
the fourth quartile to the highest observation (Inter-
works 2017). Each quartile has a specific numeric value,
determined from the data set (Interworks 2017). A fig-
ure of box and whiskers is shown below (Fig. 4).

From the box plot of different chemical parameters
indicates that sulfur has a wide spatial variation of its
concentration. That means samples of different loca-
tions possess a different level of concentrations. This
box plot also tells that spatial variation of sulfur var-
ies much in the upper quartile portion (Fig. 5). But for
Total N, OM, K, P, Fe, and As spatial variation in con-
centration is not so significant has been supported by
similar methodical results done by Mzuku et al. (2005).

Quality of soil and environment

Soil is an important natural resource supports plant
growth and other human needs. But, the presence of pol-
lutants can affect soil quality and impair its life-sustaining
capacity. It is therefore important to identify the soil char-
acteristics responsible for changes in soil quality, which
may eventually be considered as soil quality indicators
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for assessing environmental sustainability (Masto et al.
2007, 2008). From the chemical analysis of the surface
and sub-surface soil, it has been found that pH and sul-
fur are mostly degraded from their natural value. It is a
staid problem for the agricultural land of the surrounding
area. The desired pH for good vegetation ranges from 5.5
to 6.8. The pH is a good measure of acidity and alkalinity
of soil water suspension and it provides a good identifica-
tion of soil chemical nature (Sharma 2008). The intensity
level of pH and sulfur is shown in Figs. 5, 6, 7, 8. From the
intensity Contour of pH for surface soil shown in Fig. 6,
it is clear that near the coal stockpile area pH is very low.
This is because of the quality of the coal stored on the
site. The same type of condition is also encountered for
sub-surface samples, which is shown in Fig. 7. The value
of pH in the soil was below the standard limits. This may
be due to oxidation of pyrite which is generally present in
coal controls the lowering of pH. The pH affects nutrient
accessibility by altering the nutrient form. For example,
nitrogen (affected by pH) have different leaching capabil-
ities; other nutrients may become adsorbed or desorbed,
precipitated, mineralized, or immobilized at different pH
values (Cornell University nutrient management 2010).



Howladar et al. Environ Syst Res (2018) 7:19

AAs

Factor 2

| J7

TOTAL-N

PA

T

08 -06 -04

A T
-0.2 1]
Factor 1

0.2 04 0.6

0.6

0.4

0.2 Fe

Factor 3

bo

AN

Total- N

AK \ A/

P&

om

-0.8 -O‘.S -0‘.4

samples

T

-O'.Z [}

Factor 1
Fig. 3 The relationship between different factors for sub-surface soil

A
T T &

0.2 0.4 0:6

BOX

2
LOWEST

[OBSERVATION

QUARTILE, Q:

WHISKER WHISKER
®
HIGHEST
& OBSERVATION
LOWER MEDIAN, Q2 UPPER

QUARTILE, Qs

Fig. 4 The box and whiskers (Modified after Interworks 2017)

90.005
80.005
70.005
60.005
50.005
40.005
30.005
20.005

10.005
0.005 ——

—

e

Total N oM
itrogen

K P

S Fe As

Fig. 5 The box-pot of all chemical parameters

Page 7 of 10

Many nutrients are more available in slightly acid soils:
P is most available at a neutral pH (about 6.5) (Cornell
University nutrient management 2010). The pH is also
important in nitrogen transformations, such as minerali-
zation, nitrification, and nitrogen fixation, as the bacteria
involved are pH-sensitive (Cornell University nutrient
management 2010).

From the intensity contour map of sulfur for surface
soil samples (Fig. 8), the amount of sulfur near the coal
yard is very high. And the amount of sulfur is getting
lesser as the samples are collected from far away from
the coal yard. The soil became contaminated with sul-
fur by the leaching process. The similar situation is also
seen for sub-surface soil samples. The intensity contour
map of sulfur (Fig. 9) is showing that the amount of sul-
fur in sub-surface samples near coal yard is low but the
amount is high for the samples which are collected from
far away from the coal yard. The increase in the element
was likely due to the leaching of the stored coal upon
contact with water. However, based on the characteristics
of stored coal (Hashan et al. 2013; Hashan et al. 2016) it
appears that S in soil might have originated from the coal
and the rest might have originated from other anthropo-
genic sources. The pH of the soil-water system seems to
be controlled by the ratio between ubiquitous Ca and S
concentrations in coal ash (Querol et al. 2001; Howladar
et al. 2018), although other minor alkalis or alkaline earth
cations such as Mg may also contribute to the balance
(Ward et al. 2009). The contribution of Zn, P, N, Fe, OM
and other elements into the soil from stored coal is also
possible and can degrade soil quality which is directly
or indirectly linked with environmental pollution and
human health in many ways (Zornoza et al. 2015).

Conclusions

Tamabil border area is a very attractive tourist spot and
plays a major role in the tourism sector of Bangladesh.
Nevertheless, unplanned coal stockpiles are polluting
the surrounding soil. In addition, imported coals contain
0.4-0.6% of sulfur that is a great concern in the environ-
mental perspective. From the analysis of soil samples, it
has been identified that some vital chemical parameters
are tainted. Moreover, there is a lot of spatial variability
of soil samples. Especially, the quantity of sulfur is very
high in the soil samples. From this research, it has also
been identified that sulfur content is very high closed to
the coal stockpile area. So it is that coal stockpile is one of
the possible point source of degrading the quality of soil
and also the environment of the surrounding the area.
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In addition, the principal component analysis (PCA)
confirms that the soil samples are tainted mostly because
of the anthropogenic causes i.e. because of the coal stock-
piles. Moreover, from box plot analysis it has been found
that spatial variability of sulfur is very high than other
chemical parameters. Again, the pH value of the sur-
rounding area is also very low because of the high sulfur

content. Mean pH value of the surface soil samples have
been found 4.93 and for sub-surface soil samples, it is
4.91. The High sulfur content of coal is also degrading the
amount of Phosphorus in the study area. As Phosphorus is
a very important element of soil, especially when the aim
is to produce agricultural products. This condition will
become worse day by day. If this degradation continues,
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Fig. 9 The intensity of sulfur for sub-surface soil sample

there is a high risk of acid rain in that area, which would
also be dangerous for the Sylhet region.

In conclusion, this study recommends that the regu-
lar monitoring of the imported coal quality with proper
awareness program might have to be taken to protect the
soil resources in the area.
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