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Abstract

Brick kiln exhaust when deposited can hamper the nutritional status of the agricultural soils and crops. To study
the impact, soil and associated plant samples were collected from the vicinity of a brick kiln cluster in
Chattogram, Bangladesh. The soil contamination was evaluated by heavy metal indices. Agricultural soils close
to the brick kiln area were very strongly acid to slightly acid. Organic carbon, total nitrogen and available
phosphorus content of the agriculture soils near brick kiln cluster were 0.35% to 1.01%, 0.10 to 0.24% and 2.21
to 13.48 mg kg respectively and the significant different mean value of 0.70%, 0.22% and 14.65 mg kg
respectively in the reference soil. The nutritional status of sampling sites was lower than the previously reported
data. The nutrition status of the plants was at an optimum level as regular fertilizer application was practiced but
showed an irregular pattern along with all the soil parameters and heavy metal indices. The contamination factor
(Cy), potential ecological risk index (PER) and geo-accumulation index (/4,) demonstrated that the agricultural
soils in the vicinity of the brick kiln cluster were moderately- to highly-polluted. This indicates the deterioration
of soil quality by uncontrolled brick kiln operation.

Keywords: agriculture, contamination factor, geo-accumulation index, heavy metals, potential ecological risk
index, principal component analysis

1. Introduction

One of the key factors for the development of a country is industrialization but it accelerates the process of
environmental degradation. Air pollution and land degradation from brick kiln’s emission is common in
developing countries which adversely affecting the environment of its surroundings (Rahman, Awan, Hassan, &
Khattak, 2000; Bhanarkar, Gajghate, & Hasan, 2002; Skinder, Pandit, Sheikh, & Ganai, 2014). The brick kiln
exhaust not only contributes significantly to air pollution but also cause a reduction of crop yield (Sharma, 2000),
poor vegetation growth as well as soil degradation and reduction of microbial activity (Hossain, Zahid,
Arifunnahar, & Siddique, 2019; Khan et al., 2007a). The burning of enormous C and N in brick kiln degrades the
soils and poses a threat to the environment by provoking atmospheric pollution and climate change (Khan et al.,
2007b). In the agricultural soil of the brick kiln area, the concentrations of Cd and Pb were found to be more than
the regulatory standards imposed by the US Environmental Protection Agency (Ismail et al., 2012; Ravankhah,
Mirzaei, & Masoum, 2017).

In the case of inducing concern, the large brick kiln clusters, located in the vicinity of large brick demand centers
are paramount. The local impact of pollution caused by small isolated brick kilns located in rural areas is
insignificant. A plethora of information is available for heavy metal pollution in agricultural soils of Bangladesh,
where some studies focused on heavy metal contamination through aerial deposition by heavy traffic. However,
no detailed study on the nutritional status in agricultural soil concerning pollution impact on plant nutrients from
brick kiln cluster has been conducted yet. Several huge clusters of brick kiln are present in Hathazari,
Chattogram which can be an important source of Cd and Pb toxicity with the potential to harm the ecology of the
surrounding agricultural soil. Natural hill resources especially soil and tree biomass are under threat from soil
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thief for brick production. Soil degradation and environmental pollution are not inexorable but can be controlled
if they are regularly monitored, major exploitation are controlled and modern techniques of highly efficient
machines are evolved. With this background, the objectives of this study were to evaluate the possible impact of
a brick kiln cluster on soil and plant nutrient status through the quantification and comparison with the ambient
agricultural soils of the unaffected area and published data.

2. Method
2.1 Study Area and Soil and Plant Sampling

A cluster of the brick kiln was selected which was surrounded by the agricultural field in Hathazari, Chittagong
district, Bangladesh. The sampling from the study area was carried out from October, 2018 to March, 2019
which is the operation season of brick kilns in Bangladesh depending on the monsoonal rains. Brick kiln fumes
are the major source of air pollution during these dry seasons. The sampling locations were systematically set
based on crops growing and distance from the brick kiln cluster (A-F) (Table 1). At these locations, three
different crop fields were selected and three soil subsamples were collected from each site. The reference site (R)
was the agricultural soils approximately 2.5 km far from site A. Soil samples were collected from the soil surface
to the root zone (0-30 cm). Wind flow direction was considered for the effect of fly ash deposition on vegetation
and soil. Plant samples were also collected from the respective soil sampling sites (agricultural fields).

Table 1. Locations, site legend and physical properties (mean+SD) of agricultural soils adjacent to the brick kiln
cluster

Sampling Legend for Geographical Coordinate . Sand  Silt Clay BD WHC
location  sampling sites Latitude Longitude Crop plants Soil Texture % em? %
pling a g g
Crop fields near brick kiln cluster
CP1 22°32'15.33"N  91°46'51.10"E  Solanum tuberosum Sandy clay loam 53.83° 23.34° 22.82" 148  43.53
A CP2 22°32'17.58"N 91°46'51.98"E  Artemisia vulgaris Sandy clay loam 49.66° 22.63% 27.71° 1.39™° 50.40™
CP3 22°32'17.16"N 91°46'49.66"E Ipomoea batatas Sandy clay loam 49.55° 26.53%® 23.92% 138" 52.82¢
O cra 22°32'036'N  91°472.47"E  Capsicum species  Sandy clay loam 49.73° 26.02% 2425% 139%™ 37740
B CP5 22°32/0.37"N  91°47'4.71"E  Oryza sativa Sandy clay loam 48.87° 20.47°  30.67° 138" 49.66
R e 22°32'1.02'N__ 91°477.08"E __Solanum tuberosum __ Sandy clay loam 52.16° 25.00° 22.84° 148 40.34°
CP7 22°32/35.02"N  91°46'56.82"E  Oryza sativa Sandy clay loam 46.13" 19.73"  34.13° 1.41% 3935°
C CP8 22°32'33.76"N 91°46'57.44"E  Trichosanthes anguina Sandy clay loam 49.99° 22.68" 27.33° 1470 40.82"
CP9 22°32'34.28"N 91°46'59.85"E  Raphanus sativus Sandy clay loam 47.00 20.17°  32.83% 1.38" 51.19°
O crio 22°32'49.48'N 91°47'15.71"E Oryza sativa Sandy clay loam 45.32° 2233% 3235% 144® 5310
D CPI1 22°32/50.25"N 91°47'10.83"E  Brassica nigra Sandy clay loam 49.38° 27.80" 22.82" 1.42° 49.76"
CP12 22°32'47.26"N 91°47'16.43"E  Capsicum species Sandy clay loam 47.12° 25.13¢  27.74° 1.39"¢ 50.81"
CP13 22°32'2.60"N  91°47'25.55"E Capsicum species Sandy clay loam 49.65° 27.40% 22.95% 1.479 39.81"
E CP14 22°32'1.44"N  91°47'26.56"E  Artemisia vulgaris Sandy clay loam 45.73" 31.63" 22.63" 1437 40.82"
CP15 22°32'3.06"N  91°47'30.38"E  Raphanus sativus Sandy clay loam 45.50 27.48%  27.02° 147" 49.66
O crie 22°32'3520"N 91°4727.24"E Artemisia vulgaris  Sandy clay loam 47.10° 3027" 22.63 147" 3198
F CP17 22°32'31.54"N 91°47'28.95"E  Solanum lycopersicum Sandy clay loam 50.00° 27.37% 22.63* 147" 35.59"
CP18 22°32'34.08"N 91°47'30.32"E  Brassica nigra Sandy clay loam 49.17° 28.33%  22.51* 145 3576
Reference sites
CP19 22°32'19.90"N  91°4820.71"E  Oryza sativa Sandy clay loam 46.57" 25.53%  27.90° 1.39™° 52.40°
R CP20 22°32'17.01"N 91°4822.38"E  Solanum tuberosum  Sandy clay loam 46.67 27.13°®  26.20* 1.40 50.37'
CP21 22°32'20.62"N 91°48'27.99"E  Vigna mungo Sandy clay loam 47.00 20.97 32.03% 1.38" 53.65°
Average data of study sites and reference sites
Soils of crop fields near brick kiln cluster Sandy clay loam 48.66° 25.24*  26.10° 1.43* 44.07
Reference soils Sandy clay loam 46.74° 24.55% 2871 139" 52.14°
Note. Values in the same column followed by the same letter(s) are not significantly different at p < 0.05

according to ANOVA.
BD = bulk density; WHC = water holding capacity.

2.2 Processing of Samples

The collected soil samples were stored in the field moist conditions in marked polyethylene bags and
immediately taken for laboratory analysis. All soils were separately sieved (2 mm) after air drying. Plant
samples were processed according to the standard procedure.
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2.3 Analyses

Particle size distributions were determined by the Hydrometer method (Day, 1965). Textural classes were
determined using a triangular coordinate diagram by the USDA soil texture calculator. The pH of the soil
samples was determined in the laboratory (dry soil and distilled water ratio of 1:5) and measured by using a
Corning glass electrode pH meter (Jackson, 1973). The organic carbon (OC) content of the soil samples was
determined volumetrically by the wet oxidation method with a 1N K,Cr,07 solution and concentrated H,SO,
mixture, followed by rapid titration with a 1N FeSQy, solution, as recommended by Nelson and Sommers (1983).
Total nitrogen (TN) content in soil was determined by the Micro Kjeldahl method following H,SO, acid
digestion and alkali distillation (Jackson, 1973). Available phosphorus (AvP) of soil was extracted with Bray and
Kurtz-1 solution (Bray & Kurtz, 1945). Phosphorus in the soil extracts was determined spectrophotometrically
by the ascorbic acid blue color method (Murphy & Riley, 1962). Available calcium (Ca), magnesium (Mg) and
potassium (K) content were measured using an Aligent 240 Atomic Absorption Spectrophotometer (AAS) after
acid digestion. To determine soil heavy metals content, soil samples were digested in a 1:1 mixture of
concentrated nitric and perchloric acids and were collected in 5 ml of 2.0 M HCL as in Ure (1990). The filtered
extracts were analyzed for heavy metals using AAS.

The plant samples were placed under a running tap to wash off soil particles and were oven-dried at 80°C for 48
hours. Each sample of the dried plant materials was ground to a fine powder using a laboratory stainless steel
grinder to pass through a 1 mm aperture screen. Plant samples were digested in concentrated H,SO, + H,O, +
LiSO, digestion mixture (Allen, Grimshaw, Parkinson, Quamby, & Roberts, 1986) and analyzed for nutrient
contents. N content in the extract was determined by the Micro Kjeldahl method, S content by the turbidimetric
method using a spectrophotometer at 420 nm wavelength, P by vanadomolybdate yellow color in
spectrophotometer and Na, K, Ca and Mg in an AAS. Metals of the samples were extracted by wet digestion
with di acid mixture (HNO;:HCIO, = 3:1) and analyzed by AAS. All of the results were reported in percentage
(%) as dry weight (DW) of crops.

2.4 Ecological Risk Assessment for Soil Pollution

Pollution levels of Cd and Pb in the soil samples were evaluated using heavy metal indices: contamination factor
(Cy), degree of contaminations (C,), comprehensive potential ecological risk index (PER) and geo-accumulation
index (/g,) (Adimalla & Li, 2019). The equations are as follows,

Ci

G=G Ci= XL G B/ = T/ < Cf: PER = ¥, E, (M

where, PER = comprehensive potential ecological risk index, C/ = single heavy metal contamination factor, C' =
content of the heavy metal in samples, C,’ = background value of the heavy metal, C, = degree of contaminations,
E,' = potential ecological risk index, 7,’ = biological toxic factor, the biological factors for cadmium = 30 and
lead = 5 (Guo, X. Liu, Z. Liu, & Li, 2010; Islam & Hoque, 2014).

Lo =C,/(1.5 % B,) 2

where, I, = geo-accumulation index (Muller, 1969), C, = measured concentration of metal n in the soil, B, =
geochemical background value of the element in the background sample. For lithogenic effects, 1.5 is used as a
factor to minimize the variations in the background values (Yu, Zhu, & Li, 2012). The interpretation of
geo-accumulation index (/g,) values are shown in Table 2.

2.5 Statistical Analysis

All the results are expressed on an oven-dry weight basis which was measured with three replications. Microsoft
Excel 2016 program was used to compute correlations and standard deviation between the selected parameters.
One-way analysis of variance (ANOVA) was performed to get the effects of Cd and Pb and the significant
difference of the parameters was being tested by the least significant difference multiple range test at P < 0.05.
Pared-samples T-test measured for soil samples firstly by considering soil samples all together (n = 63),
secondly by considering mean values representing the sites with different agricultural management (n = 21) and
thirdly considering specific location types (n = 7) by IBM SPSS program. The Dendrogram grouping for cluster
analysis was performed by IBM SPSS and Principal Component Analysis (PCA) was performed by XLSTAT.
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Table 2. Indices and grades of potential ecological risk of heavy metal pollution (Islam, Ahmed,
Habibullah-Al-Mamun, & Hoque, 2015)

Potential Ecological Risk index (PER) Degree of Contamination (Cy) Geo-accumulation index (Zyeo)
E/} Grade PER Grade C,i Degree Cy Degree Lgeo Degree
i i Practicall
E/<40 Low RI<65 Low C/<l Low Cr5 Low o< ettty

uncontaminated

. : U taminated t
40<E,'<80 Moderate 65<RI<130 Moderate 1<C/<3 Moderate 5<C,<10 Moderate 0</geo<1 neontamimnate 0‘
moderately contaminated

Moderately to heavily

contaminated

3<l4e0<4 Heavily contaminated
v Heavily to ext )
E/‘'<320 Very high 4<L,eo<5 eavily to extremely

contaminated

Lgeo™5 Extremely contaminated

3. Results and Discussion

A detailed study on soil and plant properties from the vicinity of a cluster of brick kiln in the Charia area,
Hathazari, Chattogram district was done to infer the impact of these brick kiln emissions.

3.1 Physical Properties of Agricultural Soils Adjacent to the Brick Kiln Cluster

The soil texture of the sampling areas of agricultural soil was sandy clay loam (Table 1). This textural class of
soil is favorable for agricultural practice in Bangladesh. There was no significant difference between reference
and agricultural soils for clay content however the samples of the location C had the highest average clay content
(31.43%). Water holding capacity and bulk density of soil influence the growth of crops, their rotting pattern and
their ability to supply water to crops (Bisht & Neupane 2015). Soil bulk density and water holding capacity
varied from 1.37 to 1.49 g cm™ and 31.98 to 53.10% respectively among the sampling sites. Water holding
capacity positively correlated (» = 0.51, p < 0.001, n = 63), with soil clay contents but BD correlated negatively
with the clay contents (r =-0.48, p < 0.001, n = 63) of soil (Table 3).

Table 3. Correlation coefficients among soil properties (n = 63)

Soil properties  Clay BD WHC  pH SoilOM  SoilN  SoilP  SoilNa SoilK  SoilCa Soil Mg Soil Pb
BD -0.48™

WHC 0.51"  -0.59""

pH 030"  -028" 0.5

Soil OM 0.51™"  -0.55™" 0.63™  0.67

Soil N 043" -0.54™ 064™ 0677 0.79™

Soil P 0.23 -0.42™ 041" 0737 0517 059

Soil Na 0.29° 20427 043" 049" 0407 064 057

Soil K 038" -046"™ 044 058 059" 0.64" 076 075"

Soil Ca 033" 047" 0477 066" 049 0577 0.74™ 0617 0.68

Soil Mg -0.18  -0.13  0.16 0.49™" 042" 046 044  044™ 042" 045

Soil Pb -0.32” 050" -0.44™"  -0.56™" -0.48™"  -0.637" -049™ -0.69™" -0.62"" -0.50"" -0.56""

Soil Cd -0.33" 042 -041 -0.657 -0.62""  -0.74"" -0.52"" -0.58"™" -0.61"" -045"" -059"" 0.89™

Note. *** Correlation is significant at the 0.001 level; ** Correlation is significant at the 0.01 level; * Correlation
is significant at the 0.05 level.

3.2 Chemical Properties of Agricultural Soils Adjacent to the Brick Kiln Cluster

The chemical properties of agricultural soils adjacent to the brick kiln cluster are presented in Table 4. The pH
provides a good manifestation of soil chemical nature as it influences the availability of nutrients from the soil to
plant and low pH in the soil increases the mobility of heavy metals, e.g., Pb, Cd, Cr, Cu, Hg, Ni, and Zn (Bisht &
Neupane, 2015). The pH values of the soil samples were in the range of 4.11 to 6.32, which were very strongly
acid to slightly acid (Hazelton & Murphy, 2016). Reference soils (average pH 5.84) were moderately acidic in
nature. The average pH of the studied agricultural soils was significantly different from the average pH of the
reference soils (Table 4). When soil pH was compared between the sampling locations, reference site R was also
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found to be significantly higher than the locations A, B, D, E and F. SRDI (Soil Resource Development Institute)
(2008) reported that the pH values of the soil series (Lama, Rangamati, Matiranga) of the Hathazari area are
strongly acidic in nature. A decrease in soil pH due to heavy metal contamination from a brick kiln and
consequent decrease in available plant nutrients and increased leaching losses of nutrients were also reported by
Dey and Dey (2017).

Table 4. Chemical properties (mean+SD) of agricultural soils adjacent to the brick kiln cluster

Sites pH oC OM TN AvP Na K Ca Mg

% o0 < — PEeT1316) B L) o ————
CP1 4.87+0.08"  0.39+0.01®° 0.67+£0.02°® 0.16£0.00% 7.14+0.10° 0.67+0.02°  0.16£0.01*° 0.63+0.04°  0.34+0.01°
CP2 5.39+0.03'  0.69+0.03' 1.19+0.05' 0.19£0.017 8.92+0.79'  0.84+0.02*% 0.27+0.01° 3.07+0.01"  0.65+0.00%"
CP3 5.26+0.03" 0.51£0.02¢ 0.88+0.03¢ 0.12£0.01 * 6.87+0.11%  0.99+0.27°" 0.22+0.01" 2.36+0.39¢  0.53+0.00°
CP4 4.15£0.05"  0.65+0.03%" 1.11+0.05®" 0.15£0.00" 3.64+0.34°  1.05:0.46°  0.62£0.01"  0.92+0.01°% 0.60+0.03"
CP5 5.62+0.00° 0.84+0.00% 1.44+0.00° 0.19+0.00' 12.18+0.21% 0.77+0.06™%* 0.87+0.01" 1.01£0.01°®  0.62+0.01%
CP6 5.07+0.028  0.55+0.03% 0.95£0.05% 0.11£0.01®® 9.48+0.06'  0.73£0.14°¢  0.75+£0.098" 1.10+£0.01°  0.58+0.05°
CP7 4.44+0.11° 0.44+0.00° 0.76£0.00° 0.13£0.00° 2.79+0.38"  0.91+0.22°%" 0.38+0.02° 0.73+0.01®®  0.23+0.00°
CP8 5.76£0.08' 0.71£0.03' 1.22+0.06' 0.19£0.00' 6.45+0.02° 1.18+0.20"  1.03+0.11' 2.93+0.23"  0.71+0.01*
CP9 6.30£0.02° 0.97+.04'  1.67+0.07' 0.20+£0.00' 13.44+0.07' 1.06£0.03%"  1.23+0.09  3.44+0.20' 0.64+0.02"
CP10 4.56+0.03% 0.53+0.04° 0.91+£0.07° 0.11£0.01° 2.65+0.38"  0.76+0.02"% 0.36+0.01% 1.04+0.02°*  0.37+0.01°
CP11 5.07+0.098  0.62+0.00® 1.06£0.00% 0.16+0.012" 4.38+0.16* 0.89+0.03%%" 0.92+0.01"  0.84+0.02°¢ 0.62+0.01%"
CP12 537+0.020  0.79+0.05' 1.36£0.08' 0.23+0.01' 5.43+0.08°  0.89+0.05"%" 0.25+0.11% 0.95+0.05*% 0.67+0.02"
CP13 4.77£0.06° 0.59+0.03°7 1.01+£0.05° 0.15£0.00°  5.70£0.10°  0.91+0.11°% 0.32+0.04°® 0.80+0.13  0.71+0.02
CP14 4.55+0.04° 0.38+0.03® 0.65£0.05 0.11£0.01% 3.83+0.26° 0.71+0.02*  0.18+0.04® 1.01£0.00°*  0.69+0.01"
CP15 5.50+£0.01' 0.71£0.00' 1.22+0.00' 0.17£0.00" 3.89+0.28" 1.03£0.14%"  0.20+£0.04® 0.87+0.12*™%* 0.76+0.06'
CP16 4.58+0.10% 0.35+0.00° 0.60+£0.00* 0.11£0.00™ 4.56+0.13%  0.89+0.06"*" 0.19+0.06® 0.96+0.02"% 0.63+0.00""
CP17 5.89+0.04™ 0.44+0.00° 0.76£0.00° 0.12+0.01% 8.05+0.51"  0.76£0.14°% 0.22+0.07° 1.07+0.03%  0.64+0.00""
CP18 4.48+0.02* 0.40£0.00° 0.68+0.00° 0.10+0.01*° 7.92+0.36" 0.41+0.03*  0.25+0.06™ 1.75+0.29"  0.63+0.00""
CP19 5.56£0.02% 0.67+0.00" 1.16+0.00" 0.21+0.00° 14.35£0.49™ 1.90+0.00"  1.54+0.04 3.09+0.00"  0.79+0.01™
CP20 6.0740.02" 0.71£0.03' 1.22+0.06' 0.22+0.00' 15.12+0.04" 1.93+0.01"  1.46+0.03 3.20£0.00'  0.70+0.05"*
CP21 5.88+0.01™ 0.71£0.03' 1.22+0.06' 0.22+0.01' 14.48+0.07™ 1.60+0.21%8  1.54+0.02% 3.30£0.00  0.81+0.00™
Average data of study sites and reference sites I
Soils of crop field 5.09% 0.59* 1.01* 0.15* 6.52 0.86" 0.47* 1.42% 0.59*
near brick kiln cluster
Reference soil 5.84" 0.70* 1.20* 0.22¢ 14.65" 1.81¢ 151" 3.20 0.77

Note. Values in the same column followed by the same letter(s) are not significantly different at p < 0.05
according to ANOVA.

OC = organic carbon; OM = organic matter; TN = total nitrogen; AvP = available phosphorus; Na = sodium; K =
potassium; Ca = calcium; Mg = magnesium.

The organic carbon content of soil indicates the fertility status of soil as it directly governs soil structure
development, soil air and water circulation, water holding capacity, and plant nutrients availability. The organic
carbon content of healthy soil is more than 0.75% (Bisht & Neupane 2015). The organic carbon content of the
agriculture soils near the brick kiln cluster varied from 0.35% to 1.01%. SRDI (2008) reported that the OC
values of agricultural soils in Hathazari ranged from 1.29 to 1.59%. The study found that the OC content of the
agricultural land in Hathazari around the brickfield area was lower than the recorded data. The overall low value
of organic matter (OM) may be due to cultivation induced organic matter decomposition and high cropping
intensity of the area (Sikder, Molla, Hossain, & Parveen, 2015). Moreover, some variation of OM may be due to
the formation of chelate of OM with heavy metals produced from the brick kiln operation which makes the soil
organic carbon unavailable (Sikder et al., 2015). Deposition of unburnt hydrocarbon in the form of soot on soil
from aerial deposits from brick kilns and vehicles running in Chattogram-Bandarban highway can contribute to
increasing C content in some sites.

The mean TN content of the soil samples showed that the nitrogen content in the soil varied between 0.10 to
0.24%. The soils are, therefore, medium in TN content as the amount of OM in Bangladesh soil (SRDI, 2008).
Decreased level of nitrogen and indefinite pattern of nitrogen accumulation due to brick kiln operation,
compared to reference soil was also reported by Vista and Gautam (2018) and Sikder et al. (2015).
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The AvP content varied among the agricultural sites (2.21 to 13.48 mg kg™). The standard level of AvP for plant
cultivation is 15.76-21.0 mg kg™ for acid soils (BARC [Bangladesh Agricultural Research Council], 2012). All
the sampling sites including the soils of the reference area showed deficiency in AvP content. The AvP
concentration was below the standard level due to the inherited low pH of the agricultural sites as low pH reduce
P availability (Akter, Uddin, Hossain, & Parveen, 2016). The soil AvP concentration and soil pH were also
positively correlated (» = 0.73, p < 0.001) (Table 3) to each other. The available Na, K, Ca and Mg content was
not found to vary widely among the sampling sites (Table 4). The study revealed that 40% of the collected soils
were at a very low level (< 0.25 mmol 100g™) of available K (SRDI, 2008) which might be an inordinate issue to
attain the highest crop yield. The average Na, K and Ca concentration was highest in location R followed by
location C. The standard level of Ca and Mg for plant cultivation is 2.26-3.00 mmol 100g™ and 0.56-0.75 mmol
100g™" respectively for acid soils (BARC, 2012). Soil Ca and Mg content in some sites were high due to high
rainfall, which could leach Ca and Mg from surrounding hills to the acid soils, moreover Ca could impetuously
be added to the soil as a part of P- and S-fertilizers (Moslehuddin, Laizoo, & Egashira, 1997).

Soil pH was highest in site CP9 in combination with the highest OM, TN and AvP. Soil factors-TN (» = 0.79, p <
0.001) and AVP (» = 0.51, p < 0.001) were significantly correlated to soil OM content. TN and AvP were
significantly correlated to each other (» = 0.59, p < 0.001) and a positive significant (» = 0.67, p < 0.001)
correlation of OM and pH was found for the soils (Table 3). Exchangeable Na, K, Ca and Mg were positively
correlated (p < 0.001) to the OM content of soil (Table 3).

3.3 Distribution of Cd and Pb in Agricultural Soils Adjacent to the Brick Kiln Cluster

The concentration of Cd and Pb in analyzed soil samples was compared with guideline values for agricultural
soil (dry soil pH < 6.5) by the National Environmental Protection Agency of China (GB 15618, 1995) (Chen,
Meng, Li, Zhao, & Wen-di, 2018). 89% of the sampling sites were highly contaminated with Cd which exceeded
the maximum permissible limit (Table 5). The Pb content was found within the permissible limit in the
agricultural sites in the vicinity of the brick kiln cluster (Table 5). The Cd content was highest (1.07 mg kg™') in
the soils of sampling site CP6, followed by the soils of CP1 and CP3 (1.00 mg kg™) of the agricultural soil. The
highest value of Pb was 52.07 mg kg™ recorded at agricultural site CP1. The descriptive statistics of Cd and Pb
concentration showed divergence among the sites. As the fumes emerged from the brick kiln cluster dispersed on
the agricultural fields through wind and deposited on the crop and soils, there was no uniform distribution of Cd
and Pb in the area. Soil Pb concentration showed a strong significant correlation with soil Cd concentration (» =
0.89, p < 0.001) designating their strong associations and hence, their same source of inclusion in the soil. Cd
and Pb concentration values were unsymmetrical with positive skewness values of 0.07 and 1.01 respectively,
indicating the normality of the data set for these heavy metals. The calculated coefficient of variation (CV) was
41.23% and 29.21%, indicating moderate variation, which expresses heterogeneous contingency (Zhou et al.,
2016), indicating that the sources of heavy metal were not natural, the sources were anthropogenic. Dey and Dey
(2017) and Ravankhah et al. (2017) reported the heavy metals, i.e., Pb, Cd, Cr and Ni as a major environmental
impact factor near brick kilns.
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Table 5. Descriptive statistics of Cd and Pb (mg kg™) in agricultural soils adjacent to the brick kiln cluster and
comparison with some reference values

Descriptive statistics of contaminated soils Cd Pb
Minimum, mg kg™’ 0.25 19.05
Maximum, mg kg™ 1.08 52.10
Mean 0.63 29.68
Geometric mean 0.58 28.85
Median 0.63 27.77
Standard deviation 0.26 8.57
Kurtosis -1.25 0.85
Skewness 0.10 1.09
Coefficient of variation % 41.23 29.21
% Sample which exceeded standard value 8889 o
Guideline values for agricultural soil® (dry soil pH < 6.5) 0.30 250
Threshold of elements in natural background soil in China® 0.20 35
Safe limit of India® 3-6 250-500
Uncontaminated soil Cd Pb
Soil® 1 50
Soil’ 0.06 100
Content in lithosphere (mg kg™)° 0.1-0.5 16
Common range for soils (mg kg™)° 0.10-345 2-200
Common range for soils in Bangladesh (mg kg™")* <1 32

Note. * Chen et al., 2018; ° Awashthi, 2000; ¢ Kabata-Pendias & Pendias, 1992; ¢ DeTemmerman et al., 1984; °
Lindsay, 1979; " Huq & Alam, 2005.

The correlation matrix among the soil nutrient factors shows a highly significant positive correlation (p < 0.001),
i.e., with soil OM and soil N, P, Na, K, Ca, and Mg but negative correlations with the soil Cd and Pb
concentrations in the agricultural sites near the brick kiln cluster (Table 3). Soil pH showed a significant negative
correlation (p < 0.001) with Cd and Pb, which may suggest that pH influenced the distributions of these metals
in soils. Soil pH is one of the major factors in controlling the available content of heavy metals in solution as it
affects directly their solubility along within the soil environment (Diatta, Grzebisz, Frackowiak-Pawlak,
Andrzejewska, & Brzykcy, 2014; Sikder et al., 2015). Heavy metal cations are most mobile in acid soils. There
was a significant (p < 0.001) negative correlation between soil Cd and Pb concentrations and the content of soil
OM, TN, AvP and other available soil nutrient elements (Table 3). Bisht and Neupane (2015) also found an
inversely proportional relation between heavy metal accumulation rate and concentrations of organic carbon as
an increased concentration of heavy metals decreased soil OM formation. Again, OM in the soil can decrease the
mobility and bioavailability of heavy metals by complexation (metal chelate complexes) and adsorption
mechanism. However, because of the low content of OM, the availability of Cd and Pb from suspended particles
to the soil solution can intensify.

3.4 Soil Contamination Assessment

The concentrations of Cd and Pb in agricultural soils based on the background values from the brick kiln cluster
shows the scope of anthropogenic pollution. The environmental risk of the agricultural soils was in
contamination level as assessed using C/, E,', PER and I, (Table 2).

The ranges of Cf were 1.71-7.37 for Cd, and 2.36-6.46 for Pb in the agricultural soils in the vicinity of the brick
kiln cluster. The order of mean Cfi was Cd (4.35) > Pb (3.72). The result showed that Cd was the primary
pollutant and the mean contamination level was in a considerable degree (Figure 1). In most soil samples, the E,’
factors of Cd ranged above 40, and contamination levels were moderate risk to high risk. The PER which shows
the extent of contamination of the sampling sites indicated moderate to considerable level of contamination in
the agricultural soils around the brick kiln cluster (Figure 1). However, no potential ecological risk was found
with reference sites, for which the sum of toxic units was lower than 40.
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Figure 1. Potential ecological risk factor (E,)), risk index (PER) and pollution degree of heavy metals in
agricultural soils adjacent to the brick kiln cluster

The geo-accumulation Index (/,,) which is an effective numerical model, to evaluate the heavy metal
contamination in agricultural soils was found higher than O for the agricultural soils near the brick kiln cluster.
The value indicates the moderate contamination by of Cd and Pb in soils by anthropogenic sources (Table 2).
The ranking of I, value is Cd (1.40) > Pb (1.25).

In our study area, brick kiln operation discharges a huge amount of fumes containing heavy metals into the
surrounding agricultural land. The higher level of heavy metal concentrations, e.g., Cd and Pb in the vicinity of
the brick kiln than in the reference site indicates that nutritional status, as well as soil quality, is deteriorating, as
was also observed by Khan et al., (2007b) and Dey and Dey (2017). The result was likely related to the long
term extensive use of Cd based fuels in brick kilns. Cd and Pb may originate from precipitation of aerosol
particles released from brick kilns when tires are burned during the baking of bricks (Bisht & Neupane, 2015).
Fly ash or coal ash contains an appreciable amount of Cd and Pb (Jiang, Xin, Jun, Yang, & Zhang, 2007).
Therefore, dumping of fly ash in this zone and when they fall as dust in some places from brick kiln fumes, the
concentration of these two elements becomes high with time. The distribution of fly ash produced from brick
kiln operation is the most important contributor to heavy metal contamination to the surrounding agricultural
soils (Sikder et al., 2015). Some sites were found to be non-contaminated although the other sites in the same
location were found contaminated with deposited brick kiln fumes (CP9 at site C and CP15 at site E). Tall trees
near the agricultural fields can act as a barrier for the aerial deposits of brick kiln fumes to the agricultural soils
growing near the brick kiln cluster by reducing the heavy metal concentrations. Therefore, planting trees can be
considered as an effective protective measure for existing crop fields that were close to a brick kiln cluster.

3.5 Nutrient Element Concentration in Selected Crop Plants

There were some significant differences found for nutrient elements (N, P, K, S, Ca and Mg) between plant
species among the different sampling sites (Table 6). Plant uptake of the elements followed the same trends as in
soils of the sampling sites (Tables 4 and 6). Macronutrient accumulation was not prominent in the crop plants of
the study sites.
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Table 6. Nutrient element concentration in selected plant species of agricultural soil adjacent to the brick kiln
cluster

Sampling site Crop plants N P K S Ca Mg

%
CP1 Solanum tuberosum 2.23+0.02®  0.23£0.02¢ 1294097  025+0.02"  0.29+0.02"  0.28+0.01*
CP2 Artemisia vulgaris 2912217 0.25+0.03¢  1.9241.94™%  0.65£0.04°"  0.69+0.00°*"  0.71+0.24%"
CP3 Ipomoea batatas 2.22+0.52®  0.18+0.05*  6.33+0.76" 0.17+0.03" 0.54+0.01%°%  0.53+0.01%
CP4 Capsicum species 2.24+0.30°  0.08+0.01°  4.81+2.60° 027+0.01°  0.77£0.19°  0.74+0.09
CP5 Oryza sativa 2.92+1.54™  0.41£0.01"  5.66+3.91%7  0.34£0.22°%  121+0.01"  0.85£0.04"
CP6 Solanum tuberosum 221£0.01°  0.32+0.00°  1.67+0.16™*  0.15+0.00" 0.41+0.13*  0.31£0.07"
CP7 Oryza sativa 3.83£0.99™  0.25£0.01¢  4.13£3.50™*" 0.14+0.01° 0.37+0.15®  0.80+0.14
CP8 Trichosanthes anguina 6.41£231°%  0.39+0.008"  2.80+1.37"  0.29+0.08"¢  1.18+0.018"  0.91+0.01%
CP9 Raphanus sativus 734+133%  0.39+0.068" 596+1.70  0.67+0.01°®  0.56£0.21°%  1.06+0.01%
CP10 Oryza sativa 2.47+0.03®  0.14+£0.00°  3.44+3.18"%" (.17+0.00° 0.74+0.07%"  0.88+0.01%
CP11 Brassica nigra 4494202 0.31£0.01°  1.10+0.42° 0.33+0.03"%"  0.91+£0.01®  0.53+0.07%
CP12 Capsicum species 3.83£0.84"  0.36+0.01%  1.52+0.01°"  0.45£0.01°°*" 0.96+0.01%"  0.75£0.02°
CP13 Capsicum species 2312064 0.33+0.02°  2.25+0.05"%  0.72+0.04° 0.55£0.22"%  0.81+0.01"
CP14 Artemisia vulgaris 1.83£0.04*  0.17+0.02"™ 1.26+0.02™  0.29£0.01%¢  0.48+0.06™  0.58+0.25°%
CP15 Raphanus sativus 6.75+0.03°®  0.19+0.00°  1.46+0.02"  0.43+0.02°°°%" 0.33+0.31®  0.89+0.01%
CP16 Artemisia vulgaris 2.91£0.06™  0.18+0.01™  1.60+0.13™  0.50£0.11™%"  0.34£0.11"  0.48+0.00*
CP17 Solanum lycopersicum 5.55£0.32%" 0270020  1.58+0.34™¢  0.64+0.04™%T  0.54+0.13™%  0.34+0.15"
CP18 Brassica nigra 5.06£0.02%  0.24+0.00°  1.87+0.01°%  0.42+0.07""%" 0.25+0.38" 0.59+0.21°%
CP19 Oryza sativa 7.74£0.025  0.42+0.01"  5.63+4.54%T  0.61+£0.01°%"  1.18+£0.00"  0.89+£0.01%
CP20 Solanum tuberosum 7.17£0.01%  0.48+0.02'  5.52+0.09°"  0.60+0.05""  1.17+0.042"  0.86+0.03"
CP21 Vigna mungo 7.42£027¢  0.46+0.02'  5.39+4.11°%T  0.69+0.91°  1.14x0.218"  0.82+0.11°
Average data of study sites and reference sites i
Crop plants near brick kiln cluster 3.75" 0.26" 2.81% 0.38" 0.62* 0.67¢
Crop plants of reference sites 7.44° 0.45% 5.517 0.63" 1.16 0.86*

Typical concentrations sufficient for plant growth
(Epstein 1965)

Note. Values in the same column followed by the same letter(s) are not significantly different at p < 0.05
according to ANOVA.

N = nitrogen; P = phosphorus; K = potassium; S = sulphur; Ca = calcium; Mg = magnesium.

The nitrogen content of the plant samples in the agricultural soils varied between 1.45 to 9.04%. The highest
accumulation of N in the plant was in Raphanus sativus (site CP9) and the lowest was in Artemisia vulgaris (site
CP14). Average results indicated that at reference sites, plants accumulated the highest amount of N (7.44%)
compared to agricultural soils (3.75%) in the vicinity of the brick kiln cluster. The P content of the samples was
within the range of 0.07 to 0.46% in the agricultural soils near the brick kiln cluster and in the reference site, the
average concentration was 0.45% (Table 6). The highest P concentration was found in Oryza sativa (site CP5) and
the lowest P was obtained from Capsicum species (site CP4). The K content in crop plants ranged from 0.33 to
10.13% in the agricultural soils near the brick kiln and 5.51% in the reference soil of the study area. The highest
accumulation of K in the plant was in [pomoea batatas (site CP3) followed by Oryza sativa (site CP5) and the
lowest was in Brassica nigra (site CP11). S accumulation was not high in the plants as reported by some authors in
brick kiln areas (Sikder et al., 2015). The plant S concentration was recorded ranging from 0.13 to 0.75% in the
agricultural soils near brick kiln and 0.63% in the reference soils. The mean value of plant S concentration was
found 0.38% in the agricultural soils. The highest plant S concentration was found in Capsicum species (site CP13)
and the lowest in Oryza sativa (site CP7). The concentration of plant Ca and Mg was not found to vary widely
among the sampling sites (Table 6).

Application of injudicious and elevated levels of synthetic fertilizers in the agricultural fields imbalanced the
content of nutrients in the agricultural soil near the brick kiln cluster. The plant nutrient accumulation is affected
by fertilizer application (Yousaf et al., 2017). pH, soil OM and TN had a positive significant relation with plant
nutrient concentrations (Table 7). Nutrients accumulation in the plant depends on available nutrient
concentrations in soil. Almost all the sites near the brick kiln cluster showed lower content of nutrients than in
reference sites. It might be due to the heavy metal in polluted soils that could hamper plant functionality for the
uptake of mineral nutrients from the soil. There was an inversely proportional significant correlation (p < 0.001)
between the heavy metal accumulation rate in soil and concentrations of nutrients in the plant (Table 7).
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Table 7. Correlation coefficients among soil and plant properties (n = 63)

Soil properties ~ Plant N Plant P PlantK  Plant S Plant Ca  PlantMg PlantPb  Plant Cd
Clay 0.32" 0.33" 040" 0.01 034" 0.68"" -0.19 -0.24
BD -0.20 -0.28" -0.55™  -0.15 051" 043 028 0.34"
WHC 0.29" 039" 035" 0.10 0.49" 0.45™ -0.14 -0.43"
pH 0.67"" 0.74™" 027 040" 048" 031" -0.14 -0.44"
Soil OM 0.44™ 0.59"" 035" 0.26" 0.59"" 0.65" -0.18 -0.46™"
Soil N 0.54™ 0.72" 0.29™ 0.37" 0.68"" 0.54™ -0.23 -0.62""
Soil P 0.55" 0.78"" 043" 0.42"" 047" 0.22 0.00 -0.29"
Soil Na 0.59"" 0.55" 037" 0.28" 0.60""" 0.44™ -0.18 -0.52""
Soil K 0.63"" 0.75™ 0.45™ 0.25" 0.70"" 0.44™ -0.09 -0.44™
Soil Ca 0.60"" 0.57"" 041" 0.37" 0.46"" 0.42"" -0.17 -0.26"
Soil Mg 047" 0.43™" 0.04 049" 039" 027 -0.22 047"
Soil Pb -0.75™ 054" 038" -0.43™ 056" 0547 0517 0.76""
Soil Cd 078" -0.63™  -0.21 -0.49™ 055" 05177 042 0.80""

Note. *** Correlation is significant at the 0.001 level, ** Correlation is significant at the 0.01 level; *
Correlation is significant at the 0.05 level.

3.6 Characterization of Sampling Sites Based on the Elemental Composition of Soils and Crop Plants

The principal component analysis (PCA) is used to analyze data for investigating metal sources and
anthropogenic activities (Kormoker et al., 2019). The depositions of atmospheric particulates released by brick
kiln clusters were found to contribute to Cd and Pb in investigated agricultural soils. A PCA was performed on a
correlation matrix of the data obtained on nutrient concentration in soils of the sampling site and corresponding
crop plants and soil contamination index (Figure 2).
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Figure 2. The principal component analysis (PCA) plot showing the similarity of agricultural soils adjacent to the
brick kiln cluster considering heavy metal indices in sampling sites and nutrient concentration in soils and plant

Note. BD = bulk density; WHC = water holding capacity; OM = organic matter; TN = total nitrogen in soil; AvP
= available phosphorus in soil; N = nitrogen; P = phosphorus; K = potassium; S = sulphur; Ca = calcium; Mg =
magnesium; Na = sodium; K = potassium; Ca = calcium; Mg = magnesium; Cd = cadmium; Pb = lead; PER =
comprehensive potential ecological risk index, Cfi Cd = cadmium contamination factor; C/ Pb = lead
contamination factor; Cyq = degree of contaminations, E,' Cd = potential ecological risk index for cadmium; E,’
Pb = potential ecological risk index for lead.
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The PCA revealed a strong relationship between nutrient content in soils and plants and they varied together in
the same trend upon toxicity index of heavy metals. The PCA analysis also showed that nutrient content in soils
and plant were highly associated with soil pH, OM and TN. Cd and Pb were significantly and positively
associated with the heavy metal indices which indicate the anthropogenic release of heavy metals from the
emissions of the brick kilns (Dey & Dey, 2017). Hierarchical cluster analysis elucidates 45% deterioration and
degradation of soil and plant quality was due to brick kiln operation near the agricultural field. The results thus
indicate that loss of fertility as soil nutrient concentration reduced for brick kiln operation could hamper plant
productivity.

4. Conclusion

This study manifested that the brick kilns emission from the rigorous unrestricted operation of brick kilns in the
study area was a potential source of pollution in terms of heavy metal indices and reduced nutrient status of soil
and plants in the study area. The present circumstances may eventually provoke great repercussions. The result
presented in this paper can act as a database for the specification of nutrients and soil pollution of this study area
which can be used for better resource management and effective monitoring. It is suggested that the
Environmental Impact Assessment (EIA) should be done while establishing brick kilns in the area and nutrient
and heavy metal concentration in crop plants should be regularly monitored. Planting trees could be very
effective as a mitigation strategy to minimize soil degradation and environmental pollution from the brick kiln
exhaust.
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