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ABSTRACT: Thestudy was conducted with the selected soil profile of burnt (soil around brick kilns) and unburnt
(agricultural land) soils in the Dingjpur, Rangpur, Rajshahi, Khulna and Patuakhali districts at the western part of
Bangladesh to eval uate the effects of brick kilns on soil degradation and environmental pollution. The pH values of the
unburnt soilsincreased as afunction of the soil depth for Rangpur, Khulnaand Patuakhali, while decreased for the soil
profilesin Dingjpur. Burning of soils significantly (p<0.05) decreased the average pH values of soils by 0.4 pH units
(7 % increased over average content = |OAC), but strikingly increased the average EC valuesfrom 0.26 to 1.77 mS/cm
(592 % IOAC) and the effect was pronounced with the depth function. The average sand content of the soil profiles
increased by 330%, whilethesilt and clay contents decreased by 49 and 40 %, respectively. The average lossesarising
from the burning of agricultural soilswere amounted to 63% for organic matter, 56 to 86 % and 23 to 88 % for available
andtotal N, P, K and S, respectively. This huge loss through the burning of 1 m deep soil profile, i.e. aimost 3/4™ of the
deterioration of soil fertility isnot only reducing the crop production but also polluting the associated environment and
atmosphere. The burning of enormous C, N and S not only degrade the agricultural soils but also contributing to the

changesin theglobal climate.
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INTRODUCTION

Indigenous soil knowledge, concerns about
environmental quality, wise and economic uses of water
and soils-the Mother Earth are very essential for long-
term protection of our soil and water resources
(Warkentin, 2002; Ekosse, et al., 2006). Theincreasing
world's population will put pressure on soil resources.
The role of soils, their contribution, and efficient
maintenance regarding the quality of nature are
undoubtedly important and will increase in the future.
Land degradation can be considered in terms of theloss
of actual or potential productivity or utility asaresult of
natural or anthropic factors (Eswaran, 1999). Soil
degradation and environmental pollution is one of the
most serious problems in the world today, because of
their adverse effectson agriculture and thelife on Earth.
Three quarters of the world soil degradation occur in
tropical areas and about 7% of the total land area (13,
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391 km?) of Bangladesh isexperiencing land degradation
(Eswaran, et al., 1993) wherethelossthrough brick kilns
was not considered. Brick kiln is one of the principal
agents of topsoil degradation and environmental
pollution. Brick kilnsaredestroying large areas of lands
every year especialy in Bangladesh where bricks are
made by collecting soilsfromadepth of about 1to2min
agricultural land which extended over about 5000 ha
during the 1998-99 period in different pockets of brick
fields (Rahman and Khan, 2001). These affected areas
are expanding rapidly due to the increase in brick
production. Brick burning not only alters the physico-
chemical propertiesand habitats of the nearby soils but
also contributing to the pollution of environments and
ecosystems. Thetopsoil nutrient el ementsand soil biota
are destroyed through brick burning. Brick burning are
largely influencing the concentrations of greenhouse
gasesintheatmosphereanditisessentia to investigate
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the contribution of soilsto therdeaseand/or fixation of
greenhouse gases (IUSS, 2002). However, studies on
these aspects are scanty and the inhabitants of urban
areas, who have been adversely affected by brick
manufacturing, are urgently seeking ways and methods
to prevent topsoil degradation and preserve the
environment. Brick kilnsal sohave sgnificanceinfluence
on biodiversty, biogeochemical cycling. Accordingly,
this study was conducted to evaluate impacts of brick
burning on the degradation of agricultural soils and
environmental pollution arising from different soil under
variable climatic conditions in the western region of
Bangladesh.

MATERIALSAND METHODS

Theassessment of theimpact of brick burning on the
degradation of agricultural topsoilswerecarried out for
five agroecological zones in the western regions of
Bangladesh, including Dinajpur, Rangpur, Rajshahi,
Khulnaand Patuakhali districts(Fig. 1). Thesiteswere
selected based on the climatic conditions, soil typeand
fertility status, geographic position andland use (Table
1). Five man-made profiles of burnt soil obtained by
gaking the soilsin open air at the boundary or periphery
of brick kilnswerestudied. They cons sted of remnants
in the brickfields and had been subjected to heating at
400t0 1000 °C temperatures. The studied five unburnt
soils profiles nearby the boundary of the above
mentioned brick kilns consisted mostly soils in
agricultural landsfrom wherethetopsoils(1to2 m depth)
had been removed, depending on soil quality, for brick
production. Thestudieswerecarried out during thedry
seasonsof 1998t01999. A total of ten pitsapproximatey
1.5m deep weredug for burnt and unburnt natural soils
at adistanceof about 0.5 km fromthebrick kilnswhere
the topsoils had usually been collected. From the
agronomic point of view, the topsoilsto a depth of 100
cmarevery important in termsof nutrient dynamicsand
degradation of soil fertility. Accordingly, thesoilsin each
profileweresampled and analyzed at intervalsof 10cm
to adepth of 100 cm. The representative data obtained
from the soils at selected depths and the weight of the
topsoils (1 m extending over an areaof 5,000 ha, topsoil
sampling areas) were cond dered for thedeterminations
of nutrients. The bulk samples obtained from each section
were stored in the field moist conditions by putting the
soil samplesinto polyethylene bags in an airtight box
immediately prior to laboratory analysis. The sub-
samples were air-dried and gently crushed to pass

through 1 and 2 mm mesh sieves, as required. After
treatment with 300 g/kg H,O,, particlesizedistribution
was determined by the pipette method (Day, 1965).
Textural dassesweredetermined using atriangular co-
ordinate diagram. The pH of the soil samples was
determined in thelaboratory (dry soil and digtilled water
ratio of 1: 2.5) and measured by using a Corning glass
electrode pH meter (Jackson, 1973). Electrical
conductivity (EC) of the soilswasdetermined at aratio
of soil: water = 1: 5 according to themethod of Richards
(1954). Organic carbon content of the soil sampleswas
determined volumetrically by thewet oxidation method
with a 1N K,Cr,O, solution and concentrated H,SO,
mixture, followed by rapid titration with a IN FeSO,
solution, as recommended by Nelson and Sommers
(1982). Organic matter content of the soil sampleswas
estimated by multiplying the percentage of organic
carbon using the conventional Van Bemme en’sfactor
of 1.724. Avail abl e nitrogen wasextractedwith a2M KCl
solution and the amount was determined according to
theMicro-Kjeldahl distillation method (Jackson, 1973).
Available Pin soil wasextracted witha0.5 M NaHCO,,
asrecommended by Olsen, et al., (1954) and the amount
was determined with a spectrophotometer after the
development of a blue color using ascorbic acid and
potassium antimony tartrate as reagents. Available S
was extracted with a500 mg P/kg solution of Ca(H,PO,)
and the amount was determined with a
spectrophotometer after the development of turbidity
with BaCl,, using Tween-80 as the suspending agent of
sulfate precipitation (Klute, 1986). Total N content in
soil was determined by the Micro Kjeldahl method
following H,SO, acid digestion and alkali distillation
(Jackson, 1973). Total P, K and S contents were
determined by digestion with amixture of concentrated
HCI/HNO, (1:3), asdescribed by Schlichting and Blume
(1966). Total P content was determined by the yellow
color method (Jackson, 1973), Scontent wasdetermined
after the devel opment of turbidity (Klute, 1986) and the
total K content was measured with aflame photometer
(Klute, 1986). Correlations between the selected
parameters, levd of significanceand sandard deviation
weredetermined using statistical packagesin Office2003
Program.

RESULTS
Sites and soil conditions

Thetotal land area of Bangladesh has been divided
into 30 agroecological zones (AEZ), which provides
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Fg. 1: Map of the study area (sites are circled) in Bangladesh

extended national, digtrict and thana di gitized databases
related to soil/land types, climatic conditions,
hydrology, crops, land use and crop suitability aswell
as computerized procedures for land productivity
assessment and mapping, demographic and socio-
economicinformation. Detailed information about the
individual AEZs can be obtained from FAO website.

The present study sites in the five agro-ecological
zones exhibited average rainfall values ranging from
1300 tomorethan 3000 mm and temperaturesranging
fromlessthan 20 °Ctomorethan 40 °C, and differedin
the soil types, soil fertility and land use conditions
(Tablel). Thestudy siteat Puthiain Rajshahi had the
lowest averagerainfall (1300-1400 mm) and thelongest
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cool winter with maximum temperatureabove 40°C for
along period not only among the study sites but also
all over Bangladesh. This was the driest area in
Bangladesh. The study sitesat Parbotipur in Dinajpur
and at Pirganj in Rangpur were also affected by the
high temperatureand low rainfall. Thesite at Bauphal
in Patuakhali was observed very moist condition among
the study sites followed by Khulna. Ten general soil
types(Hussain, 1992: based on FAO/UNESCO legend)
predominated in the sd ected fiveAEZs (BARC, 1997),
wherethe soilsarepoor tofertile. The soilsat Rupsha
in Khulnawas rel atively morefertile, followed by the
soilsat Bauphal in Patuakhali and the soilswith poor
fertility wereidentified at Pirganj in Rangpur, preceded
by thestesat Dinajpur and Rgjshahi (Table1). Cropping
patterns and types of crops are also quite different in
the study sites depending on the geography, climate,
andland position (Table 1).

Distribution of soil properties

ThepH valuesin the burnt and unburnt soil profiles
ranged from 5.0t06.2 (burnt) and 5.0t0 5.5 (unburnt)
for Dingjpur, 4.4t05.1 and 4.9t06.4 for Rangpur, 6.8to
7.6and 7.7 to 7.9 for Rajshahi, 7.4t08.1and 7.7t08.1
for Khulna, and6.9t0 7.5 and 7.8t0 8.0 for Patuakhali
(Table2). ThepH valuesin the profil es of the unburnt
soilsincreased with increasing depths, except for the
soil profile in Dinajpur, where the trend of pH
distribution was opposite and no pronounced change
was observed in the unburnt soil profile in Rajshahi
(Table 2). Sail burning was found to decrease the
average pH values of soils with the depth function
(Table 3) and in the present study; the decrement in
pH was by 0.4 pH units (7% increased over average
content). The EC values of all the profiles of unburnt
soils decreased with depth and showed reverse trend
in EC valuesdueto burning of the soils, except for the
soilsin Rangpur (Table 2). Theincrement of average
ECvaueswasfrom0.26t01.77 mS/cm, i.e. 592%I0AC
(Table 3). Sand content of al the soils increased by
330%, whilesilt and clay contentsdecreased by 49 and
40%, respectively (Table 3).

Losses of nutrients

The content of organic matter was higher in the
unburnt soilsin Patuakhali (1.61%) followed by Khulna
(1.52%) and the lowest amount of organic matter was
obtained from the soilsin Rajshahi (1.17%: Table 2).
The statuses of nutrients showed almost similar trends
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of distribution asthat of organic matter. The average
loss of these valuable soil components dueto burning
of the agricultural topsoils amounted to 63% for soil
organic matter, 56 to 86% and 23 to 88% for available
and total N, P, K and S, respectively. Thedistribution
of organic matter, total and availableN, Sandtotal Pin
the unburnt soil profiles showed significant (p<0.05)
negative rel ationshipswith the corresponding depths
of sails, though thetotal K in theunburnt soilsshowed
asignificant positiverelationship (Table4). Thetrend
of the relationships of these components was very
similar to that in the burnt soils but not significant
(Table 4). Soil organic matter showed a significant
positiverelationship with the contents of the nutrients
in the unburnt soils, while these relationships were
not significant for the burnt soils, except for thetotal S
content (Table4). TheavailableN wasfound to havea
significant positive reationship with the nutrient
contents in both the burnt and unburnt soils but no
significant rel ationship was observed for P. Thetrends
of the relationships among the components studied in
both the burnt and unburnt soilswere very similar with
afew exceptions (Table4).

DISCUSSION AND CONCLUSION

The profile of the studied unburnt agricultural soil
up to 1 mdepth in Khulnafollowed by Patuakhali and
Rajshahi were dightly alkaline, while the soils in
Dinajpur and Rangpur were strongly to medium acid
(Donahue, et al., 1987). This categorization of thesoils
can be used for proper crop production and planning
inthestudied areas. Soil burning wasfound to decrease
the pH values of soils by 0.4 pH units (about 7%),
whiletheincrement of EC valuewas striking (increased
from 0.26 to 1.77 mS/cm, about 592 % I0AC) due to
burning of salts/nutrientsin the soils. Theincrement
of sand content in the burnt soilswas attributed to the
addition of more sandy soils materials during brick
production which may lead to the reduction of the
strength and quality of bricks. The 3/4" loss of organic
matter and nutrientsin the burnt soilswere dueto the
burning of the agricultural topsails. It iswell known
that soil organic matter isareservoir for plant nutrients,
enhances water holding capacity, protects soil
structure against compaction and erosion, and thus
determines soil productivity. All agriculture to some
extend depends on the content of soil organic matter
aswell asthe soil nutrients. Maintenance of organic
matter is critical for preventing land degradation
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Table 2: Some selected properties of burnt and unburnt soils sampled from soil profiles (1 m depth) in the western
region of Bangladesh

Location Depth  pH EC Tex- OM Avail. nutrient (mg/kg) Total content (%)
(cm) (mScm)  ture’ (%) N P K S N P K S
Burnt soils:
1. Dinajpur 10 52 0.25 SL 0.53 9 054 39 9 0.04 0.006 1.07 0.007
20 50 0.26 SL 0.47 7 051 34 8 0.04 0.008 112 0.006
30 55 2.25 SL 0.62 9 047 31 7 0.03 0.006 0.98 0.006
60 6.2 2.70 SL 0.50 6 043 29 7 004 0005 105 0.005
100 6.0 1.20 SCL 0.57 6 036 23 6 0.02 0.005 1.04 0.004
2. Rangpur 10 44 2.50 SL 0.36 8 045 43 7 0.03 0.006 1.33 0.009
20 4.6 1.18 SL 0.38 6 046 37 6 0.03 0.008 144 0.008
30 4.9 1.05 L 0.38 7 041 36 8 0.04 0.006 132 0.007
60 50 145 SiCL 0.55 8 038 39 6 0.03 0.005 121 0.004
100 51 1.10 CL 0.62 5 033 27 5 003 0005 122 0.004
3. Rajshahi 10 6.8 2.60 SCL 0.34 10 031 51 9 0.04 0.009 112 0.006
20 7.0 2.50 SCL 0.47 11 027 52 8 0.04 0.007 1.32 0.007
30 7.3 2.70 L 0.64 13 027 47 10 0.05 0.008 121 0.005
60 7.6 240 L 0.71 9 028 46 7 0.04 0.006 0.98 0.004
100 7.6 2.70 L 0.62 7 023 41 8 0.05 0.004 0.97 0.005
4. Khulna 10 7.6 1.05 SCL 0.53 15 03 61 12 0.05 0.011 091 0.008
20 74 1.08 SCL 0.50 17 03 67 11 0.06 0.010 0.92 0.008
30 75 2.10 L 0.43 18 03 56 8 0.05 0.091 0.87 0.006
60 7.5 2.20 SL 0.48 17 03 48 11 0.04 0.007 0.79 0.006
100 8.1 0.25 LS 0.57 11 02 43 9 0.04 0.005 0.74 0.007
5. Patuakhali 10 71 245 L 0.60 17 04 55 11 004 0009 133 0.007
20 7.0 2.38 L 0.55 15 04 61 10 0.05 0.008 125 0.006
30 6.9 2.75 SL 0.47 16 03 56 13 0.04 0.008 1.14 0.005
60 7.3 225 CL 0.45 16 03 43 9 0.03 0.005 1.17 0.007
100 75 0.95 CL 0.50 12 03 38 8 0.03 0.004 1.09 0.008
Unburnt soils:
1. Dinajpur 10 55 0.10 C 2.03 46 3 256 36 0.12 0.05 141 0.050
20 51 0.10 CL 1.53 38 2 222 29 0.09 0.05 1.33 0.040
30 50 0.27 CL 124 29 3 213 28 0.08 0.04 125 0.050
60 50 0.32 C 112 18 2 213 23 0.07 0.04 112 0.050
100 51 0.12 C 0.66 17 2 180 33 0.06 0.03 0.97 0.040
2. Rangpur 10 4.9 0.20 SiL 197 41 3 211 21 0.08 0.04 198 0.060
20 5.6 0.20 SiCL 157 32 3 205 19 0.07 0.04 198 0.060
30 6.0 0.15 SiCL 136 20 3 203 16 0.06 0.03 1.79 0.060
60 6.4 0.05 SiCL 1.03 14 3 212 17 0.06 0.03 1.80 0.060
100 6.4 0.05 CL 0.71 16 2 198 13 0.05 0.04 1.28 0.040
3. Ragjshahi 10 7.8 0.50 SiCL 1.64 38 2 228 20 0.07 0.02 182 0.060
20 79 0.25 SiCL 1.38 25 3 226 15 0.06 0.02 1.78 0.050
30 7.7 0.20 SiC 117 18 2 203 14 0.04 0.01 145 0.040
60 7.8 0.15 SiC 1.02 10 2 201 15 0.03 0.01 1.30 0.040
100 7.7 0.15 SiC 0.62 14 2 192 12 0.02 0.01 0.72 0.030
4. Khulna 10 7.7 1.10 SiL 241 53 3 430 21 0.12 0.05 1.20 0.080
20 8.0 0.30 SiCL 155 40 2 423 20 0.09 0.04 123 0.080
30 8.1 0.25 SiCL 1.45 31 2 420 14 0.08 0.03 132 0.070
60 8.0 0.35 SiCL 1.33 22 2 427 12 0.05 0.03 1.32 0.060
100 8.1 0.40 SiC 0.84 14 2 388 12 0.03 0.02 1.60 0.050
5. Patuakhali 10 7.8 0.40 SiCL 2.38 51 3 314 22 0.09 0.04 151 0.040
20 79 0.20 SiCL 1.60 42 3 311 19 0.08 0.03 162 0.040
30 8.0 0.25 S 166 30 2 308 18 0.07 0.03 143 0.050
60 8.0 0.25 SiL 1.50 21 2 295 20 0.07 0.04 134 0.050
100 8.0 0.20 SiL 0.93 13 2 286 16 0.05 0.03 1.07 0.030

TTexture: SL = Sandy Loam, SCL =Sandy Clay Loam, L = Loam, CL = Clay Loam, LS = Loamy Sand, C = Clay, SiL = Silt Loam, SICL = Silty Clay Loam,
SiC = Silty Clay, and S = Silt
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(Martius, et al., 2001). Soil organic matter showed a
significant positive relationship with the contents of
the nutrients in the unburnt soils, while these
rel ationships were not significant for the burnt soils.
These relationships revealed that the burning of
topsoils seriously degraded the soil fertility,
productivity and sustainability level of the
environments. This huge loss of nutrients associated
the burning of topsoils, i.e. almost 3/4™" of the
deterioration of soil fertility has not only reduced the
crop production but also led to pollution of the
environment and atmosphere. The losses by burning
of the three-fourth quarter of organic matter, total N
and total S throughout the 1 m deep profile over an
area of 5000 ha, led to a large depletion of nutrients
from the soils and also adversely affected the
environment, along with contribution to changes in
theglobal climate. Therefore, the losses of the topsoil
by brick burning are a serious disturbance for the
society and habitat, and would be detrimental to the
functioning of relevant ecosystem, environment and
atmosphere. The present investigation insight us in
increasing awareness about the status of soil
degradation and environmental pollution induced by
the burning of topsoils through brick kilns. Losses
of organic matter, N, P, K and S of the topsoail
amounted to about 3/4" partsthrough brick burning.
Thehugelossof C, N and Swere not only reducing
crop production and soil biota but also polluting
the associated environment and contributing to
changes in the global climate. Dust, high
temperatures (400 to 1000°C) and unhygienic
conditions of living of workers create hazards to
survival of thelocal habitats. The present findings
suggested that the brick producers should strictly
follow the rules restricting the use of agricultural
topsoils for brick production. They can also adopt
suitable international technology to produce bricks
or blocks with a good quality, as practiced in the
developed countries, through theuse of alluvial clay
and cement or black cotton and lateritic clay (NRDC,
2001). Soil degradation and environmental pollution
are not inevitable and can be controlled if major
abuses are avoided and improved methods of
environmental management are devel oped.
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