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Abstract 
Three different brick kilns from the same parent material, young Brahmaputra and 
Jamuna floodplain were selected to assess the lead and cadmium accumulation. Soils and 
plants from four points such as 250, 500, 1000 and 1500 m away from kilns were 
collected based on the predicted brick kilns emission distance. Lead (92 mg kg-1 to 214 
mg kg-1) was found in the elevated levels near brick kiln soils. The alarming news is that 
plant uptake of Pb in the nearest areas of the brick kilns were significantly higher than the 
areas far from the brick production location and Pb ranges from  7 to  543 mg/kg. Results 
showed that both soils and plants from 500 m to 1000 m distance received maximum Pb. 
The amount of Pb significantly decreases with the increasing distance from the brick 
kilns. Cadmium varies within the permissible limit in both soils and plant.  
Key words: Lead, Cadmium, Accumulation, Contamination, Brick kiln,  
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Introduction 
Brick is one of the most attractive building materials in developing countries like Bangladesh 
where population is, highly dense, approximately 160 million. Due to rapid urbanization, 
construction industry is booming and spurred the production of 8.6 billion bricks per year with 
demand for the bricks rising at an annual rate of about 5.28 % (UNDP 2011).  
 Trace heavy metals like As, Cd, Cr, Co, Cu, Pb, Hg, Mn, Ni, Vn and Zn along with many 
other elements are found in the ambient air of Dhaka city (Ahammad et al. 2010). One of the most 
important sources of air pollution in Dhaka city is thousands of authorized and unauthorized brick 
fields (Ahmed and Hossain 2008). Numerous scientists  noted that a significant amount of toxic 
elements are being produced from brick kilns in every year (Pimentel 1993, Dowdeswell 1998, 
Khan et al. 2006), some of them are mixed up with air and some are deposited in soil. A large 
portion of these toxic elements, is heavy metals, are responsible for soil degradation. The plants 
act both as “accumulators” and “excluders”.  
 Lead and cadmium are very much harmful for both living and non living environment, which 
can cause adverse effects on human health and agi-environment (Pirkle et al. 1998). Lead is 
accumulated by the living organisms but this metal is less mobile in soil due to less mobility of Pb 
which remains in the top soil (Martin et al. 2014). At high pH, Pb tends to precipitate. Organic 
matter plays a vital role in Pb accumulation in the top soil by forming chelates (Sipos et al. 2005).  
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 Cadmium is one of the most dangerous carcinogenic elements and is mainly produced by 
anthropogenic activity which moves easily to the food chain through soil to plant root absorption 
and accumulates an appreciable amount in the living body without showing stress. As a heavy 
metal like Pb, Cd behavior is more or less same in soil. Cadmium can be mobile in both high and 
low pH (Cavallaro and McBride 1980). 
 Very little work has been done to assess the pollutants nearby brick kilns and their 
effects on agri-environment (Pimentel 1993, Ahmed and Hossain 2008) but none of the work 
has been done on Pb and Cd accumulation in soils and plants in agri-environment nearby 
brick kiln emissions. Therefore, the current research aims to find out the impact of Pb and 
Cd accumulation in nearby brick kiln agri-environmental ecosystems.  
 
Materials and Methods 
Three sites were selected on the basis of soil parent material, cropping pattern, and wind direction 
from the brick kiln to the field. Medium high land type is used as selecting criteria because of its 
influence on cropping pattern and farming system (Table 1). Sites are located in three different 
districts such as, Mawna (Gazipur), Kalampur (Dhaka) and Noyadingi (Manikgang).  
 
Table 1. Description of the sampling sites. 
 

 
Site 

 
District 

 
Parent material 

 
Land type 

Wind 
direction from 
the brick kiln 

Cropping 
pattern 

Age of the 
brick kiln 
(year) 

No of 
kilns 

Mawna Gazipur Young Brahmaputra 
and Jamuna 
floodplain 

MHL From brick 
kiln to south 

Boro 
(HYV)-
winter 
vegetable 

12-14 5 

Noyadingi Manikganj Young Brahmaputra 
and Jamuna 
floodplain 

MHL From brick 
kiln to south 

Boro 
(HYV)-
maize 

14 3 

Kalampur Dhaka Young Brahmaputra 
and Jamuna 
floodplain 

MHL From brick 
kiln to south 

Boro 
(HYV)-
maize 

8 5 

 

 Soil and plant samples were taken from the agricultural fields adjacent to the brick kilns 
exposed to the different degrees of environmental pollution in February, 2014. Four distances 
from each area were selected, such as 250, 500, 1000 and 1500 m based on the predicted brick 
kilns emission distance. At each point, soils were collected from three layers such as surface (0 - 
15 cm), subsurface (15 - 50 cm) and substratum (50 - 100 cm). Three replicate samples were 
mixed thoroughly to make a composite sample. Plant samples (10 - 15 plants) were collected from 
the respective field from where the soil samples were collected. 
 Properties of the collected soil samples are represented in Table 2. The parent material of all 
three sites was young Brahmaputra and Jamuna floodplain. Results demonstrates surface, 
subsurface and substratum soil of the study area are mainly silt loam in texture and is favorable for 
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agricultural practice (Hannan 1995), where clay percentage is < 10% in most cases. Young 
Brahmaputra and Jamuna Floodplain soils are traditionally very low to low in organic carbon and 
CEC. The variation of OC may occur due to extensive agricultural practice and the application of 
less organic manures by the farmers. Most of the farmers denied using organic manures for crop 
production which is one of the most important reasons for OC variation in most of the rice fields. 
Intense farming pattern is also responsible for organic matter variation and there is another 
possibility of formation of cheleate with heavy metals producing from the brick kilns.  
 Soils are slightly acidic to acidic in nature in the sampling sites may be due to the application 
of excessive fertilizer and impact of nearby brick kilns. Brick kilns usually are emitting toxic 
gases, such as SO2, NO2 and some other compounds (Greentech 2012).  
 
Table 2. Some soil properties of the sampling sites. 
 

Sampling distances (m) Sampling site Soil properties 
250 500 1000 1500 

Clay (%) 9.20 8.70 11.2 10.7 
Organic Carbon (%) 0.61 0.87 0.90 1.19 
pH       5.11       5.23       5.54      5.60 

Mawna 

CEC (me/100g ) 1.12 1.02 0.89 0.81 
Clay (%) 17.7 20.2 15.45 5.20 
Organic Carbon (%) 1.14 1.19 1.19 0.7 
pH 5.22 6.14 6.62 7.4 

Noyadingi 
 

CEC (me/100g ) 1.14 1.10 1.17 1.08 
Clay (%) 9.20 11.7 13.95 8.20 
Organic Carbon (%) 0.68 0.68 1.07 1.24 
pH 5.04 3.44 6.05 5.57 

Kalampur 

CEC (me/100g ) 0.69 0.51 0.89 0.89 
 
 Total concentration of Pb and Cd was digested by Aqua rezia with a ratio of 1 : 10 (Jackson 
1962). For the determination of available Pb and Cd 1N HCl was used as an extracting agent with 
a ration of 1 : 33.33 (Chowdhury et al. 2010). After the extraction both of the heavy metals were 
analyzed by AAS.  
 The data from all soils and plants were combined and analyzed statistically to examine the 
relationships between Pb and Cd with soil properties. In this approach statistical software strata 
version 12 was used.  
 
Results and Discussion 
Soils are silty loam in texture derived from parent materials young Brahmaputra and Jamuna flood 
plain; they have medium (20-30% in clay fraction) mica in medium high land condition which 
refers to a medium CEC level of the soil. Availability of Pb and Cd in soil also depends on many 
other inherent properties of soil like CEC.  Availability of Pb and Cd ultimately depends on the 
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soils properties (Table 2). Correlation analysis shows that Pb and Cd increases with a decreasing 
pH.  The role of pH in controlling the Pb and Cd concentration in the soil solution is well known 
(Bur et al. 2012, Ming et al. 2012) and research data here also followed the same trends. Soil pH 
plays a major role in the sorption of heavy metals as it directly controls the solubility of metal 
hydroxides, as well as metal carbonates and phosphates. This phenomenon has been demonstrated 
by many researchers in a variety of temperate region soils. Besides these significant correlation 
values are also presented in regression format (Figs 1 and 2). Accumulations of these two metals 
were higher in the surface soils, where the accumulation of organic carbon is high. This organic 
fraction is slowly available in the soil indicates a significant relationship between organic carbon 
and availability of Pb (Fig. 3). Lead and Cd have a tendency to form chelate with the organic 
carbon (Sipos et al. 2005). 
 

 
Fig. 1. Relationship between total Pb-soil constituents, available Pb-soil constituents and available Pb in soil-

plant Pb. 
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 Accumulation of Pb was found to be highest in the 500 m distance from the brick kiln (Fig. 
3), may be due to the dumping of fly ash in this zone. Fly ash or coal ash contains an appreciable 
amount of Pb and Cd (USEPA 2003). Therefore, when they fall in some places accumulation of 
these two elements may be higher. Accumulation of Pb and Cd in near distance from the brick 
kilns may also be supported by the lower pH (Ming et al. 2012). One of the main by product of the 
brick making operation is SO2, which lowers the pH when moves down to soil as a mixture with 
rain water. Heavy metals accumulations are significantly reduced with the distance (Figs 3 and 4). 
The most alarming message is the significant accumulation of Pb in the soils, whereas, Cd 
concentration is lower than the critical limit (<1 mg/kg), but the Pb level is more than double in 
soil than the average level.  
 

 
Fig. 2. Relationship between total Cd and soil properties. 

 

 Concentration of Cd was found trace and Pb was found higher than the critical limit 2 mg/kg 
(BARC 2005) in the plants of the sampling area (Fig. 5). Lead concentration in plants is an 
alarming matter because of its carcinogenic character. A strong correlation between available Pb 
concentration in soil and total Pb concentration in plant indicates that it is derived by low pH, fly 
ash dumping from the brick kilns and organic matter presence in surface soil.  
 Plants, living in the affected areas were affected by both Pb and Cd in two ways. First, they 
take these from the air directly through respiration and secondly as a food substituent when 
conditions are favorable such as low pH, high CEC and organic carbon. These heavy metals are 
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also responsible for biological toxication. It may also store in the agri-environment as a part of the 
biodiversity (Kleijn and Sutherland 2003). When herbivores eat these plants they get infected with 
the toxicities, is followed in every stage of the food chain and in the upper stage affect in more 
pronounced as bio magnification takes place in every single stage. Ultimately if the plants get 
affected with Pb and Cd all plants and animals are also affected.  

 
Fig. 3.  Accumulation of total and available Pb at different distances from the brick kilns. 

 

 
Fig. 4. Accumulation of total and available Cd at different distances from the brick kilns. 

 

 It is well known that important heavy metals posing threats to soil quality and human health 
include Cd and Pb and both of them are used for a wide variety of industrial, urban, and 
agricultural applications. Rural people and brick kiln workers exposed to low levels of Cd over 
time may incur kidney damage as well as lung, bone, cardiovascular system, liver, and 
reproductive system damage (Hrudey et al. 1995). In children, Pb has been known to cause 
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decreases in IQ scores, retardation of physical growth, hearing problems, impaired learning, as 
well as decreased attention and classroom performance. In individuals of all ages, Pb may cause 
anaemia, kidney disease, brain damage, impaired function of the peripheral nervous system, high 
blood pressure, reproductive abnormalities, developmental defects, abnormal vitamin D 
metabolism, and in some situations death (Hrudey et al. 1995). The stronger the interaction of Cd 
and/or Pb with the surface soil, the less the likelihood of agri-environmental contamination (soil 
and plant).  
 

 
Fig. 5.  Pb uptake by plants at different distance from the brick kilns. 

 

 The brick kilns were surrounded by agricultural fields far away from industry and more than 
500 m away from the intensive vehicle used road. The parent materials of the sampling sites were 
Young Brahmaputra and Jamuna floodplain, which has no evidence to accumulate such pollutants. 
On the other hand, surface soils have higher Pb and Cd concentrations than substratum soils, 
indicating contaminants were not originated from the ground water. Accumulation of these 
contaminants also decreased with the distance from brick kilns. Hence, the only possible sources 
of Pb and Cd in soils were air pollution from nearby brick kilns. 
 
Conclusion 
The research provides an assessment of Pb and Cd in the agi-environment nearby brick kilns. 
Cadmium concentration was found within the acceptable limit in both soils and plants. On the 
other hand, Pb concentration was very high in the sampling areas. With the help of low pH and fly 
ash dumping this carcinogen accumulate higher in the nearer zones of the brick kilns and then 
taken up by plant. The research findings recommend that 500 to 1000 m distance from brick kilns 
might be at maximum risk in agri-environmental ecosystems since that contamination level is 
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reduced with distance. Therefore, it is suggested to avoid agricultural practice up to a distance of 
1000 m from brick kilns. 
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