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Chromium-rich tannery sludge has the potential to become a serious environmental burden for 
Bangladesh in future with very limited safe disposal options. One potential avenue for the disposal and 
stabilization of this sludge can be the country's huge brick-making industry but it must be ensured first 
that the engineering properties of bricks are not diminished and leaching of harmful materials do not 
occur as a result of incorporation of sludge as a brick constituent. Here we present laboratory 
experiments to determine the properties of sludge-amended clay bricks and to assess the potential of 
leaching of heavy metals from them. Clay bricks were prepared with different proportions of sludge (10%, 
20%, 30% and 40% by weight) through firing at 1000°C temperature and its suitability as a construction 
material was assessed based on its strength, water absorption, firing shrinkage, weight loss on ignition 
and bulk density. The compressive strength of tannery sludge-incorporated bricks ranged from 16 MPa to 
29.61 MPa, which met both the Bangladesh and ASTM requirements for building construction material. 
The leaching behavior of several heavy metals (Cr, As, Cu. Ni. Cd, Pb and Zn) from sludge-amended clay 
bricks has been found to be insignificant and far below international regulatory limits.  Results from this 
study indicate that tannery sludge can be sustainably stabilized in clay bricks and large-scale application 
of this technique can be envisaged for Bangladesh where the leather and brick industries continue to be 
important economic pillars of the country. 
 
Key words: Tannery sludge, heavy metal, Bricks, waste management, recycling, leaching.  INTRODUCTION  
Leather industry in Bangladesh is considered as one with enormous growth and investment potential, 
earning $1.29 billion from exports in the 2013-14 fiscal and accounts for 4.2 percent of the country’s total 
exports; yet the environmental burden associated with it has been a cause for great concern mainly 
because of the generation of hazardous chromium-rich wastewater and solid wastes (Hashem et al., 
2015). In the process of transformation of raw skin and hides to leather products, basic chromium sulfate 
is used as a tanning material to convert putrescible collagen fibers into non-putrescible leather matrix 
(Houshyar et al., 2012), only 60% of the which react with the raw materials while rest of the chromium 
salts are discharged into the wastewater (Cassano et al., 1997). In an effluent treatment plant, the 
dissolved chromium and other different types of spent chemicals, namely sulfide, salt, proteins, 
polyphenolic compounds, surfactants, dyes, syntans etc., present in the wastewater are precipitated 
chemically using alum, lime or ferric chloride (Swarnalatha et al., 2006). Usually about 100-150 kg of 
sludge is generated per ton of hides/skins processed (UNIDO, 1998) and this chromium rich sludge has 
the potential to contaminate soil, surface water and groundwater by generated leachate and pose a threat 
to the environment and natural resources if the sludge is not disposed properly (Thomson et al., 1999) 
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Tannery sludge (TS) contains elevated levels of heavy metals like Cr, As, Co, Ni, Cu, Zn, Fe, Cd due to 
use of basic chromium salt, different syntans,  dyes, pigments, retanning agents etc. in the tanning 
process. These heavy metals are very harmful, because of their non-biodegradable nature, long 
biological half-lives and their potential to accumulate in biological systems (Wilson and Pyatt, 2007). 
Different techniques used for the disposal of tannery sludge are agricultural land application, land-filling, 
hydrometallurgical methods to recover chromium, incineration and gasification (Basegio et al., 2002). 
Application of chromium-rich tannery sludge to agricultural land is often deemed risky, as it may not only 
result in soil pollution but also may be taken up by plant roots and can potentially bio-accumulate in the 
plant tissue, thereby jeopardizing the safety and quality of food (Muchuweti et al., 2006). The land-filling 
scenario is now under increased scrutiny, mainly because of highly-polluting emissions, the low recovery 
of energy and the limited capacity of available land-fill sites in densely populated areas (Swarnalatha et 
al., 2006). The chromium extracted using hydrometallurgical method is not only costly but also of poor 
quality due to its association with other impurities (Cassano et al., 1997). Thermal treatment by 
incineration and gasification can recover energy from the waste product but it is expensive and 
associated with the additional burden of disposing the residues (Basegio et al., 2002). 
A technique to treat or stabilize hazardous waste is by solidification in construction materials such as 
brick or concrete which has been applied in several instances quite successfully for the cases of sewage 
and textile sludge and arsenic-rich filter materials (Patel and Pandey, 2012; Chiang et al., 2009; Hassan 
et al., 2014). Though solidification does not necessarily involve a chemical interaction between the waste 
product and the solidifying materials, it has proven to be an effective method to reduce the potential 
hazard of the waste by converting it into a less toxic and mobile form though the performance can vary 
depending on the waste product used and the technique for solidification. The solidified waste can be 
either disposed in a landfill or used as a construction material provided that the material possesses the 
necessary engineering properties and leaches toxic pollutants to an acceptable degree. (Rouf and 
Hossain, 2003). Several studies have shown that tannery sludge can be effectively stabilized in 
construction materials such as concrete and ceramic tiles (Basegio et al., 2002; Montañés et al., 2014). 
Here in this study, we demonstrate experiments to show that tannery sludge can be stabilized in clay 
bricks, a dominant construction material in Bangladesh. 
 EXPERIMENTAL PROCEDURE 
 
Raw Materials 
     Tannery Sludge (TS) samples were collected from the Effluent Treatment Plant of Apex Tannery Ltd, 
unit-2 located in Gazipur, Bangladesh. The clay sample used to prepare bricks in the laboratory was 
obtained from a local brick manufacturing plant.  
 Characterization of Sludge  
     The moisture content and organic content of sludge and clay were determined by APHA method 
(APHA, 2012). For heavy metal analysis, 5 gm lightly ground dried sample was digested with acid (HNO3: 
HCl =1:3 volume ratio) for 24 hours, then 350-400 ml distilled water was added and the sample was 
boiled for 2.5 hours to prepare a  500 ml solution. Finally, the solution was filtered through 0.45 µm filter 
paper and filtrate was collected to determine the concentration of heavy metals (Cr, As, Pb, Cd, Ni, Cu, 
and Zn) using Atomic Absorption Spectrophotometer (AAS) (Shimadzu AA 6800). 
 
Brick Preparation and Tests 
     Both sludge and clay were oven dried and ground by crushing machine. Atterberg's limit tests were 
conducted according to ASTM D 4318, (2000) to get the plastic nature of the sludge-clay mixture and 
Optimum Moisture Content (OMC) was determined according to AASHTO T- 99, (1982). Clay samples 
(length 12 cm. width 6 cm and height 3.5 cm) of varying sludge proportions (0%, 10%, 20%, 30% and 
40% by weight) at OMC were prepared in the laboratory. An additional 2-3% (by weight based on dry 
mass of the clay sample) of water was added to facilitate the hand molding process. Three 100% clay 
samples were prepared as a reference specimen. After 24 hours of natural drying (at room 
temperature)and 48 hours of oven-drying (at 105°C), these samples were  heated in an electric furnace 
(Nabertherm, LH 60/14, Germany) at the rate of 5°C/min up to the design temperature of 1000oC and 
held for 3 hours. A series of tests such as firing shrinkage, weight loss on ignition, water absorption and 
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compressive strength were conducted on the bricks according to ASTM C 67-02c, (2002). The test results 
of all the parameters were taken as an average value from three replicate tests. 
 
Leaching Test  
     The NEN 7345 method of leaching test from engineering materials, mostly followed in Netherlands 
and EU, has been adopted in this study. In this test, each piece of sample was introduced into a 
polyethylene container and filled with acidified water (with HNO3 at pH = 4). Volume of extractant fluid in 
each recipient was approximately 5 times the volume of sample, and the sample was completely 
submerged with the fluid level not less than 5 cm high from the top of the sample. For each sample, eight 
extraction were done. The leachate was removed and replaced with fresh extractant fluid after 0.25, 1, 
2.25, 4, 9, 16, 36 and 64 days. Leachate obtained from each extraction was filtered through 0.45 µm filter, 
and analyzed using AAS (Shimadzu A 6800) for the above-mentioned heavy metals. Eq. (1) was used to 
compute leachability of each pollutant (heavy metals) at the i-th extraction. 

A
VCCE oii 1000
)(        (1) 

Where, iE =of a pollutant at the i-th extraction (mgm-2); iC = pollutant concentration at the i-th extraction 
(mg/l); oC = pollutant concentration in the blank (mg/l); V = volume of extractant agent (L); A = surface 
area of the sample (m2).  
After eight extractions, Eq. (2) was used to compute the leachability, E, for each of the heavy metals 
analyzed. 

 8

1i
iEE          (2) 

 

 
(a)  

(b) 
 

Figure 1. (a) Raw TS incorporated clay samples prepared in the laboratory (b) Bricks prepared by firing at 
1000°C in the furnace 

 
 RESULT AND DISCUSSION 
 
Characteristics of Sludge 
     Table 1 shows the pH, moisture content, organic content and metals content (mg/kg) for the tannery 
sludge and clay. The moisture content of the tannery sludge and clay was 70 ± 8.34% and 2.42 ± 0.9%, 
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respectively. The organic content of tannery sludge and clay was 28.75 ± 3.68% and 3.72 ± 0.8%, 
respectively. Chromium was the principal heavy metal in the tannery sludge which is in congruence with 
the previous study by Juel et al., (2016). Mean concentration of the metals were: Cr: 19229 mg/kg; As: 
1.8 mg/kg; Pb: 63.8 mg/kg; Cd: ˂0.01 mg/kg; Cu: 385.7 mg/kg; Zn: 250.6 mg/kg; Ni: 139.5 mg/kg. 
 

Table 1. The basic properties and metal content of tannery sludge and soil samples. 
 

Properties Sludge Soil 
pH 7.5 ± 0.2 5.5 ± 0.15 
Moisture (%) 70 ± 8.34 2.42± 0.9 
Organic content (%) 28.75 ± 3.68 3.72± 0.8  Total metal content (mg/kg) 
Cr 19229 ± 6303 - 
As 1.8 ± 0.3 - 
Pb 63.8 ± 5.6 - 
Cd ˂ 0.01 - 
Ni 139.5 ± 1.91 - 
Cu 385.7 ± 170 - 
Zn 250.6 ± 68 - 

- indicates not available 
 Compaction and Atterberg Limit Tests  

     The results of the compaction test from Table 2 shows that OMC increases with the increase of sludge 
incorporation into the mixture. The results of Atterberg tests of sludge-clay mixtures show that with the 
increase in sludge proportion there is an increase in both Liquid Limit and Plastic Limit whereas there is a 
decrease in  Plasticity Index (PI) of the samples. The control specimen (i.e. 0% sludge) had a PI of 18.2 
which can be regarded as a highly plastic material. The plasticity index of sludge – clay mixture was 17.6, 
15.54, 13.92 and 11.6 as a result of adding 10%, 20%, 30% and 40% TS respectively into mixture. Since 
PI greater than 17 indicates clay property (Panjaitan, 2014), by incorporating 10% of sludge (by weight) a 
high enough plasticity can still be maintained in the mixture that would aid in the mixing and molding 
process. 
  

Table 2. Effect of moisture content on OMC, Liquid limit, Plastic limit, and Plasticity Index of sludge-clay 
mixtures 

Sludge proportion (% by weight) 0 10 20 30 40 
Optimum Moisture Content (%) 18 21 26 29 33 
Liquid Limit (%) 35.2 37.1 39.8 42.5 46.1 
Plastic Limit (%) 17 19.5 24.3 28.6 34.5 
Plasticity Index (%) 18.2 17.6 15.5 13.9 11.6 

 
Compressive Strength 
     The compressive strength test is the key test for ensuring the engineering quality of a building 
materials. The compressive strength of TS incorporated bricks ranged from 165 kg/cm2 (16 MPa) to 302 
kg/cm2 (29.61 MPa) shown in Table 3. Figure 1(a) also revealed that compressive strength was inversely 
proportional to the sludge content where it decreased with the increase of sludge content. Similar trend of 
compressive strength reduction with sludge content has been previously observed in other studies (Rouf 
and Hossain, 2003, Basegio et al., 2002, Ukwatta et al., 2016, Monteiro et al., 2008). The addition of 
10%, 20%, 30% and 40% sludge into the mixture reduces strength approximately by 19%, 31%, 48% and 
56% respectively compared with the reference bricks. According to BDS (2009) standards, 10% TS bricks 
burnt at 1000°C can be considered as Grade-S and 20% to 40% TS bricks fall within Grade-A category 
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bricks (Table 3). However, all the samples also satisfied the minimum criteria of compressive strength for 
bricks which is  87.69 kg/cm2 (8.6 MPa) according to ASTM (ASTM C 62, 2012). 
 

Table 3. Properties of TS incorporated fired bricks and comparison with standards. 
 

Parameters Sludge proportion (% by weight) BDS (2009) Standards 
0 10 20 30 40 Grade S Grade A Grade B 

Compressive strength 
(kg/cm2) 376 302 240 195 165 ≥ 245 ≥ 154 ≥ 105 
Water absorption (%) 7.2 9.1 12 14.7 16.7 ≤ 10 ≤ 15 ≤ 20 
Weight loss on ignition (%) 6.65 10.1 11.8 14.4 16.5 ≤ 15 ≤ 15 ≤ 15 
Firing shrinkage (%) 12.98 9.1 7.97 6.74 6.38 - - - 
 
Water Absorption 
     Water absorption is one of the vital parameter for ensuring quality of bricks. The less amount of water 
penetrates into brick, the more will be its resistance to weathering and hence the durability of the bricks 
(Weng et al., 2003). Figure 1(b) showed the results of the water absorption test as function of sludge 
content.  
 

  

  
 

Figure 2. Effect of sludge content on (a) compressive strength, (b) water absorption, (c) weight loss due 
to ignition and (d) shrinkage due to firing of bricks. The error bars indicate the standard deviation of the 

results over three replicates. 
 

(a) (b) 

(c) (d) 
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It has been found that the water absorption of the bricks increased with increased sludge thereby 
potentially increasing its susceptibility to weathering action. Water absorption increased from 7.2% to 
16.7% when TS proportion was increased from 0% to 40%. Generally sludge contains high amount of 
organic matter which generates pore spaces within the brick when fired at high temperatures and these 
pore spaces favor water absorption. The tannery sludge used in these experiments contained high 
amount of organic content (28.75%, see Table 1 and it was found that the quantity of absorbed water 
increased with the increase of TS proportion. Similar trends in water absorption with sludge fraction in 
bricks and other construction materials have been observed in other studies (Rouf and Hossain, 2003, 
Basegio et al., 2002, Ukwatta et al., 2016). As per water absorption standards stated in BDS 208 (2009) 
bricks made with 10% sludge burnt at 1000°C can be regarded as Grade-S (Table 3). 
 
Weight Loss on Ignition 
     The Effect of sludge content and firing temperature on weight loss of bricks are shown in Figure 1(c). It 
has been found the weight loss of bricks increased as percentage of sludge is increased. The reference 
bricks showed the lowest weight loss of 5.52%, while the 40% sludge incorporated bricks sintered at 
1000°C showed the highest weight loss of 16.5%. This weight loss could be due to the combustion and 
decomposition of the organic and inorganic matter present in both the tannery sludge and clay during the 
firing process (Liew et al., 2004, Weng et al., 2003). Similar characteristics of weight loss in case of 
sewage sludge (Ukwatta et al., 2016, Monteiro et al., 2008) and arsenic-rich sludge (Rouf and Hossain, 
2003) incorporated bricks were found in other studies. Bricks incorporating up to 20% sludge have met 
weight loss criteria (15%, as per BDS, 2009). Light weight bricks are actually a favorable property for a 
construction material because of their lower dead load, ease in handling, savings in cost during 
transportation and better thermal insulation. 
 
Firing Shrinkage 
     Shrinkage in bricks occurs as chemically and mechanically bound water is lost during firing (Karaman 
et al., 2006). High shrinkage is an undesirable property in any engineering material. Figure 1(d) shows 
the volumetric shrinkage of bricks due to firing as a function of sludge content. The shrinkage of bricks 
was found to decrease with the increase of sludge content in bricks which is in congruence with previous 
studies by Ukwatta et al. (2016) and Liew et al. (2004). For 40% sludge amended bricks fired at 1000°C, 
the volumetric shrinkage reduced by 50.8% compared to the control bricks. The decreasing trend 
obtained here may be due to expansion in the bricks during the firing stage. Sludge-amended bricks 
could release more gases compared to control bricks due to burning of organic matter, generating voids 
which may cause a net expansion within the sludge-clay matrix and eventually resulting in a lower net 
shrinkage. (Ukwatta et al., 2016). 
 

Table 4. Result of the tank leaching tests in bricks samples after 8 extractions (64 days)  
Sludge 
content 

Cr 
(mg/m2) 

Zn 
(mg/m2) 

Cu 
(mg/m2) 

Pb 
(mg/m2) 

Ni 
(mg/m2) 

As 
(mg/m2) 

0% 0.008 0.006 0.021 0.086 0.008 0.007 
10% 0.161 0.004 ND 0.027 0.002 0.002 
20% 0.345 0.005 0.003 0.020 ND ND 
30% 0.290 0.001 0.003 0.055 ND ND 
40% 0.499 ND 0.003 0.062 ND ND 

Leaching limits set by the Netherlands Tank Leaching Test (NEN 7345) 
U1 150 200 50 100 50 40 
U2 950 1500 350 800 350 300 

“ND” = not detected. Detection limit for Zn, Cu, Ni and As are> 0.001 mg/l 
 
 
Heavy Metal Leaching 
     Leaching of heavy metal can be a concern as heavy metal contaminated sludge is introduced to the 
finished products. It should be ensured that leaching of heavy metal from bricks does not exceed the 
maximum permissible limit even under extreme conditions. The NEN 7345 leaching test was carried out 
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for bricks fired at 1000°C. The cumulative leachability values of several heavy metals from the sludge 
incorporated and control bricks fired at 1000°C are presented in Table 4. According to the Dutch 
regulations, if cumulative results from the NEN 7345 leaching test do not exceed U1 values, sludge 
incorporated bricks can be used in construction without any restrictions. If cumulative results exceed U2 values, they cannot be used as construction materials and if the results are between U1 and U2 they can 
be used as construction materials but they need to be treated once their life cycle is ended (NEN 7345, 
1993).The cumulative leachability values for all heavy metals analyzed in this study were insignificant as 
they were found to be far below U1 (Table 4). Even, Zn, Cu, Pb, Ni, and As have been found to have 
leached in lower concentration from sludge amended bricks compared to control bricks (100% clay).  
 

 CONCLUSION 
 
This study has investigated the effect of incorporating tannery sludge in fired-clay bricks on their physical 
and mechanical properties as well as their leaching behavior. The addition of 40% sludge into the mixture 
causes a 56% reduction in strength compared to control bricks though all the TS-amended bricks have 
been found to meet both ASTM and Bangladesh standards for bricks to be used in construction. Water 
absorption increases with the increase of sludge content. The leached concentration of targeted heavy 
metals analyzed in this study have been found to be insignificant and far below international regulations. 
Based on the results obtained from the laboratory, incorporation of 10% TS in clay can still produce bricks 
of acceptable mechanical and physical properties as per ASTM and BDS standards. Also, there will be 
minimal cause for concern for leaching of toxic metals in the environment. Therefore, incorporating 
tannery sludge in clay bricks can be a promising venture for successfully recycling waste materials into 
one of the most widely used building materials in Bangladesh. 
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