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Abstract. Sewage sludge is produced from wastewater treatment plant that often dumped into 
landfill sites, lagoons or together with municipal waste. Apart from this, the disposal of this 
sewage sludge becoming a problem for environment. Thus, an alternate method is needed to 
overcome the issue. Therefore, the objective of this study is to determine the possibility of 
incorporating sewage sludge in fired clay brick and to compare with normal fired clay brick. 
The characteristics of sewage sludge were determined by using an X-ray Fluorescence. The 
mixing percentage used was 0%, 1%, 5%, 10%, 20% and 30%. The physical and mechanical 
properties were determined as to obtain the condition according to it mixing percentages. 
Based on physical and mechanical properties, the sewage sludge brick complies with the 
standard except for SSB30% where the compressive strength does not meet the minimum 
requirement limit of compressive strength.  However, in terms of leachability of this sewage 
sludge brick also resulted that the heavy metals leach out comply according to USEPA 
standard. The development of fired clay brick by using sewage sludge can reduce the 
dependency towards land use and will reduce the impact of the sewage sludge to the 
environment. 

1. Introduction 
Sewage sludge consists of by-products of wastewater treatment which is a mixture of water, inorganic 
and organic materials that coming from various sources such as from domestic sewage [1]. The 
amount of sewage sludge produced is steadily increasing with a population and still rising rapidly. 
About 3 million metric tons of sewage sludge are produced annually and it has been estimated to be 
increases to 7 million metric tons in the year 2020 in Malaysia. Due to the growth of urbanization, an 
increase of population and a sign of economic development has led to the production of high amounts 
of sewage sludge. In addition, the major method of disposal of sewage sludge is currently deposited 
with its storage and agricultural application which are deposited in landfill sites, lagoons or together 
with municipal waste [2]. Due to the shortage of disposal facilities, sewage sludge is often disposed in 
open fields that resulted in serious problems because of heavy metals that leached out into 
groundwater, surface water and soils [3]. According to the other studies, sewage sludge has been used 
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by incorporating it into fired clay brick in order to obtain the properties and leachability of heavy 
metals. The utilization of the sewage sludge in fired clay bricks could produce a good quality of brick. 
Therefore, recycling the wastes in the brick production appears to be a viable solution to 
environmental pollution and also economical option to design of green building [4]. 
 
2. Materials and methods 
Sewage sludge was collected from wastewater treatment plant which is located in Johor, Malaysia 
where it produced from the residential area while the clay soil was bought from the brick factory in 
order to produce fired clay brick incorporated with sewage sludge. These raw materials then dried in 
the oven for 24 hours with 105°C of temperature before crushing process. Then, X-ray Fluorescence 
(XRF) test was conducted on sewage sludge and clay soil as to obtain the chemical composition and 
concentration of heavy metals. The sample of bricks was produced in the specific size of the mold by 
mixing together of sewage sludge and clay soil by following the percentages of mixing weight of brick 
manufacturing and volume of water used. The bricks that have been formed then dried in the oven for 
24 hours with 105°C of temperature. Then, the bricks that have been dried were fired in the furnace 
with 1050°C for 24 hours. The bricks that completely fired according to the different percentages of 
sewage sludge used were tested for physical and mechanical properties such as compressive strength, 
water absorption, shrinkage, density and also the initial rate of absorption [5].  

While the leachability of heavy metals of fired clay brick was conducted by using Static Leachate 
Test (SLT) according to the different percentages of sewage sludge used. Static leachate test was 
performed as to obtained the leachability of heavy metals from sewage sludge that incorporated in 
fired clay brick according to NEN7345 method. The leachability of heavy metals were obtained 
through Inductive Coupled Plasma-Mass Spectrometer (ICP-MS). The duration of the Static Leachate 
Test was conducted were 6-hours, 1-day, 2.25-days, 4-days, 9-days, and 16-days. To ensure it is safe 
in terms of leachability, it is significant to carry out a comprehensive environmental assessment of 
new building products integrating with waste materials [6]. Heavy metals that leached from brick that 
incorporating with sewage sludge may have a potentially negative impact on human health and 
environmental quality by leaching into groundwater and surface water which could give water 
pollution issues. 

3. Results and Discussion 
3.1. Characteristic of Raw Materials 
 

 
Figure 1. Concentration of heavy metals in sewage sludge versus 
percentage of concentration by using the Standardless method. 
 

The concentration of heavy metals was obtained by X-ray Fluorescence testing using the 
Standardless method. The elements of heavy metals that found in sewage sludge are Scandium (Sc), 
Vanadium (V), Chromium (Cr), Cobalt (Co), Nickel (Ni), Copper (Cu), Zinc (Zn), Gallium (Ga), 
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Arsenic (As), Rubidium (Rb), Yttrium (Y), Zirconium (Zr), Niobium (Nb), Molybdenum (Mo), Tin 
(Sn), Cesium (Cs), Barium (Ba), Lanthanum (La), Cerium (Ce), Lead (Pb), Thorium (Th), Uranium 
(U) and Strontium (Sr). Barium (Ba), Zinc (Zn) and Copper (Cu) were recorded with the highest value 
of concentration which was 1271 ppm, 927 ppm, and 101 ppm respectively while the other elements 
were recorded with less than 100 ppm value of concentration. 

While the elements that found in clay were Scandium (Sc), Vanadium (V), Chromium (Cr), Cobalt 
(Co), Nickel (Ni), Copper (Cu), Zinc (Zn), Gallium (Ga), Arsenic (As), Rubidium (Rb), Yttrium (Y), 
Zirconium (Zr) Niobium (Nb), Molybdenum (Mo), Cesium (Cs), Barium (Ba), Lanthanum (La), 
Cerium (Ce), Lead (Pb), Thorium (Th), Uranium (U) and Strontium (Sr). The highest concentration of 
heavy metals with value more than 100 ppm were Barium (Ba), Zirconium (Zr), Zinc (Zn), Vanadium 
(V) and Cerium (Ce) which were 366 ppm, 274 ppm, 260 ppm, 161 ppm and 105 ppm respectively 
while the other elements were recorded with a value lower than 100 ppm. 
 

 
Figure 2. Concentration of heavy metals in clay versus percentage 
of concentration by using the Standardless method. 

 
3.2. Physical and Mechanical Properties 
3.2.1. Water Absorption. According to the graph, for 0% of sewage sludge that is control brick, the 
value of water absorption is 8%, followed by 1% of sewage sludge brick (SSB1%) with 10% of water 
absorption, 5% of sewage sludge brick (SSB5%) with 15% of water absorption, 10% of sewage sludge 
brick (SSB10%) with 17% of water absorption, 20% of sewage sludge brick (SSB20%) with 19% of 
water absorption and 30% of sewage sludge brick (SSB30%) with 21% of water absorption 
respectively. Based on the data recorded, it shows that the higher the amount of sewage sludge used in 
fired clay brick, more of water absorbed due to organic matter provided by sewage sludge in it. 
Furthermore, the increased of water absorption brick that incorporating with sludge affected by the 
increased formation of internal-voids due to burn-off of organic matter in the sludge [7]. Therefore, 
the sewage sludge bricks meet the load-bearing brick require according to the standard BS EN 722-
21:2011 but not as engineering brick and damp proof brick. 
3.2.2. Compressive Strength. From the results obtained, the graph showed compressive strength 
against the percentage of sewage sludge. The control brick which is containing 0% of sewage sludge 
had the highest of compressive strength with 21.6 MPa. Then the results obtained for different 
percentage of sewage sludge used showed that the value of compressive strength decreased over the 
amount of sewage sludge used. For SSB1%, the value of compressive strength decreases to 16.8 MPa 
followed by SSB5% with 12.3 MPa, SSB10% with 10.7 MPa and SSB20% with 5.8 MPa. While 
SSB30% decrease the strength to 3.1 MPa. However, the strength is still complying with a minimum 
standard BS EN 772-1:2011 of compressive strength which is 5 N/mm2 for 1%, 5%, 10% and 20% of 
sewage sludge except for 30% of sewage sludge utilization. These indicate that the incorporation of 
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sewage sludge in brick greatly affects the compressive strength value obtained [8]. The value of 
compressive strength reduced when more of sludge content used in the brick. 
 

 
Figure 3. Water absorption versus percentage of sewage 
sludge. 

 

 
Figure 4. Compressive strength versus percentage of sewage 
sludge. 

3.2.3. Density. According to the graph, the density of control bricks is 1888.51kg/m3, while the density 
of fired clay bricks incorporating with different percentage of sludge is decreased when more amount 
of sewage sludge used. Incorporation of 1% sewage sludge (SSB1%) into fired clay brick, the value of 
density decreased to 1819.35kg/m3, following by 5% of sewage sludge (SSB5%) with 1600.77kg/m3, 
10% of sewage sludge (SBB10%) with 1565.47kg/m3, 20% of sewage sludge (SSB20%) with 
1493.21kg/m3 and 30% of sewage sludge (SSB30%) with 1450.69kg/m3. Firing process is one of the 
reasons the density is decreased caused by the water loss due to high temperature applied [9]. 
Therefore, the amount of sewage sludge used in brick affecting the density of bricks which it becomes 
more porous and resulted to lightweight brick according to standard BS EN 722-13:2011. 
3.2.4. Shrinkage. Based on the graph, five different percentage of sewage sludge that conducted in this 
study which are 1%, 5%, 10%, 20% and 30% were compared with control brick which is 0% of 
sewage sludge. The value of shrinkage of control brick is 1.63% while the other five different 
percentage of sewage sludge used are increased which are the shrinkage value is 2.05%, 2.51%, 
3.18%, 4.20% and 5.50% respectively. A good quality brick will exhibit shrinkage less than 8%. 
Therefore, the amount of shrinkage occurs were influenced by the loss of water content in brick. 



5

1234567890‘’“”

Euroinvent ICIR 2018 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 374 (2018) 012096 doi:10.1088/1757-899X/374/1/012096

 

 
Figure 5. Density versus percentage of sewage sludge. 

 

 
Figure 6. Shrinkage versus percentage of sewage sludge. 

 

 
Figure 7. Initial rate of absorption versus percentage of sewage 
sludge. 

3.2.5. Initial Rate of Absorption (IRA). Based on the graph, five different percentage of sewage sludge 
that used in this study which are 1%, 5%, 10%, 20% and 30% were compared with control brick 
which is 0% of sewage sludge were conducted according to BS EN 722-11:2011 standard. The value 
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of the initial rate of absorption of control brick is 2.79 kg/m2.min while the other five different 
percentage of sewage sludge used are increased which are the shrinkage value is 3.35 kg/m2.min, 4.96 
kg/m2.min, 6.03 kg/m2.min, 10.08 kg/m2.min and 13.1 kg/m2.min respectively. In addition, the limit of 
the initial rate of absorption must less than 0.25 kg/m2.min to considered as a low suction brick. 
However, sewage sludge incorporating in fired clay brick were regarded as high suction brick since 
the value of the initial rate of absorption is more than 1.50 kg/m2.min. Furthermore, durability and 
quality of the bricks affect by the initial rate of absorption where lower value of IRA can lead to 
durable brick with higher resistance to the environment [11]. 
3.2.6. Leachability for Sewage Sludge Brick (Static Leachate Test). Based on the leachability of heavy 
metals that leaching out from bricks when immersed in leaching fluid according to the durations of 
time conducted, it shows that four types of elements that leaching out most were Zinc (Zn), Vanadium 
(V), Barium (Ba) and Arsenic (Ar) which Zinc (Zn) has recorded the highest value with 0.932 mg/L 
[10, 12].  
 

 
Figure 8. Leachability of heavy metals versus percentage of 
sewage sludge with 6-hours duration of immersed in leaching 
fluid. 

 

 

Figure 9. Leachability of heavy metals versus percentage of 
sewage sludge with 1-day duration of immersed in leaching 
fluid. 
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Figure 10. Leachability of heavy metals versus percentage of 
sewage sludge with 2.25-days duration of immersed in leaching 
fluid. 

 

 

Figure 11. Leachability of heavy metals versus percentage of 
sewage sludge with 4-days duration of immersed in leaching 
fluid. 

 

 

Figure 12. Leachability of heavy metals versus percentage of 
sewage sludge with 9-days duration of immersed in leaching 
fluid. 
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Figure 13. Leachability of heavy metals versus percentage of 
sewage sludge with 16-days duration of immersed in leaching 
fluid. 

 
While the other elements that were found leaching out together were also including Copper (Cu), 

Lead (Pb), Nickel (Ni) and Chromium (Cr) with the least amount of leachability concentration of 
heavy metals from bricks which were less than 0.050 mg/L. However, the leachability of heavy metals 
that leach out from all bricks for 6-hours, 1-day and 2.25-days, 4-days, 9-days and 16-days duration of 
immersed in leaching fluid conducted still comply with the standard where the value of concentration 
does not exceed with the value provided by US Environment Protection Agency (1997). 
 
4. Conclusions 
As a conclusion incorporating sewage sludge in fired clay brick is an alternative to dispose of sewage 
sludge. This is because the value of physical and mechanical properties that have been conducted still 
comply with the limit that provided in each standard for the testing. Even the value slightly different 
with the normal fired clay brick, the sewage sludge incorporating in fired clay brick able to reduce the 
amount to be dumped into a landfill and also can provide a good low-cost material in the production of 
fired clay brick.  Therefore, the utilization of sewage sludge incorporating in fired clay brick that 
suitable to be used as a second raw material which was 1%, 5%, 10% and 20% since the percentages 
used to comply with all the physical and mechanical properties limit. While for the 30% of sewage 
sludge used does not meet the requirement of the standard because the value obtained was less than 5 
N/mm2. Apart from that, leachability of heavy metals from sewage sludge incorporating in fired clay 
brick compared to normal fired clay brick also shown that it has slightly different value. Furthermore, 
the value obtained according to all duration of bricks immersed in leaching fluid shows that the value 
does not exceed the value provided in USEPA standard for each of the elements of heavy metals 
found. However, heavy metals that leaching out from sewage sludge incorporating in fired clay brick 
are not harmful to the environment and also to human health. 
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