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Abstract
Population growth and development have increased the need for drinking water all over the world. Hence,
it is required to �nd an alternative to water in different industries. Concrete represents a remarkable water-
consuming industry. The present study investigates whether the treated leachate of municipal land�lls
can be employed as a substitute for water in the concrete mixing scheme. For this purpose, concrete
samples fabricated at different concentrations of treated leachates were compared to the control sample
containing distilled water in terms of uncon�ned compressive strength (UCS) at the ages of 7 and 28
days. The experimental results revealed treated leachate accelerated the cement setting time by nearly 15
min and increased concrete slumping by 16%. The complete replacement of distilled water with treated
leachate decreased UCS by 25% (from 50 to 38 MPa). The scanning electron microscope (SEM) and
ultrasonic results showed that a rise in the treated leachate content of concrete increased porosity.
Increased porosity would reduce UCS. The presence of heavy metals and leaching from the cement
matrix are important characteristics of leachates. The toxicity characteristic leaching procedure (TCLP)
revealed that the leaching of heavy metals in all the samples was in the acceptable range.

1. Introduction
The land�lling of municipal solid waste (MSW) has been greatly interesting in light of its easy process
and affordability. However, as it contains heavy metals and dangerous organic and inorganic
compounds, the leachates of land�lls are considered as a serious threat to the environment (Xu et al.
2018). The per capita waste production rate of Iran is nearly 700 g/day. It equals 52,000 tons of domestic
waste every day. Such waste has a high content of biodegradable organic matter (60–70%), with
remarkable leachate quantities. This results in huge leachate lakes in land�lls (Mokhtarani et al. 2014).
Leachates arise from three main sources: 1) water content in the organic waste changing into leachate
over time, 2) biochemistry reactions in land�lls, and 3) rainfall and runoff events (Renou et al. 2008). The
leachate of a land�ll is increased by factors such as rainfall and surface runoff as they can penetrate and
contaminate groundwater resources (Sruthi et al. 2018). Concrete is the second most-consumed material
in the world (Luhar et al. 2019). It consists 7–15% of cement, nearly 14–21% of water, and 60–75% of
aggregates (Shekarchi et al. 2012). Nearly 3.8 billion cubic meters of concrete are constructed annually
all over the world. To fabricate one cubic meter of concrete, 150 liters of water is required (Meena and
Luhar 2018). Concrete fabrication requires an average freshwater quantity of 570 billion liters every year.
Increased water demand due to population growth and industrialization has led to increased water
consumption. Therefore, more wastewater is produced, the disposal of which could endanger both local
residents and the environment. Thus, the use of raw and treated wastewater for concrete fabrication
could reduce the demand for freshwater and mitigate threats to human health, signi�cantly contributing
to environmental protection (Noruzman et al. 2012). The water used in concrete should be free of oils,
acids, organic materials, and alkalinity (Reddy-Babu et al. 2018). In most parts of the world, freshwater is
used for concrete fabrication. As global warming and drought are increasing in many countries, it is
becoming an international challenge to identify a suitable substitute for freshwater in construction.



Page 3/18

Therefore, many studies have sought to �nd a solution to employ raw or treated municipal and industrial
wastewater. Cebci and Saatci (1989) used treated wastewater in concrete production, reporting that
treated wastewater had no signi�cant effect on compressive strength and the setting time compared to
the distilled water-fabricated samples. El-Nayway and Ahmad (1991) diluted treated municipal
wastewater by water and used different diluents in concrete production. For a mixture of 20% treated
wastewater and 80% freshwater, 90% of the compressive strength of the control sample was retained. Ooi
et al. (2001) studied the possibility of using treated wastewater in concrete. Treated wastewater was
found to increase the compressive strength at the ages of 7, 28, and 90 days as compared to freshwater.
Su et al. (2002) investigated the impacts of underground water and wastewater produced from washing
in a concrete factory, comparing the results to freshwater in terms of compressive strength and the
setting time. The use of underground water had no effect on the cement setting time, while the use of
washing wastewater from mixer washout concrete decreased the setting time as compared to the control
sample and increased the compressive strength as compared to the sample fabricated with underground
water. Terro and Al-Ghusian (2003) employed primary, secondary, and advanced treated wastewater in
concrete production with a curing age of 21 days for up to 1.5 years. They found that the quality of
wastewater in concrete affected compressive strength for up to 1.5 years of processing and decreased
the strength of the samples. However, the compressive strength results and sample slumps of advanced
treated wastewater were much closer to those of the distilled water-fabricated samples and were
concluded to be a good alternative. Saricimen et al. (2014) used treated wastewater as a substitute for
drinking water in concrete. They reported that the use of treated wastewater reduced the setting time and
increased the 90-day compressive strength. Ismail and Al-Hashemi (2011) investigated the usability of
industrial polyvinyl acetate resin wastewater as a substitute for freshwater. It resulted in a substantial
decrease in the slump rate of concrete, with no signi�cant change in compressive and bending strengths.
Silva and Naik (2010) examined the impacts of using municipal treated wastewater on concrete
production. They concluded that municipal treated wastewater had no signi�cant effect on compressive
strength. Al-Jabri et al. (2011) analyzed the effects of using wastewater from a carwash station on the
mechanical properties of high-strength concrete. They found that wastewater had a small effect on the
28-day compressive strength of concrete. Norazman et al. (2012) examined the leaches of industrial
re�ned wastewater from heavy industries and an oil palm factory on concrete. They reported that
domestic wastewater and oil palm factory wastewater reduced the setting time, while re�ned wastewater
from heavy industries increased the setting time. The compressive strength of the treated wastewater-
fabricated concrete samples was higher than that of the control sample. The other wastewater types had
the opposite effect. Shekarchi et al. (2012) concluded that the use of domestic treated wastewater had no
signi�cant effect on the slump of concrete samples. The impact of treated wastewater on concrete was
much more signi�cant at the ages of 3, 7, and 28 days than at longer curing ages. Also, the advanced
treated wastewater-fabricated samples had higher compressive strength than the primary and secondary
wastewater and freshwater-fabricated samples. Mahasneh (2014) compared the strength of treated and
raw wastewater-containing concrete samples to that of freshwater-fabricated samples. The chemical
properties of treated wastewater were similar to those of freshwater, while the chemical properties of the
raw wastewater differed from those of freshwater. As a result, the compressive strength of the samples
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fabricated with raw wastewater experienced a larger reduction than the treated wastewater-fabricated
samples. Nikhil et al. (2014) used groundwater and wastewater to produce concrete and reported that the
use of drinking water to replace groundwater led to 30% and 13% reduction in the 28-day compressive
strength compared to the control sample. Mostafa and Peters (2017) investigated the effects of
wastewater from the paint industries on the mechanical properties of cement tiles and bricks. The use of
wastewater had no negative impact on the mechanical properties of tiles and bricks. They also used the
TCLP method to evaluate heavy metal leachate from cement tiles and bricks. The extracted heavy metals
were lower than the EPA allowable quantities in the TCLP method, and no environmental impacts due to
heavy metal leachate were demonstrated. Zhan and Poon (2015) utilized treated wastewater sludge from
textile industries in concrete production. The presence of organic materials delayed cement setting, and
compressive strength decreased as sludge increased. Through the TCLP method, it was found that
wastewater heavy metals were stabilized and solidi�ed by the use of the wastewater in the concrete, and
they would impose environmental impacts. Asadollahfardi et al. (2016) studied the use of non-
chlorinated treated domestic wastewater for the production and curing of concrete. They reported that
wastewater made no signi�cant difference in the slump compared to drinking water. The use of
wastewater increased the setting time, and it had a smaller negative impact at longer curing ages. The
compressive strength of the wastewater fabricated-samples made showed no signi�cant difference from
that of the control sample at high curing ages. The SEM images revealed that the porosity of the
wastewater-fabricated samples was higher than that of drinking water-fabricated samples. Ghrair et al.
(2018) explored the effects of grey water on the physical and mechanical properties of mortars and
concrete mix in Jordan. The use of gray water reduced the slump as compared to the distilled water-
fabricated sample. Also, the 7-day compressive strength of these samples was lower than that of the
distilled water-fabricated samples. However, the 28- and 120-day compressive strength showed no
signi�cant difference. Manunatha and Dhunra (2017) fabricated concrete samples using treated
wastewater. The compressive strength of the samples exhibited a 12% increase at the age of 7 days as
compared to the control sample. At the curing ages of 14 and 28 days, the compressive strength of the
drinking water-fabricated samples increased by 2%. The SEM images of treated wastewater-fabricated
samples showed no difference from the drinking water-fabricated samples. Meena and Luhar (2019)
used advanced and secondary treated wastewater and freshwater to produce concrete. The use of
secondary wastewater in place of drinking water reduced the slump by 50% as compared to the control
sample. The complete replacement of freshwater with advanced treated wastewater and sample curing
within freshwater reduced the compressive strength of the samples at different curing ages by 85–94%
as compared to the control sample. Saxena and Tembhurkar (2019) exploited freshwater and natural
basalt as coarse grains in the mixing scheme and replaced freshwater with treated wastewater. This
reduced the slump of the samples by 10% as compared to the freshwater-fabricated samples. Also,
treated wastewater diminished compressive strength by 3–4% at the ages of 7, 28, 56, and 90 days. The
ultrasonic pulse velocity test showed that the use of treated wastewater reduced the pulse velocity by 4–
5% as compared to the control sample. The SEM images suggested that the treated wastewater induced
pores within the concrete. This can be attributed to the presence of organic materials and solids in
wastewater.
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The present study uses MSW treated leachate to replace distilled water in concrete production in order to
analyze the effects of the leachate on the mechanical properties of concrete and realize whether leachate
could be employed in concrete production to save water.

2. Materials And Methods
To fabricate concrete samples, the present study used treated leachate from the Kahrizak, the central
land�ll in Tehran Province, Iran. Biological leachate treatment methods are common, economical, and
highly effective methods for eliminating degradable organic materials (Sruthi et al. 2018). At the Kahrizak
Treatment Plant, young leachates enter the anaerobic lagoon, where chemicals such as sodium
bicarbonates, urea, and hydrogen disodium phosphate are injected into the raw leachate. After the
completion of biological �ltration, lime is injected as the pH stabilizer into the leachate. Then, chloroform
is injected into the leachate as a coagulant and segregates the leachate clots. Chloroform enters the
sedimentation pond. In the sedimentation stage, the leachate is separated from the sludge and directed
to the aerobic tank to be re�ned over the detention time. The air within the aeration tank is injected
through diffusers. After aeration, the leachate enters the membrane bioreactor (MBR) �ltration system to
be �nalized through the available membranes. Eventually, chlorination is carried out to disinfect the
treated leachate and maintain it in predetermined tanks.
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In the present research, seventy-two150×150×150-mm cubic samples were fabricated by a mixing
scheme design at a water-cement ratio of 0.5 and using 400 kg of type 2 Portland cement per cubic
meter, as reported in Table 1. To demonstrate the impacts of the treated leachate on concrete, different
concentrations of treated leachate were used to replace distilled water, as shown in Table 2, For a better
comparison of the treated leachate-fabricated samples, a control sample was built using distilled water.

It is worth mentioning that other conditions and materials were considered to be the same for all the
samples. The cubic samples fabricated according to the ASTM-C192 Standard (2004) were poured into
three equal layers; each layer was compressed before pouring into the subsequent layer. The molded
samples were kept at ambient temperature for 24 hours and at a humidity of 65% using a wet sack. Then,
the samples were kept separately for 7 and 28 days of curing. Table 1 describes type 2 Portland cement
(ASTM-C150 2004). The characteristics of type 2 Portland cement include medium resistance to sulfate
attacks and moderate hydration heat. This type of cement is widely used in construction in Iran. Table 3
reports the properties of the treated leachate used to replace distilled water at various concentrations.
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Aggregates were obtained from a sand mining site in Alborz Province, Iran. According to the ASTM-C136
Standard 2004, a gravel diameter of 4.75-19.00 mm was used to fabricate coarse-grained concrete. Sand
with a diameter of 0-4.75 mm and a �neness modulus of 2.48 was employed based on the ASTM C-33
Standard 2004. The slump test was performed based on the ASTM-C143 Standard 2004.

To investigate the effects of the treated leachate on the setting of cement, the initial cement setting test
was performed by the ASTM-C191 Standard 2004. Three UCS measurements were measured based on
the BSI 1881-108 Standard at the ages of 7 and 28 days. Also, the ultrasonic test was performed based
on the ASTM-C597 Standard 2016. The ultrasonic energy reduces through air-induced pores. To prevent
ultrasonic energy reduction, a gel-like material should be used between the device probes and concrete
surface. In addition, this test works best on a smooth surface without concrete pores (Kaur et al. 2019). In
the ultrasonic test, a high ultrasonic wave velocity represents high concrete quality, while a low ultrasonic
wave velocity implies low concrete quality. The ultrasonic pulse velocity results were compared to those
of the SEM test performed using a TESCAN VEGA3 electron microscope at magni�cations of 200 and 10
µm according to the ASTM-C1723-10 Standard 2010.

Leachates contain heavy metals and may lead to the leaching of such substances. The introduction of
contaminants and toxins into homes is a concern regarding the use of waste and wastewater in
construction (Cusidó and Cremades 2012). There are many leachate evaluation methods, such as TCLP
and ASTM-D3987, for the leachate of toxic materials. These two methods are the most common
techniques (Ma and Garbers-Craig 2009). Karamalidis and Voudrias (2007) employed cement to stabilize
and solidify sludge from an oil re�nery. They used the TCLP test to investigate the leaching behavior of
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alkanes and PAHs; however, citric acid was used in place of distilled water (according to the TCLP
method) since sludge from re�neries is admitted in hazardous waste land�ll centers that differ from
typical land�lls. Acid was used as the extraction liquid in the TCLP method to represent land�ll
conditions. Distilled water was used to investigate heavy metal leakage since the present study
fabricated samples using treated leachate, and the fabricated concrete would be exposed to water rather
than acidic media and disposed of urban land�ll centers. The ASTM-D3987 Standard 1995 uses distilled
water as the extraction liquid in leakage testing. A solid sample-extracted solution ratio of 1:20 was
applied. The heavy metal leakage evaluation of the concrete sample containing 100% treated leachate
was carried out. 20 g of the fabricated concrete were subjected to a 10-mm sieve and then blended with
100 ml of distilled water at a speed of 30±2 rpm for 18±2 hours to investigate the leakage of heavy metal
(Environmental Protection Agency, 2004). An inductive coupled plasma mass spectrometer (ICP-MS) was
employed to derive heavy metals from the extraction liquid. The extracted �uid contained sodium
hydroxide and glacial acetic acid. This was the difference from the ASTM-D3987 method. Chang et al.
(2001) and Dungan and Dees (2009) compared different leaching methods, including TCLP and ASTM-
D3987, concluding that the concentrations of some heavy metals in the TCLP leaching test of TCLP were
higher than those in the ASTM-D3987 test due to the use of acids rather than distilled water in TCLP and
the effect of TCLP on the heavy metal concentration. Furthermore, the x-ray �uorescence (XRF) test was
carried out to evaluate the chemical composition of the treated leachate-fabricated concrete and compare
it to the distilled water-fabricated sample according to the ASTM-E1621-13 Standard.

3. Results And Discussion
Fig.1 compares the initial cement setting time between distilled water- and treated leachate-fabricated
samples. As can be seen, treated leachate shortened the setting time by nearly 15 min – the initial
leachate time was found to be 48 min. According to ASTM-C191 2004, if the setting time changes from 1
hour earlier to 1.5 hours later, the corresponding mixing water is acceptable. Since the difference in the
setting time between the treated leachate and distilled water is within the range, the mixing water is
acceptable. The cement setting time is dependent on water quality. These results are in agreement with
Su et al. (2002), Saricimen et al. (2014), and Noruzman et al. (2012). The rate of the cement hydration
reaction in the mixing process is strongly dependent on the ions and the physical and chemical properties
of water. This would change the setting time as compared to the solid sample (Saricimen et al. 2014).

Slump is an important characteristic of concrete as it represents the usability of concrete and serves as a
measure to estimate concrete strength. A block of concrete with a proper slump is easily molded and
compacted. The slump test helps evaluate the quality of concrete; excessively small or large slumps
would be negative characteristics of concrete. The replacement of distilled water with treated leachate did
not remarkably affect the slumps of the samples. The complete replacement of distilled water with
treated leachate increased the sample slump by 10 mm.

Earlier works reported that the use of raw and treated wastewater in concrete decreased the slumps
probably due to the physical and chemical properties of wastewater (Ismail and Al-Hashemi 2011; Meena
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and Luhar 2019). However, Asadollahfardi et al. (2016) found that the use of e�uent before chlorination
did not affect the slump and induced a difference of nearly 5 mm from the control sample. BS 8500-1
2006 divides slumps into �ve groups based on their e�ciency. According to the results, the slumps of the
samples fall into group S2 and suit reinforced concrete beams and columns.

The ultrasonic pulse velocity test is a non-destructive test to measure homogeneity and strength in
concrete. It allows for qualitatively evaluating concrete strength. A higher ultrasonic pulse velocity
represents a larger elasticity modulus, density, and strength. Fig. 3 plots the ultrasonic pulse velocity
versus the treated leachate concentration at the age of 28 days. The use of up to 10% treated leachate in
concrete did not affect the ultrasonic pulse velocity; thus, it can be said that 10% treated leachate would
not affect compressive strength; however, a further increase in the treated leachate concentration reduced
the ultrasonic pulse velocity at a higher rate. The complete replacement of distilled water with treated
leachate resulted in a 6.5% decrease in the ultrasonic pulse velocity as compared to the control sample
(i.e.,100% distilled water). Saxena and Tembhurkar (2019) observed that the replacement of distilled
water with treated wastewater resulted in a decrease in the ultrasonic pulse velocity.

The mechanical behavior and compressive strength of concrete are dependent on its structure, cement
paste, aggregates, and component ratio. According to Fig.2, as with treated wastewater, the treated
leachate reduced compressive strength. Noruzman et al. (2012), Terro and Al-Ghusian (2003), Saricimen
et al. (2014), Meena and Luhar (2019), Saxena and Tembhurkar (2019) reported reduced compressive
strength as compared to the control sample, depending on the quality of wastewater. According to Fig. 2,
a rise in the treated leachate decreased compressive strength. This is supportive of reduced ultrasonic
pulse velocity due to increased treated leachate. The use of up to 10% treated leachate had no signi�cant
effect on compressive strength at the ages of 7 and 28 days, while the complete replacement of distilled
water with the treated leachate (i.e., 100%) decreased compressive strength at the ages of 7 and 28 days
by 17% and 25% relative to the control sample, respectively. The compressive strength of the samples is
dependent on the physical and chemical properties of water. Increased biochemical oxygen demand
(BOD) and chemical oxygen demand (COD) reduced compressive strength (Asadollahfardi et al. 2016).
The treated leachate reduced the compressive strength of the samples. A rise in the leachate
concentration changed compressive strength at a larger rate. A coe�cient f can be de�ned for the
compressive strength of the treated leachate-fabricated samples as:

where  is the compressive strength of the treated leachate-fabricated sample at the age of 28 days, while
 is the compressive strength of the control sample at the age of 28 days. Also, the coe�cient v could be
de�ned for the ultrasonic pulse velocity as:



Page 10/18

where v´ denotes the ultrasonic pulse velocity of the treated leachate-fabricated sample at the age of 28
days, while  represents the ultrasonic pulse velocity of the control sample at the age of 28 days. As
mentioned, increased treated leachate concentration in concrete would raise f and v (Fig.3). At the treated
leachate content of 100%, f and v increased by 24.5% and 6.5%, respectively. The increase differences of
the two coe�cients can be explained by the fact that the ultrasonic pulse velocity has a wider range (i.e.,
4510-4826) than compressive strength (38.46-50.98 MPa). However, the two coe�cients have very
similar variation trends, and the compressive strength of the concrete samples can be accurately
estimated by the ultrasonic pulse velocity test. In other words, it is possible to predict compressive
strength without performing compressive strength tests.

Fig.4 depicts the SEM results of the treated leachate-fabricated samples. SEM is used to examine the
microstructure of concrete and could be a good measure to evaluate the physical and mechanical
properties of concrete. Consistent with treated wastewater (Asadollahfardi et al. 2016; Saxena and
Tembhurkar 2019), the treated leachate induced pores in concrete; pores increased as the leachate
concentration increased. This is in line with the ultrasonic pulse velocity results, in the sense that a rise in
the leachate content increased pores in the concrete, raising the pulse velocity and diminishing
compressive strength. SEM images with a magni�cation of 10 ηm were used to investigate cracks in the
concrete. At low leachate concentrations, no cracks were observed, as with the distilled water-fabricated
sample. However, a rise in the treated leachate concentration led to cracks (the red area in Fig.4). The
complete replacement of distilled water with the treated leachate dramatically raised the number of
cracks.

Table 4 compares the compositions of the samples at the age of 28 days. As can be seen, the treated
leachate increased MgO, SO3 and CaO relative to the control sample.
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Heavy metal leakage was investigated at the age of 28 days and the highest leachate concentration
(i.e.,100% leachate and 0% water) by the modi�ed TCLP method according to ASTM-D3987. The results
showed that the concentration of heavy metals did not exceed the allowable limits; the quantities of
heavy metals were extremely lower than the limits. The leakage rates of As, Cd, Ag, Cr, Pb, Se, and Hg
were nearly 0%, and the leakage rate of Ba was 0.532 mg/l, which is signi�cantly smaller than the
permissible limit. Mostafa and Peters (2016) and Zhan and Peon (2015) reported that the leakage of all
heavy metals was lower than the permissible limit.

4. Conclusion
Population growth and industrialization have led to an increase in waste per capita and leachate all
around the world. The reduction of water per capita in the world motivated the development of a solution
to compensate for the reduced water per capita in the construction industry. The present study utilized
different concentrations of treated leachate as an alternative to water in concrete production. The treated
leachate shortened the initial cement setting time; however, it can be said that the results are consistent
with the ASTM-C191 and BSI 3148 Standards. The use of treated leachate increased the concrete slump.
The concrete slump at 100% treated leachate concentration was 16% higher than that at 100% distilled
water concentration. Organic materials decreased compressive strength (Ghrair et al. 2018); a rise in the
treated leachate content reduced the compressive strength of the concrete. The complete replacement of
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distilled water with the treated leachate decreased compressive strength by 25% as compared to the
control sample. The SEM results were found to be consistent with the ultrasonic pulse velocity test
results. The SEM images depicting cracks showed reduced ultrasonic wave velocity, implying reduced
compressive strength. An increase in the treated leachate content increased cracks and diminished the
ultrasonic wave velocity. According to the ASTM-C94 and BS 3184 Standards, the mixing water that
allows for 90% of the compressive strength of the control sample would be acceptable. The leachate
concentration of up to 20% led to 90% of the compressive strength of the control sample. Treated
leachate-fabricated concrete can be used in light-load applications, such as street curbs and �oors.
According to the BS6717 Standard, concrete �oors are divided into four groups based on the bearing
capacity, including medium tra�c �oorings with a compressive strength of 40 Mpa, a treated leachate
concentration of up to 80%, and higher than 80% leachate concentration for light-load applications with a
compressive strength of 30 MPa. Leachate-fabricated concrete meets the requirements of sidewalk
�oorings even at 100% leachate concentration and could be a perfect alternative to water.
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Figures

Figure 1

Results of the slump test for samples made with different percentages of treated leachate
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Figure 2

Results of the ultrasonic test and USC test of the samples made with different percentages of treated
leachate

Figure 3

The increasing process of the coe�cient f by increasing the leachate percentage



Page 18/18

Figure 4

Increasing process of porosity and crack in concrete by increasing the percentage of treated leachate at
200 and 10 µm magni�cation


