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Abstract. The rapid growth of the car wash industry today results in the need for wastewater reclamation. Thus, this 
paper aims to investigate the effect of using car wash wastewater on concrete properties in terms of mechanical 
properties. The basic characteristics of wastewater were investigated according to USEPA (Method 150.1 & 3 00.0) 
while the mechanical properties of concrete with car wash wastewater were compared according to ASTM C1602 and 
BS EN 1008 standards. In this research, the compressive strength, modulus of elasticity and tensile strength were 
studied. The percentages of wastewater replaced in the concrete mix ranged from 0% up to 40%. In addition, the 
results also suggest that the concrete with 20% car wash wastewater achieved the highest compressive strength and 
modulus of elasticity compared to other compositions of wastewater. Moreover, the results also recommended that 
concrete mixed with car wash wastewater has better compressive strength compared to conventional concrete. 

1 Introduction  
Malaysia is located in South East Asia with a population 
of approximately 31 million people. This nation receives 
an average annual rainfall of 3000 mm. It means that 
there should not be any problems related to water 
shortage or scarcity [1-4]. Unfortunately, the water 
situation in Malaysia has changed from one of relative 
abundance to one of scarcity [5-6]. This is because of 
rapid population growth, urbanization, industrialization 
and the expansion of irrigated agriculture.  
 Generally, car wash stations are common in 
Malaysia. Therefore, car wash wastewater can be easily 
collected. Wastewater is normally generated by the 
process of washing private or public vehicles [3][4]. 
However, not much attention is being paid on reusing 
wastewater from the car wash industry. This may be due 
to the limited number of articles and journals 
emphasizing on the applications of reused car wash 
wastewater [5-13]. 
 On the other hand, the lack of knowledge regarding 
the car wash wastewater management may be due to 
individual opinion. People may think that car wash 
wastewater is not as critically contaminated as other types 
of industrial wastewater [3]. Based on the evaluation of 
car wash effluent quality in Malaysia, the content of 
chemical oxygen demand (COD) in wastewater is above 
the tolerance limit specified by Malaysia standard A 
[3][11][14]. Table 1 shows the comparison between the 
typical characteristics of car wash effluent in Malaysia 
and the tolerance limit set by Malaysia standard A. 
According to the latest statistics of the car industry in 
Malaysia, the total vehicle sales in 2015 between January 
to September is 485,388 units and is predicted to hit 

another new record of a total of 670,000 units at the end 
of 2015 compared to 655,793 units and 666,465 units in 
2013 and 2014 respectively [15-19]. The growth of land 
transports together with the current number of cars would 
definitely lead to increasing demand for car wash services 
especially in highly populated housing areas located in 
towns [3]. 
 Besides that, car wash stations which consume 
larger capacities of fresh water on a daily basis could 
benefit from recycling programs [8]. According to 
Karakulski & Morawski (2003) and Panizza&Cerisola 
(2010), an average of 150 to 600 litres of car wash 
wastewater is produced from every car wash. 
Consequently, it is estimated that 2.5 million gallons of 
fresh water are consumed daily at car wash stations [7]. 
 Apart from that, car wash wastewater can be 
harmful to humans and the environment if released 
untreated to surface water-bodies because it may contain 
many pollutants such as detergents that can be poisonous 
to fish, oil, grease, sand, dust, chemicals and solvent-
based solutions, heavy metals and organic matter 
[8][13][14][20].Subsequently, the Environmental 
Pollution Agency raised public awareness on the 
impurities found in car wash wastewater such as heavy 
metals, polycyclic aromatic hydrocarbons (PAH) and 
volatile organic compounds (VOC) [17][20-23]. 
Considering the gigantic amounts of effluent generated 
and its complex characteristics, reusing car wash 
wastewater is not only a process to manage 
environmental problems but is also a way to recover a 
significant amount of wastewater directly discharged into 
rivers and oceans [24-29]. Therefore, reusing car wash 
wastewater in concrete mixes aims to create a sustainable 
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solution in this industry towards green technology in 
construction. 

Al-Jabri, et al (2011) from Oman used car wash 
wastewater to manufacture concrete. Wastewater 
characteristics including pH value, chloride, alkalinity 
and sulphate content in wastewater were determined. The 
results indicated that the characteristics of wastewater 
were within the ASTM standard limits. The mechanical 
test of concrete included compressive strength, tensile 
strength and a flexural test on day 28 [30-32]. In addition, 
the percentages of car wash wastewater in the concrete 
mix ranged from 25% to 100% [33]. The experimental 
results suggested that the strength of concrete containing 
car wash wastewater was comparable with the control 
mix [29]. Therefore, this research will mainly focus on 
characterization of car wash wastewater and the effect of 
wastewater on concrete properties. The presence of 
chloride and sulphate in car wash wastewater were 
analysed and compared with the ASTM standards [33].
The tests for concrete properties which included 
compressive strength, tensile strength and modulus of 
elasticity were performed according to the ASTM 
standards [34-37].

2 Materials and Experimental Work  
In this research, the replacement percentages of car wash 
wastewater in concrete mixes were at 10%, 20%, 30%, 
and 40% of tap water. The water cement ratio w/c is 0.45 
and all the concrete specimens were designed to have a 
target mean strength of 35 MPa according to the DOE 
method [30]. 30 concrete specimens measured 150 x 150 
X 150 mm while 45 measured 300 mm x 150mm in 
diameter. The tests related to this research are 
compressive strength, tensile strength and modulus of 
elasticity (MOE). 

2.1 Materials 

2.1.1 Water 

Car wash wastewater was collected from two different 
car wash stations in Batu Pahat, Johor, Malaysia which 
are MAHAJU (MJ) car wash enterprise and Bandar U car 
wash station. Before the wastewater was collected, the 
washout water from vehicles was discharged into a pond 
through a drainage system. The chemical properties of 
car wash wastewater were analysed according to USEPA 
standard method and compared with the standard 
specifications [22][38-40].  

2.1.2 Cement 

A local Ordinary Portland cement type CEM 1 42.5N was 
used in this research and it complied with the 
requirements of MS EN 197-1[32]. The physical and 
chemical properties of cement shown in Table 1 and 
Table 2 respectively. 
 
 

 
 

Table 1. Physical properties of cement 
 

Property OPC 
Specific gravity 3.15 
Passing grain size 78 % 
Median grain size 18 μm 
Blaine specific surface 300 m2/kg 
Initial setting time 145 Min 
Final setting time 270 Min 

 
Table 2. Chemical properties of cement 

 
Component % 

Silicon dioxide, SiO2 21.2 
Aluminium oxide, Al2O3 5.5 
Iron oxide, Fe2O3 3.1 
Calcium oxide, CaO 63.7 
Magnesium oxide, MgO 1.5 
Sodium oxide, Na2O 0.18 
Potassium oxide, K2O 0.71 
Sulfur trioxide, SO3 2.63 
Loss on ignition 0.96 

 
 
 

2.1.3 Aggregates 

Fine and coarse aggregates according to the ASTM C33 
requirements [33], ASTM C33 and BS 882 standards 
were used to control the aggregates sizes using a sieve 
analysis [34-36].

2.2 Mix Proportion of Concrete 

All concrete specimens were designed to have a target 
mean strength of 35MPa according to the Department of 
Environment (DOE) method [30]. Table 3 shows the mix 
proportions of concrete. 
 

Table 3. Mix proportion of concrete 

 
 
*F.A (Fine Aggregate); C.A (Coarse Aggregate); CW 
(Car Wash Wastewater) 
 
 
 
 

Mix 
% 

Cement 
(kg/m3) 

Tap 
Water 
(kg/m3) 

CW 
(kg/m3) 

F. A 
(kg/m3) 

C.A 
(kg/m3) 

CM 0 414 180 0 535 1245 
CW10 414 162 18 535 1245 
CW20 414 144 36 535 1245 
CW30 414 126 54 535 1245 
CW40 414 108 72 535 1245 
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2.3 Experimental Work 

2.3.1 Wastewater Analysis 

The car wash wastewater pH value was measured using 
Hanna HI 8424 digital pH meter. The sulphate and 
chloride content in car wash wastewater were analysed 
according to the United States Environmental Protection 
Agency USEPA method 300.0.  

2.3.2 Concrete Testing 

The manufacturing and curing process of concrete were 
according to ASTM standards. The concrete slump tests 
were performed according to ASTM C 143.The 
compressive strength and tensile strength of concrete 
were evaluated in accordance with ASTM C39 and 
ASTM C496 respectively and modulus of elasticity 
(MOE) of concrete was tested according to ASTM 
C469[31-36]. 

3 Result and Discussion  
3.1 Car Wash Wastewater Characterization 
 
Table 4 and Table 5 show the results of car wash 
wastewater characterization and tolerance limit of water 
mixed in concrete respectively. 
 
 

Table 4. Wastewater characteristics 
 
Parameters/ 

Sources 
 

Parameters 
pH Chloride Cl-

, ppm 
Sulphate 

SO4
2-, ppm 

Car Wash Wastewater 
MAHAJU 
Car Wash 

Station 

8.8 – 9.5 19.4 – 33.0 12.6 – 
115.5 

Bandar U 
Car Wash 

Station 

9.5 – 10.6 18.2 – 25.4 16.1 – 
100.4 

Tap Water 
Tap Water 7.6 – 8.1 19.4 – 19.7 13.3 – 13.4 

 
 

Table 5. Tolerance limit of wastewater in concrete 
 

Standards Tolerance limit, ppm 
Chloride 
Cl-, ppm 

Sulphate 
SO4

2-, ppm 
pH 

ASTM C1602 <500 <3000 - 
ASTM C685 <500 <3000 - 
BS EN 1008 <500 <2000 >4 

BS 3148 <500 <1000 - 
Previous Researchers 

[3][6][7][8][1
4][15][19][31] 

9 – 74.2 21.3 – 188.0 6.5 – 8.75 

 
 Referring to Table 4 and Table 5, the car wash 
wastewater characteristics were completely in line with 
the standards as well as the typical values suggested by 
previous researchers except the pH value for car wash 
wastewater. Even though this research obtained higher 
pH values compared to previous studies, the range of pH 
value is still in the range of typical car wash wastewater 
according to the Standard A-1978 which varies from 6.0 
to 9.0. In addition, the higher pH value in car wash 
wastewater may be due to chemicals used in pre-soak 
stages during the car wash process as supported by 
previous studies by Zaneti et al., (2011) [37]. 
Furthermore, BS EN 1008, (2002) mentioned that the 
typical pH value of water for mixing concrete should be 
at least higher than four (>4). Therefore, car wash 
wastewater can potentially be used in concrete mixes due 
to its reasonable characteristics. 
 
3.2 Properties of Fresh Concrete 

In this study, the concrete slump test was conducted 
according to ASTM C143 and the results were listed in 
Table 6. 
 
 

Table 6. Slump Test 
 

Wastewater Type Slump Value 
(mm) 

Control Mix, CM 32 
Car Wash Wastewater, CW 10% 42 
Car Wash Wastewater, CW 20% 38 
Car Wash Wastewater, CW 30% 43 
Car Wash Wastewater, CW 40% 45 

 
 As presented in Table 6, the slump values for car 
wash wastewater were comparable to the control mix. As 
mentioned in sub topic 2, the target mean slump value 
varied from 30 mm to 60 mm. This proved that the slump 
values of concrete with car wash wastewater were in the 
designated range. In addition, the results revealed that the 
slump value corresponds with the percentage of car wash 
wastewater in concrete. 
 
3.3 Mechanical Properties of Concrete 

3.3.1 Compressive Strength 

Table 7 show the comparison between car wash 
wastewater mix and control mix in terms of compressive 
strength. 
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3.2.1 Slump Test 



Table 7. Compressive strength of car wash waste water mix 
 

Concrete 
Type 

Strength 
on 7 Days 

(MPa) 

Strength 
on 28 Days 

(MPa) 

ASTM C1602 
Minimum 

Wastewater 
Concrete At 7 
days (>90%) 

of Control 
Strength 

CM 44.14 50.01 100.00% 
CW 10% 39.14 47.98 88.67% 
CW 20% 44.74 52.70 101.36% 
CW 30% 46.11 51.17 104.46% 
CW 40% 41.73 49.19 94.54% 

 
 
 According to Table 7, the compressive strength of car 
wash wastewater concrete was in the range of 88% to 
104% of normal concrete. This range was beyond the 
minimum limit of 90% specified in ASTM C1602 except 
for 10% car wash wastewater replacement. However, at 
28 days all the specimens of concrete mix with car wash 
wastewater were not only above the limits of the 
standard, but also indicated a slight improvement 
especially for concrete with 20% and 30% car wash 
wastewater. This may be due to the fine solid particles 
present in the car wash wastewater which filled the pores 
or voids between fine aggregates and coarse aggregates. 
This may improve the strength of concrete but it would 
depend on suitable replacement percentages of car wash 
wastewater in concrete mixes [31][41-42]. 
 In addition, the presence of chloride in car wash 
wastewater should be taken into account because the 
concentration of chloride in car wash wastewater is 
higher than normal concrete. This concentration may lead 
to corrosion on the steel reinforcement which could 
damage the bonding between rebars and concrete [40-45]. 

3.3.2 Tensile Strength 

Table 8 and Figure 1 demonstrated the comparison of 
tensile strength between car wash wastewater mix and 
control mix. 
 

Table 8. Tensile strength of car wash wastewater mix 
 

Concrete Type 7 Days Strength 
(MPa) 

28 Days 
Strength 
(MPa) 

CM 2.74 2.90 
CW 10% 2.16 2.96 
CW 20% 2.30 3.13 
CW 30% 2.83 3.17 
CW 40% 2.77 3.00 

 
 Referring to Table 8, all the results of the tensile 
strength of car wash wastewater were above the mean 
tensile strength value specified by BS EN 1992 [34]. The 
range of tensile strength was between 2.96 MPa to 3.17 
MPa compared to the standard value of 2.8 MPa. These 
results concluded that the replacement of car wash 

wastewater in concrete mixes met the specifications from 
BS EN 1992. The presence of fine particles in wastewater 
may have also filled the voids and pores in concrete and 
improved the interconnection between concrete materials 
[19].  
 On the other hand, the existence of chloride 
concentration in car wash wastewater could affect the 
tensile strength of concrete [19][36]. Based on the data in 
Table 2, the concentration of chloride in car wash 
wastewater is slightly higher than tap with a range 
between 19.4 ppm to 33.0 ppm compared to tap water 
which contains chloride concentration ranging from 19.4 
ppm to 19.7ppm. Therefore, the correlation between car 
wash wastewater and other concrete materials need to be 
further studied. This is because the presence of chloride 
content in wastewater may reduce the tensile strength of 
concrete [37][38][39]. 

3.3.3 Modulus of Elasticity (MOE) 

Figure 1 demonstrated the procedure of modulus of 
elasticity (MOE) testing. However, Table 9 present the 
comparison of modulus of elasticity between car wash 
wastewater mix and control mix. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Procedure of modulus of elasticity testing 
 

Table 9. Modulus of elasticity of car wash wastewater mix 
 

Concrete Type 28 Days MOE (GPa) 
CM 0% 29.38 

CW 10% 32.96 
CW 20% 33.62 
CW 30% 28.73 
CW 40% 28.62 

  
 
 As mentioned in BS EN 1992, the typical range of 
secant modulus of elasticity of concrete (Ecm) grade 35 
was 32 + 6 GPa [34]. So, the results in Table 9 
completely achieved the typical range of MOE for 
concrete with a mean strength of 35MPa. According to 
the information in Table 8, the concrete with 20% of car 
wash wastewater replacement demonstrated the highest 
MOE value compared to other percentages as well as 
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control mix with only 29.4GPa. These findings may 
correlate to the existence of fine solid particles in 
wastewater which could fill the pores and voids in 
between the fine and coarse aggregates in concrete 
structures. According to previous researchers, the factors 
affecting the MOE were concrete strength and concrete 
density [42-45]. The concrete strength effect was related 
to the concrete compressive strength while the concrete 
density was related to the porosity of concrete. Based on 
the results in Table 8, the sulphate content in car wash 
wastewater was between 12.6 ppm to 115.5 ppm 
compared to tap water which had a sulphate content of 
13.3 ppm to 13.4 ppm. Previous researchers revealed that 
a higher sulphate concentration may result secondary 
gypsum is formed with calcium hydroxide and 
developing crystallise causing expansion. Thus it is 
recommended to use sulphate resistant cement to make 
sure the concrete impermeable as possible. 

4 Conclusions  
Based on the results from the experimental work the 
following conclusions for the use of car wash wastewater 
in concrete mixes can be drawn: 
� The pH value for car wash wastewater was in the 

range of 8.8 to 10.6 which is slightly higher than tap 
water. However, the sulphate and chloride content in 
car wash wastewater were within the ASTM and BS 
standards requirement. 

� The used of 10% car wash wastewater result the 
lowers value of compressive strength, tensile 
strength and modulus of elasticity, however it show 
increasing while 20% and 30% but beyond the 30% 
all the result decreasing. 

� The results recommended that a higher compressive 
strength value may lead to a higher MOE value. 

� According to the results for compressive strength and 
modulus of elasticity, the optimum percentage of car 
wash wastewater as a fresh water replacement in 
concrete mixes is 20%. 
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