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Abstract— Water shortage is becoming the largest problem in 

the world today. Freshwater resources have been increasingly 

polluted and depleted globally. The present study was aimed to 

explore the pollution potential of automobile service station 

wastewater and to treat the same by passing compositions. The 

greywater samples were collected from servicing point of an 

automobile workshop and were characterized for parameters like 

pH, Alkalinity, Total Dissolved Solids, Total Suspended Solids, 

Chemical Oxygen Demand (COD), Biological oxygen demand 

(BOD), sulphate, phosphate as well as Total Coliforms. In the 

filter bed five types of materials had been used in three sets of 

different combinations. The materials were fine sand, coarse 

sand, stone chips>10mm, stone chips<10mm and coal. The 

filtered water was collected under constant head above the 

porous media. The analysis of filtered samples of grey water was 

carried out and flow rate was also observed in each case. It was 

found that the grey water so produced can be reused for car 

washing at least once and also for other applications like in road 

sprinkling, gardening, farming etc. 

Keywords— Grey water, Porous media, Constant head, BOD.  

I.  INTRODUCTION 

Freshwater is a vital resource for which there is no 
substitute. Compared to surface water bodies, groundwater is 
relatively protected from contamination by overlying soils and 
geologic sediments. Thus, groundwater resources are ideal for 
human consumption. India faces serious water supply 
problems in many cities and hence measures have to be taken 
to conserve water or recycle the existing water. Grey water 
recycling may be a potential practice that may protect precious 
water reserves. Grey water gets its name from its cloudy 
appearance and from its status as being between fresh, potable 
water (known as "white water") and sewage water (black 
water). In a household context, grey water is the leftover water 
from baths, showers, hand basins and washing machines only 
(Al-Jayyousi et.al., 2003). Grey water reuse is currently 
utilized mostly on small residential scale and has been limited 
primarily to landscaping, irrigation etc. Recycling of grey 
water not only results in conservation of water resources but 

also reduces the discharge into the sewerage systems. Grey 
water can be used for many different types of uses from 
washing cars to watering gardens. On-site wastewater 
treatment is a prospective direction towards the reduction of 
pollution load to the municipal or combined urban wastewater. 
One of such areas is automobile service station and car-
washing. Some of the existing petrol pumps, fuel service 
stations are facilitated with car-washing. The large Car 
washing pools of garage and service stations are insisted upon 
by the respective pollution control boards to provide necessary 
treatment for the effluents. Professional car wash systems 
create wastewater that can cause a great impact on the 
environment, if not properly managed and discharged. 
Contaminants in wash wastewater include oil and grease, 
detergents, phosphates, hydrofluoric acid, ammonium 
bifluoride products etc. Oil and grease and detergents, 
including biodegradable detergents can be poisonous to fish. 
On the other hand, Phosphates, which are plant nutrients, can 
cause excessive growth of nuisance plants in water bodies. 
Hydrofluoric acid, ammonium bifluoride products are harmful 
to living organisms. 

The International Carwash Association (ICA) convened a 
“Think Tank” comprised of the car wash industries experts in 
water conservation including, professional car wash operators, 
manufacturers, water reclaim system manufacturers, and 
professional car wash product suppliers to discuss and 
determine some of the central terminology and a standard 
means of addressing water reclamation issues. (Zaneti R et. 
al.) The technique employed from treatment of car wash 
wastewater comprises a new flocculation-column flotation 
(FCF), sand filtration and final chlorination. Water usage and 
savings audits (20 weeks) showed that almost 70% 
reclamation was possible, and less than 40 L of fresh water per 
wash was attained. Wastewater and reclaimed water were fully 
characterized by monitoring physicochemical and biological 
parameters. Results were discussed in terms of reclamation 
aesthetic quality (water clarification and odour), health 
(pathological) and chemical (corrosion and scaling) risks. 
Noteworthy, this work showed a high count of fecal and total 
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coliforms both in the wastewater and in the treated water, 
making the need of a final disinfection mandatory. According 
to Brown (2000), car wash wastewater reclamation requires 
the separation of grit, oils and greases prior to be reused. Some 
of these process/technologies that have been proposed and 
tested are: reverse osmosis and nanofiltration (Brown, 2000; 
Boussu et al., 2007); ultrafiltration (Jönsson and Jönsson, 
1995); ultrafiltration-activated coal adsorption (Hamada and 
Miyazaki, 2004); electrochemical oxidation (Panizza 
andCerisola, 2010) biological treatment; flocculation–
sedimentation and flocculation–flotation (Rubio et al., 2007). 

Almeida et al. (2010) The study compares three bus-
washing systems operating in São Paulo – Brazil. Two were 
conventional washing, and one was a rainwater harvesting 
system together with a treatment plant for water reuse. The 
environmental costs and benefits were estimated, and potential 
improvements were evaluated using emergy accounting; a 
technique which incorporates the value of nature in human’s 
economy. 

Ghisi et al. (2009) The potential for potable water savings 
by using rainwater for car washing in petrol stations in 
Brasília, Brazil, has been assessed. It was observed that the 
average potential for potable water savings by using rainwater 
was about 33%, fluctuating from 9% to 57%. 

QWC (2008a,b) The Queensland Water Commission 
released. The Vehicles Washing Water Efficiency Guidelines. 
This guidelines serves as a definition of best practices at long 
times; providing information on industry water targets, 
practices and water efficient equipment for specific tasks. A 
target of maximum 70 and 100 L of potable water is imposed 
for washing small and large vehicles, respectively. 

Brown (2002) The International Carwash Association 
(USA) assess both, water usage (including the impact of 
evaporation and carryout) and water reclamation. Maximum 
water reclamation amounted to nearly 82% and the ranged 
between. Carryout plus evaporation was 24.0 ± 17.4% (water 
losses). 

Páxeus (1996) Effluent wastewaters from a large number 
of automatic vehicle washing facilities in Göteborg (Sweden) 
have been fully monitored. COD, and oil content have been 
fully measured. A material balance study did not show full 
elimination of the organic pollutants in the oil separator, 
probably due to the formation of difficult to separate stable 
emulsions. 

NACE (1975) In areas where de-icing salts are used, 
sodium chloride levels may build-up in the reclaimed water. 
Samples of car wash reclaimed waters were taken over winter 
season in two Canadian cities, and analysed for sodium 
chloride content. Results showed an average sodium chloride 
content of 0.039% at Winnipeg, and 0.023% at Edmonton. 
Authors believe that significant corrosion can occur with a 
concentration of chloride in the water as low as 0.04% (400 
mg L−1). 

II. MATERIALS AND METHODS 

The grey water used in the present study was collected from 

automobile washing centre near Tasveer Mahal Aligarh, India 

Ground water was used for the washing of purposes. The 

water which has been used in washing of cars was collected in 

a small manhole and finally discharged in the open drain of 

that area. Grey water samples were collected on an hourly 

basis (from the manhole) and the hourly variation in the 

characteristics of the samples were found out. The grey water 

was treated in the laboratory using a granular bed filter, shown 

in figure 1. 

 
 

Fig. 1 Grey water treatment in the laboratory 

 

The experiments were performed in a filter consisting of a 

cylindrical column fabricated with Perspex material, the 

height and diameter being 45 cm and 10.5 cm respectively. 

The filter bed composition has been varied for different flow 

conditions. The grey water was allowed to pass through the 

different materials to achieve the optimum operating 

conditions and bed composition. The following bed 

compositions were tried. 

 

(i) Fine sand + coarse sand 

(ii) Fine sand + coarse sand + stone chips > 10mm size 

(iii) Fine sand + coarse sand + coal 

(iv) Fine sand + coarse sand + stone chips < 10mm size 

(v) Homogenous mixture of Fine sand + coarse sand + 

stone chips > 10mm size. 

 

During the filtration process the head of the water above filter 

bed remained constant. The level of water was controlled 

through an opening on the top through which, there was 

continuous over flow. The filtered water was collected from 

the bottom of the filter bed.  
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The filtered water from different combinations of porous 

media was collected separately and analysed. Following 

parameters were analysed during the course of the study. 

 pH, alkalinity, hardness, sulphate, calcium, COD, BOD, 

dissolved solids, total coliforms. Flow rates of the samples 

collected from different configurations of the porous media 

was compared in order to evaluate the optimum bed 

requirement.  

The properties of the materials used in the filter are presented 

in the forms of figures 1,2 and 3 and in table 1. 

 

0

20

40

60

80

100

120

0.01 0.1 1

Size (mm)

%
 F

in
e
r

 

Fig1: Gradation curve of fine sand 
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Fig 2: Gradation curve of coarse 
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Fig: 3 Gradation curve of stone chips>10mm 

 

Table 1 Properties of the Materials Used as Filter Bed 

 

Soil Parameters Fine sand Coarse sand Stone 

chips>10mm 

Uniformity 

coefficient (CU) 

2.1 3.75 4.6 

Specific gravity 

 

2.68 3.12 3.82 

III. RESULTS AND DISCUSSIONS 

The following table gives the comparison of water quality 

parameters of grey water of automobile workshop and the 

fresh water being used for automobile washing. 

 
Table 2 Comparison of Characteristics of Grey Water and Fresh Water 

 

Parameters Grey 

water 

Fresh  

water 

pH 7.9 7.2 

Alkalinity (mg/l as caco3) 305 187 

Suspended solids(mg/l) 242.6 0.0 

Hardness (mg/l as caco3) 400 396 

TDS (mg/l) 741 392 

Chloride (mg/l) 92 86 

Sulphate (mg/l) 14.8 12 

B.O.D (mg/l) 19 1 

C.O.D (mg/l) 79 0 

Total coliform (no of coliforms/100ml sample) 20 0 

 

In order to evaluate the optimum filter bed composition 

experiments were performed for the different compositions of 

bed materials as described in previous section. Table 3 

summarises the results of the various experiments. The 

performance of different bed material compositions are 

discussed separately. The flow rate achieved through different 

bed compositions is shown in table 4. 

 
Table 3: Water Quality of filtered Water for different Bed Compositions 

 

Parameters Fine 

sand+ 

coarse 

sand 

Fine +coarse 

sand +stone 

chips>10mm 

Fine 

sand 

+ 

coarse 

sand 

+ coal 

Fine + 

coarse 

sand+ stone 

chips<10mm 

Fine +coarse 

+stone 

chips>10mm 

(homogeneous 

mixture) 

Ph 7.34 7.62 7.58 7.4 7.5 

Alkalinity 
(mg/l as 

CaCO3) 

210 221 232 196 242 

Suspended 

solids(mg/l) 

22.5 26.2 31.2 24.3 26.4 

Hardness 

(mg/l as 

CaCO3) 

340 310 360 382 362 

TDS (mg/l) 705 725 724 734 699 

Chloride 

(mg/l) 

83.5 87 84.6 82.4 78.2 

Sulphate 
(mg/l) 

14.2 14.8 14.4 13.6 14.1 

B.O.D 

(mg/l) 

6 2 5 3 2 

C.O.D 
(mg/l) 

42 31 28 37 13 

Total 

Coliforms  

0 0 0 0 0 
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Table 4: Flow Rate through Granular Media 

 
Composi

tion of 

bed 

Fine 

sand + 

coarse 

sand 

Fine 

+coarse 

sand 

+stone 

chips>1

0mm 

Fine 

sand + 

coarse 

sand + 

coal 

Fine + 

coarse 

sand  + 

stone 

chips<1

0mm 

Fine + 

coarse 

sand + 

stone 

chips>10

mm 

(homoge

neous 

mixture) 

Flow rate 

(cm3/c
m2/sec

) 

0.053 0.148 0.133 0.106 0.077 

 

During the study the following parameters was observed and 

graphs were plotted according to the following given numbers 

of different compositions of bed. 

 

1 Fresh water used for washing of automobiles 

2. Grey water generated from washing of automobiles 

3. Filtered water through bed of fine sand and coarse 

sand 

4. Filtered water through bed of fine sand, coarse sand 

and gravel 

5. Filtered water through bed of fine sand, coarse sand 

and 0” gravel 

6. Filtered water through bed of fine sand, coarse sand 

and coal 

7. Filtered water through bed of homogeneous mixture 

of fine sand, coarse sand and gravel 

 

 
 

Fig. 4 Variation of pH for different Experimental Conditions 

 
Fig. 4 shows the variation of pH for different experimental 

conditions. It is seen that pH was almost at acceptable limits 

for all the bed compositions.  

 

 
 

Fig. 5 Variation of alkalinity of filtered water for different bed compositions 

Fig. 5 shows the variation of alkalinity for filtered water 

through different bed compositions. The alkalinity of raw grey 

water was 305 mg/L.  There was an appreciable reduction in 

the alkalinity of the filtered water. The values of alkalinity of 

filtered water through different bed conditions were in the 

range of 210 – 242 mg/L. The values of alkalinity need not to 

be decreased further and the water may be recycled for use for 

car washings. 

 

 

 
Fig. 6 Variation of Hardness for different bed compositions 

 

Fig. 6 shows the variation of hardness for different bed 

compositions. It was observed that there was slight reduction 

in the hardness of grey water. The optimum removal of 

hardness of grey water occurred through the composition bed 

of fine sand + coarse sand + and stone chips>10mm.  

 

 

 
Fig. 7 Variation of chloride for different bed compositions 

 
Fig. 7 shows the values of chlorides in grey water and filtered 

water through different bed compositions. It was observed that 

the there was slight decrease in the concentration of chlorides 

in the filtered water. However, the values of chlorides are 

within the permissible limits and needs no further treatment.  

 

 

 
Fig. 8 Variation of sulphate for different bed compositions 
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Fig. 8 shows the valus of sulphates in the raw grey water and 

filtered water. It is seen that there was hardly any reduction in 

the values of sulphates through all bed compositions. 

 

 

 
Fig. 9 Variation of B.O.D for different bed compositions 

 

Fig. 9 shows the values of BOD for grey water and filtered 

water. It is observed that there was significant removal of 

organics through bed of filter media. The BOD of grey water 

sample was 19mg/l. After filtration through bed of fine sand, 

coarse sand, and stone chips> 10mm the value of BOD in the 

effluent was found as 2 mg/L. 

 

 
 

Fig. 10 Variation of C.O.D for different bed compositions. 

 
Like BOD the filtration process of grey water through 

different bed compositions resulted in the removal of COD 

also. The results of COD removal efficiency are summarised 

in fig. 10. The COD removal was appreciabe. 

 

 
 

Fig. 11 Variation of TDS for different bed compositions 

 

Fig. 11 shows the variation of the values of TDS in the filtered 

water.for different bed conditions. It is observed that there was 

effective removal of total dissolved solids in filtrate samples.  

IV. TOTAL COLIFORM AND FECAL COLIFORM 

The total number of coliforms present in grey water was 20 

and was completely removed through the filtration bed of each 

composition. The total number of coliforms after filtration was 

zero. It shows that the granular sand filter effectively removes 

the coliform colonies and makes the filtered water free from 

pathogens which is safe for reuse. 

V. CONCLUSION 

The present study was carried out to assess the application of 

filtration process for the treatment of wastewater from car 

washing service station. Different compositions of filter beds 

were tried. It is concluded that the filter beds used in the 

present study was effective for the reduction in the values of 

BOD, COD, coliforms, oil and grease. The optimum effluent 

flow rate was achieved through the bed of fine sand, coarse 

sand and stone chips>10mm which may be helpful to achieve 

the demand of water from car washing purpose. Moreover, 

this filter bed composition was found best for the removal of 

impurities of grey water. And hence grey water may be 

recycled for use in washing of cars. 
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