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Abstract

Although commonly perceived lightly in the eye of public, car wash wastewater should be taken more seriously as they have the tenden-
cy to be harmful and toxic not only towards the environment, but also humans. In this study, car wash wastewater samples were taken
from three stations in Johor with different cleaning methods; manually-dispersed car wash (MCW), snow car wash (SCW) and auto car
wash (ACW). At each station, samples were taken during the initial rinsing (IR), and final rinsing (FR) of the vehicles. The samples tak-
en were analyzed for its pH, chemical oxygen demand (COD), biological oxygen demand (BOD), oil and grease (O&G), total suspended
solids (TSS), anions (anionic surfactant, nitrate, sulphate, chloride, fluoride, orthophosphate) and heavy metals (iron, zinc, magnesium,
chromium, manganese, copper, lead, silver). The results obtained shows that there appears to be no specific pattern to differentiate be-
tween the IR and FR samples due to the different washing methods, chemicals and equipment used. The level of contamination of the car
wash wastewater was SCW>MCW>ACW. Overall, the result shows that some of the samples did not pass the standard discharge limit;
pH, COD, BOD, O&G, TSS, AS and Fe. This shows that car wash wastewater produced in the cleaning activities should be given more
concern and need to be treated before being released to the water body.
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1. Introduction

Nowadays, transportation is being a compulsory need for most
people for professional and personal usage. In Malaysia, it was
reported that overall sales of the entire vehicle in the first half of
2012 (January to June) is 301224 units and is expected to reach a
new record of 615000 units by the end of 2012, compared to
605,156 units and 600,123 units in 2010 and 2011, respectively.
This resulted in increased of car wash service center. Car wash
stations has been one of the many uprising service abundance in
every cities [1].

Moreover, based on a summary done by the Malaysia Automotive
Info, the total of new passenger and commercial vehicles regis-
tered in Malaysia in 2015 was 666,674, while on 2016, the amount
decreased to 580,124 (MAA, 2017). Though the amount decreases,
the number of cars on the road is still so abundant. These cars will
need to be cleaned from time to time for the convenience of the
user. This resulted in the increased of car wash station in both
rural and developed area.]

The car wash industry uses huge amount of water during the
cleaning process. An average of 100 gallons of fresh water was
used to wash a car based on a case study done at Kuwait (2007).
The usage of various chemical agents for cleaning and appealing
efforts also contributes to deterioration of the environment. After
the cleaning process, large quantities of derivatives are discharged
into aquatic and terrestrial environments [2]. Car wash activities
leave behind degreasers, surfactants and other chemicals [3]. It is
generally perceived by public that car wash wastewater is not
severely contaminated compared to other industrial wastewaters.

However, studies done on car wash wastewater by [4][5][6] and
others show high COD, BOD, oil and grease, anionic surfactants,
solids and heavy metals concentrations than the permitted value.
The contaminants that were found in car wash wastewater and
their treatments are discussed in the sections below.

Car wash stations can be differentiated based on the method of
washing applied at the service center. In general, car wash station
can be classified based on the way the soap was applied onto the
vehicles; manually dispersed, snow and auto. For manually dis-
persed washing method, it required full labour intensive cleaning
with desired amount of surfactant being along with buckets of
water. While for snow foam washing method, the cleaning process
uses high amount of foamed surfactants [7]. Overall, the study will
focus on the characterization of samples taken from each different
samples and classifying it based on their contamination level.

2. Methodology

2.1. Car Wash Wastewater Sampling

The car wash wastewater was taken from 3 different sites in Johor,
from a manually-dispersed car wash (MCW) station, a snow car
wash (SCW) station, and an auto car wash (ACW) station. The
wastewater samples were taken during initial rinsing (labelled as
IR) and final rinsing (labelled as FR) of the cleaning process for
each sites (n=8) at their respective drains. IR sample were taken
during the vehicles were sprayed with water before washing pro-
cess, while the FR sample were taken after the vehicles applied
with soap and then rinsed, removing the soap and impurities [7].
The wastewater produced during the cleaning process were let
flowing through the drain around a minute to ensure exact samples
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of IR and FR were taken. Around 5.0 liters of each sample, which
were formed through at least three washing of cars, were collected
into polyethylene container (5.0 L), so that the composite samples
collected represents the washing stages of IR and FR. The samples
taken were then stored in the refrigerator at 4 °C and preserved
accordingly based on (APHA, 2012) before being analyzed.

2.2. Data Collections and Analysis

Samples taken were analyzed for the pH value, chemical oxygen
demand (COD), biological oxygen demand (BOD), oil and grease
(O&G), total suspended solids (TSS), anionic surfactant (AS),
nitrate (NOy), sulphate S04), chloride (CI'), fluoride (F), ortho-
phosphate (PO,¥), iron (Fe), zinc (Zn), magnesium (Mg), chromi-
um (Cr), manganese (Mn), copper (Cu), lead (Pb), and silver (Ag).
The analysis were done accordingly to APHA, 2012 and by using
high-end instruments; UV-Vis Spectrophotometer, ICP-MS and
Dionex ICS-2000 lon-Chromatography.

3. Results and Discussions

The samples taken from MCW, SCW and ACW stations, both IR
and FR stages were collected and analyzed for their organic con-
taminants concentration, anions concentrations and heavy metals
concentration. Their level of contamination and possible hazard
causes were also described briefly.
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Fig. 1: pH value of IR and FR samples for MCW, SCW and ACW stations
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Fig. 2: Concentration of organic contaminants of IR and FR samples for
MCW, SCW and ACW stations

Figure 1 shows the pH value of IR and FR samples for MCW,
SCW and ACW stations. Apparently, the pH value of all samples
appear to be slightly alkaline. This is due to the application of
surfactants, which exhibits alkaline properties. However, the sam-
ples from SCW-FR seems to be slightly higher as compared to the
others, which was at the average of pH 9.8 + 0.04. Moreover, the
samples of FR appear to be slightly higher, due to the application
of surfactant at this stage. On the other hand, the sample of SCW-
IR was observed to be alkaline though no soap was applied at this
stage. This might be due to the excess use of surfactant at SCW
station, which uses the foaming machine which can result in
abundance of surfactant presence, even at the IR stage.

Meanwhile, Figure 2 shows the concentration of organic contami-
nants of IR and FR samples for MCW, SCW and ACW stations.

In general, COD and BOD concentration in car wash wastewater
can come from various sources; their solids, surfactant, oil and
grease and other matters washed off the vehicles during the clean-
ing activities. Based on the findings, COD and BOD concentration
were found to be increasing from IR to FR samples at MCW and
SCW stations but decreasing for ACW stations. This might be due
to the huge volume of water used at ACW station as compared to
the MCW and SCW stations. The highest COD concentration was
from SCW-FR sample, observed to be at 371.6 = 75.1 mg/L, and
the value appears comparable to a study which also operated in
Johor, at concentration COD of 337.33 + 101.55 mg/L [8].

Furthermore, the concentration of O&G was observed to increase
from IR to FR at all three stations. This might be due to the effec-
tiveness of the soap and degreasers applied at the washing stage,
thus resulting in increased O&G concentration. O&G in car wash
wastewater can also come from any of the petroleum products
(hydraulic fluid and motor oil which leaked from the braking sys-
tem and engine) on the surface of vehicle or leaking from the en-
gine [4][9]. The highest O&G concentration was observed at
3445 + 43.8 mg/L from SCW-FR.

Moreover, the TSS concentration shows different pattern from IR
to FR at all three stations. At the MCW station, the TSS concen-
tration increased at the FR stage, as the impurities are properly
removed from the vehicle’s surface with the application of soaps.
Meanwhile, the TSS concentration of IR samples at SCW station
was higher than at FR stage. This might be due to the usage of
water jet pump that shoots very high pressure water at the vehicles
that causes more solids to be removed at the IR stage, thus causing
the TSS concentration at IR to be higher than at FR stage. While,
the TSS concentration at ACW station appears to be almost the
same, as there was no clear difference between the samples taken
at IR and FR stages. This might be due to the huge amount of
water used at this station, thus making it harder to differentiate the
samples. The highest TSS concentration found was at 329.2 +
165.1 mg/L from SCW-IR, which appeared to be comparable to
the result obtained from a study in Malaysia, at concentration of
325 mg/L [7].

In general, car wash wastewater produced may contain various
organic content. EPA 1995 shows concern on the TSS, pH, O&G,
organics, COD, chlorinated solvents, detergents, lubricants and
additives [7, 15]. Moreover, the National Water Research Institute
(NWRI) of Environment Canada in a study on a highway runoff
toxicity found many of the same chemicals discovered in car wash
wastewater [10]. Organic contaminants can affect the environment
in various ways, especially O&G. O&G can adversely affect water
transparency and dissolved oxygen in the water [11]. In addition,
the composition of O&G is very complex as it may contain lots of
hazardous materials such as benzene, lead, zinc, chromium, arse-
nic, pesticides, nitrates, phenols, polyaromatic hydrocarbons and
other metals in different unit of concentration which are carcino-
genic to human beings [4][12][13].

To conclude, all the organic contaminants found in the samples
appears to be off the standard discharge limit in the industrial
effluents of Standard B. For the pH value, the permitted limit is
5.5-9.0. However, for sample SCW-FR, the mean value is 9.8 +
0.01, slightly exceeding the limit. On the other hand, the standard
limit for COD is 200 mg/L. However, all the samples exceed the
standard discharge limit for COD. Moreover, all samples failed to
pass the permitted value for BOD, 40 mg/L. Besides that, all sam-
ples also exceeded the discharge limit for solids and O&G, with
limits of 100 mg/L and 10 mg/L respectively.
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Fig. 3: Concentration of anions found in IR and FR samples from MCW,
SCW and ACW stations

Apart from organic contaminants, there are also anions contami-
nants. Although some anions are highly associated with useful
nutrients, some can be toxic towards the environment and human.
Figure 3 shows the concentration of anions found in IR and FR
samples from MCW, SCW and ACW stations.

Overall, the concentration of AS appears to be the highest as com-
pared to other anions. The highest AS concentration was found to
be at 100.6 + 35 mg/L, from SCW-FR, which was twice the con-
centration found in another study in Malaysia with AS concentra-
tion of 54 mg/L [7]. Moreover, the concentration of AS observed
to increase at FR stage while there seems to be not much of differ-
ence in values for sulphate, chloride, nitrate, orthophosphate and
fluoride ions. However, the concentration of sulphate from MCW
station was observed to increase at FR stage. This might be due to
the use of sulphate-based soap at this station, thus increasing the
sulphate concentration.

Moreover, the concentration of orthophosphate appears to be
higher at SCW and ACW stations. This might be due to the use of
phosphate-based soap at these stations as the polyphosphate is
commonly used as a complexing agent in some detergents (around
18%, by weight) [14]. Other than that, the concentration of sul-
phate, chloride, nitrate, orthophosphate and fluoride ions can also
be affected by the nutrients found in solid soils. As discussed, the
TSS concentration of samples from MCW station at FR stage
increased as compared to the IR samples, which can contribute to
the increase of sulphate concentration.

In Malaysia, other than fluoride, there seems to be no regulations
on discharge limit industrially on the other anions that was found
in this study. The fluoride discharge limit according to the Malay-
sia Environmental Act 2009 should not exceed 5.0 mg/L (Standard
B). The samples collected and analyzed in this study appear to
pass the regulated standard. In the case for anionic surfactant, our
neighbour country, Singapore has a regulations on it, with a dis-
charge limit of 15 mg/L (watercourse), and 5 mg/L (controlled
watercourse). Moreover, there are also discharge limit for AS
following the environmental Latin America regulations; involving
Chile (7.0 mg/L), Argentina (5.0 mg/L), Colombia (10 mg/L),
Venezuela (8.0 mg/L), Paraguay (5.0 mg/L) and Croatia (10.0
mg/L). Overall, the concentration of AS found in this study ap-
pears to be off the discharge limit, thus, are potentially hazardous
towards the environment.

Generally, nitrate is a contaminant that can easily dissolved in
surface and ground water is becoming one of the major compo-
nents of polluting ground water due to potential threat to environ-
mental and public health [15]. Moreover, nitrate accumulation and
its management is a recurrent problem in recirculating aquatic
ecosystem. On the other hand, trace amount of phosphorus in
lakes, bays, coastal areas, and inland seas can cause eutrophication
of natural waters. This issue has become one of the most worri-
some environmental problems worldwide [16]. The World Health
Organization (WHO) suggested a minimum discharge limit of

phosphorus of 0.5-1.0 mg/L and has been applied in many coun-
tries and regions[17]. The concentration of orthophosphates from
SCW and ACW stations in this study appears to be higher than the
discharge limit from WHO. In addition, anionic surfactant will
destroy mucus membrane and gills of fishes to some degree. The
gills may lose its natural oils, thus, interrupting oxygen transfer
[18]. Furthermore, surfactant can also affect human directly. Ac-
cording to a cytoxicity test, the cytoxicity order of surfactants
determined on rabbit corneal epithelial cells was cation-
ic>anionic=amphoteric>non-ionic. On the other hand, at high
concentration, sulphate can be a base of catharsis, dehydration and
gastrointestinal irritation [19].

Elron mZinc Copper ®Manganese Lead Chromium  mSilver

800

600

400

| |

OI-,II,II,I-, I,Il,
pl

Concentration {ppb)

8

MCW-IR MCW-FR SCW-IR SCW-FR ACW-IR ACW-FR
Sample

Fig. 4: The concentration of the heavy metals in wastewater from MCW,
SCW, and ACW stations.

Other than organic and anions pollutants, there are also heavy
metals existing in the car wash wastewater. Although some of the
samples concentration of the heavy metals found were as low parts
per billion (ppb), some has exceeded the standard discharge limit.
Figure 4 shows the concentration of the heavy metals in
wastewater from MCW, SCW, and ACW stations.

EPA 1999 has already take note on the concentration of heavy
metals produced from car wash activities. Some parameters are
observed to exceed the discharge limit, such as antimony, arsenic,
beryllium, cadmium, lead, thallium, aluminum, pH, iron and man-
ganese [3]. Thus, the concentration of heavy metals was also mon-
itored in this study. Overall, it was observed that the concentration
of iron was far greater for all samples as compared to other heavy
metals. There was also a findings which shows that the highest
concentration of heavy metals found in car wash wastewater was
also iron [20]. Iron found in car wash wastewater can come from
the metal parts of the car that dissipated within time. Iron is com-
monly used as materials for engines manufacturing due to its high
strength and low cost [21]. Next, zinc metals were found to be the
second highest heavy metals found in all the samples collected,
while the concentration of silver, copper, lead, chromium and
manganese metals were found although it appeared to be very low.
The heavy metals found in car wash wastewater should follow the
industrial standard discharge limit by the Environmental Quality
Act Malaysia 2009. All the samples analyzed in this study ap-
peared to pass the standard discharge limit of the heavy metals,
except for iron. The standard discharge limit of iron is 1000 ppb
(Standard B). However, the average iron concentration found in
ACW-IR was at 1316.6 + 495.4 ppb, thus making the wastewater
unfit to be released before being treated.

Heavy metals such as lead, cadmium, chromium, nickel, zinc,
copper and iron are commonly present in industrial wastewater,
and they are not biodegradable and their existence in receiving
lakes and streams causes bioaccumulation in living organisms,
which leads to several health problems in animals, plants and hu-
man beings such as cancer, kidney failure, metabolic acidosis, oral
ulcer, renal failure and damage in stomach for the rodent [22].
Moreover, manganese can induce iron deficiency in some algae
which can lead to inhibition of chlorophyll synthesis and increased
the high risks to the ecosystem [23]. Furthermore, lead discharge
into aqua-environment tend to bio-accumulate and excessive con-
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centration of lead are linked with various diseases in humans and
animals [24]. In addition, excessive intake of copper leads to se-
vere muscle irritation and corrosion, widespread capillary damage,
hepatic and renal damage, and central nervous system irritation
followed by depression [25].

4. Conclusion

The car wash wastewater obtained from three car wash stations
with different cleaning processes were analysed with parameters
of COD, BOD, O&G, TSS, AS, NO;, S0,, CI, F, PO,*, Fe, Zn,
Mg, Cr, Mn, Cu, Pb and Ag. The level of contamination of the
wastewater can be represented by SCW>MCW>ACW, as the
concentration of pollutants in SCW appears to be slightly higher
than those of MCW and ACW. It was observed that the pH, COD,
BOD, TSS, O&G, AS and Fe concentration of some of the sam-
ples were found to exceed the permissible limit as permitted by
the Environmental Quality Act 2009. This shows that, though
appears tame, car wash wastewater deserves to be given equiva-
lent attention as compared to other industrial wastewater released
to the water body. Proper treatment of the wastewater produced
should be applied to assure the wastewater released are safe and
thus conserving the environmental quality for the better future of
all beings.
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