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Abstract: Water is an essential resource for the functioning of society, where it is involved in key
areas such as domestic use, agriculture, energy production, industry, and transport. Climate change
exacerbates water scarcity. In the context of preserving water resources, effluents from the automobile
sector need to be deeply considered due to their environmental impacts. This review focuses
especially on the water effluents generated by car workshops. In car workshops, daily floor washing
waters containing organic pollutants, either from vehicle components or from products used for
maintenance and repair, can represent large volumes of water (between 15 L and 50 L per day) that
are discharged into the wastewater system. These particular industrial organic effluents are not
well characterized and can represent severe environmental risks. The aim of this review is to help
automotive maintenance and repair professionals better manage these industrial organic effluents.
We first describe the potential sources of organic pollution emissions in car workshops with the
purpose of identifying the organic compounds to be monitored as a priority in the wash water. Then,
we apply a risk prevention management tool, based on the criticality matrix, to identify products
with a high risk of leaking onto the ground in order to limit organic pollutants at the source.

Keywords: organic pollutants; criticality matrix; risk prevention; industrial water management

1. Introduction

The water crisis is currently the most worrying global issue. The growing concern
about water scarcity is linked to demand due to rapid population growth, urbanization,
and economic development. Climate change exacerbates water scarcity. Earth has a finite
quantity of water, estimated at more than 1 billion km3. However, the fresh water available
for human societal use is estimated to be 0.7% of the global terrestrial quantity. Therefore,
the challenge for the years to come is to preserve this resource in view of the reduction in
freshwater reserves due to climate change.

In this review, we focus on the organic effluents generated by car workshops and
the environmental impacts of such activities. In the automobile sector, the most studied
effluents are those produced from car traffic that leach into road waters [1–3], and particular
attention has been paid to the issue of microplastics, alkylphenols, polycyclic aromatic
hydrocarbons (PAHs), and heavy metals entering water sources. Car wash activities and
their effects on water reuse are another well-studied aspect of the automobile sector [4,5].
In comparison, effluents resulting from automobile maintenance activities and repairs are
seldom studied. However, this activity is highly important in the automotive sector because
of its globalization, its persistence from the time the vehicle exits the factory to the end of
its life, and the frequent absence of water pre-treatment systems in workshops in many
areas around the world. In Europe, since 2000, the Water Framework Directive (WFD) has
focused on ensuring good qualitative and quantitative health outcomes by reducing the
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generation of pollution, removing pollution, and ensuring that the quantity and quality
of water resources are sufficient to meet human needs and environmental demands [6].
In the context of preserving water resources, it seems necessary for automobile repair
and maintenance professionals to manage the effluents from automobile workshops more
effectively.

By offering many services, such as oil and tire changes as well as brake, transmission,
distribution, cooling, and exhaust system maintenance, car workshops produce specific
industrial effluents that are mainly concentrated in workshop floor washing waters. These
effluents consist of a complex mixture of residues containing compounds contributed by
the car and its parts or by the activities of car maintenance and repair. Based on our current
knowledge, these effluents, which are mainly composed of organic compounds, have been
understudied. They must be taken into consideration in terms of their environmental
impact according to the WFD objectives, especially as pre-treatment solutions for washing
water are often neglected by car workshops.

The aim of this paper is to review the principal services offered in a car workshop and
identify the main organic compounds to monitor in wash water by specifying their physical
and chemical properties. Then, we detail a risk prevention tool, based on the criticality
matrix, to help automobile professionals identify potential pollution sources and therefore
limit the spillage of products used for vehicle maintenance and repair. As far as we know,
this approach, which combines a bibliographical study with the design of a criticality
matrix, is innovative in this sector. It could facilitate the complex implementation of an
environmental risk management plan for automobile workshops by offering an easy-to-use
tool to reduce the release of organic pollutants into the environment.

2. Services Carried Out in Automobile Workshops and Sources of Organic Pollution
2.1. Tire Changing and Shear Stresses with the Floor

Changing tires is a service carried out daily in automobile workshops and involves
several stages: the dismantling of the wheel, which can release particles accumulated
during the operation of the vehicle; the handling of used and new tires on the floor; fitting
the new tire; and rim cleaning. In car tires, the tread, which is the only layer in contact
with the ground, is made of a mixture of natural rubber derived from Hevea brasiliensis
(Euphorbiaceae) and petroleum-based synthetic polymers [7]. Pollutants emitted during
this service depend on the state of the tire (new or used). Shear stresses exerted on the tread
in contact with the road are responsible for tire wear, producing particles that are potentially
released into the environment ranging from 0.001 µm to more than 100 µm [8] and with
physicochemical properties distinct from those of the original tread. The modification of
the emitted particles results from the friction between the tire and the ground surface due
to the heat produced during this contact or due to the integration of material particles
present on the road [9]. All these particles can then be deposited on the workshop floor
during vehicle circulation or tire handling. The carbon compounds identified in these
particles are composed of 88% organic substances, 4% elementary carbon (mostly identified
as carbon black that is used to reinforce the tire [10]), and 8% carbonated products [8].
A study carried out by Rogge and his team focused on the characterization of organic
substances released by thermal vehicle constituents [10]. The authors mainly identified
alkanes with carbon chains between C19 and C41, among which heptatriacontane (C37)
had the highest concentration (2301 µg g−1). These alkanes are constituents of paraffins,
serving as protective agents against ozone and ultraviolet rays to prevent premature tire
wear during storage [10]. The other substances include carboxylic fatty acids, mainly
represented by stearic acid and palmitic acid, natural resins, and benzothiazole. The last
family of compounds found is that of PAHs, representing 200 µg g−1 of tire particles and
mainly including pyrene, fluoranthene, and phenanthrene. They are used as extender oils
to provide tread elasticity, or they are contaminants of carbon black. Since January 2010,
extender oils used for tire production have been regulated by the European Commission
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(EC), which prohibits extenders containing more than 1 mg kg−1 of benzo(a)pyrene and
10 mg kg−1 total of all PAHs listed in this directive [11].

Therefore, various chemical compounds could be deposited on the workshop floor
due to the vehicle’s circulation and tire handling, making it likely that a variety of organic
compounds could be identified on the ground, in particular alkanes and PAHs, in addition
to the exogenous particles accumulated on tires prior to their entry into the workshops.

2.2. Braking System Servicing

Another source of organic compounds found on the workshop floor is the release of
fine particles, between 0.1 µm and 10 µm in size, that accumulate in wheels during vehicle
braking. The braking system consists of the brake disc, made of inorganic compounds,
and the brake pads, which contain organic products in the form of resin, carbon fibers,
and graphite [12]. Wahlström and his team investigated the size, shape, and elemental
composition of airborne wear particles collected on filters in tests conducted in a disc brake
assembly test stand [12]. Both the low-metallic and non-asbestos organic type of brake
pads displayed a bimodal size distribution with peaks at 280 and 350 nm. Most of the
airborne particles generated had a diameter smaller than 2.5 µm and could therefore be
classified as particular matter PM2.5, i.e., particles with aerodynamic diameters less than
2.5 µm, which is a category established by the EC and by the US Environmental Protection
Agency (USEPA). By studying the release of fine particles from seven different brake pads
fitted to light-duty vehicles with a dynamometer, it was shown that 35% of the brake
particles were produced in the form of fine particles in the environment, of which 18%
were carbonaceous particulate matter [13]. The GC-MS analysis of the organic fraction
showed a respective concentration, expressed in µg g−1, of 38 n-alkanes, 540 alkanoic
acids, 34 alcohols, 19 substituted benzaldehydes, 879 polyalkylene glycol ethers, and
16 PAHs [10]. The PM10 organic fraction showed that the mass of the carbonaceous fraction
varied between 5.07 and 75.4% and contained more than 150 organic compounds, including
C11 to C33 n-alkanes (4.54–68.1 mg g−1 PM10), PAHs with five or fewer benzene rings
(3–137 mg g−1 PM10), alcohols, different types of acids, glycerol derivatives, polyalkylene
glycol ethers, plasticizers, sugars, sterols, and phenolic compounds [14].

To ensure the proper functioning of the braking system, the brake fluid must withstand
high temperatures, have good viscosity, be physically and chemically stable, protect the
metal parts of the hydraulic circuit against corrosion, not damage the rubber parts of the
system, and have lubricating properties. Thus, most brake fluids are mainly composed of
glycols with alkylene glycol alkyl ethers (70% to 80%); polyethylene, propylene polyglycol,
or borate esters of alkylene glycol alkyl ethers (20% to 30%); and inhibitors like anti-
corrosion, anti-oxidation, stabilizing, and anti-foaming additives (5% to 10%) [15].

Therefore, leaks from the hydraulic circuit, or improper handling of brake fluid, can
lead to spills on the ground. These spills are likely to occasionally transfer glycol ethers
from the brake fluid, as well as brake particles made up mostly of n-alkanes, PAHs, and
polyalkylene glycol ethers, to the wash water.

2.3. Fuel and Oil Leaks

One of the failures that can occur in a vehicle is a leak from an injector (the part
which carries fuel from the tank to the combustion chamber of the engine) causing fuel
to accumulate on the ground. Crude oil shows a complex chemical structure and is
mainly composed of three types of hydrocarbons: alkanes, cycloalkanes, and aromatic
compounds. Petrol and diesel are commercial petroleum products refined from crude
oil with chemical compositions that depend on the nature and conditions of the geolog-
ical formation of the original oil, particularly for diesel, as well as the methods used for
its refinement [16]. Petrol is made up of around 200 different hydrocarbons, of which
benzene, toluene, ethylbenzene, and xylene (BTEX) are the most studied [17]. It has
only light hydrocarbons, ranging from 4 to 10 carbon atoms [18]. In a commercial 98 un-
leaded petrol sample studied by Solano-Serena and his team, hydrocarbons of between 6
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and 10 carbon atoms predominated in the mixture (64.9%), with the proportion of BTEX
equal to 35.7% and methyl and dimethyl alkanes being the most abundant (22.7%) of the
C4–C6 compounds [17]. The proportion of aromatic compounds could also reach a higher
rate of 50% in the mixture [18]. Diesel has a more complex formulation than petrol. It has
between 2000 and 4000 different hydrocarbons, which have carbon chains between 11 and
25 atoms, comprising 46% isoalkanes and cycloalkanes, 30% aromatic compounds, and 24%
n-alkanes [18]. Different additives are added to improve the auto-ignition characteristics of
diesel [16].

The risk of motor oils spilling on the workshop floor comes from leaks linked to a
breakdown of the vehicle, accidental spills during oil changes, or improper storage of used
oil. Motor oils are generally made from a mixture of 90% hydrocarbons and 10% addi-
tives [19], with the proportion depending on the supplier. The hydrocarbon compounds of
motor oils are linear and branched paraffinic or naphthenic chains with more than 15 carbon
atoms and aromatic hydrocarbons. This complex mixture confers a good viscosity to the
oil and a boiling point between 300 ◦C and 600 ◦C [20]. Additives include antioxidants
(phenols, amines, and sulfide), anti-foaming agents (silicones), anti-wear agents (fatty acids
and organophosphorus esters), dispersants, corrosion inhibitors (fatty acids and their salts,
sulfonates), and high-temperature oil viscosity improvers (polyalphaolefin, polymethacry-
late, and polyalkylstyrene) [20]. In workshops, the oil collected during an oil change is
therefore significantly different from that sold by the supplier due to the transformations it
has undergone during the engine combustion process. Therefore, the USEPA has defined
used motor oil as petroleum-based or synthetically created oil that has been used in the
lubrication of a vehicle and which, under normal conditions of use, has been contaminated
by various impurities such as dust, water, chemical compounds, or metals from the vehicle
engine [19]. Although the main change in used oil involves its metal concentration, it
also has high concentrations of PAHs, whose mutagenic and carcinogenic impacts are
known [21].

To summarize, the potential sources of organic pollution in a car workshop mainly
come from tires, the braking system, fuel, and oils, whose associated organic molecules
have been described above. Other sources of organic pollution representing lower volumes
come from the coolant, the windscreen washer, and detergents.

2.4. Maintenance of Coolant Circuit

A coolant is used to cool the engine and prevent overheating by maintaining a temper-
ature between 75 ◦C and 95 ◦C. The coolant is composed of ethylene glycol and propylene
glycol (30% to 50%). Water and additives, such as corrosion inhibitors for hose protection,
are also used in its formulation [22]. The high proportion of ethylene glycol makes it
possible to maintain a constant temperature in all seasons, since the liquid does not boil
at 100 ◦C and only freezes below −20 ◦C. The used coolant is collected in the automotive
center and then treated by an approved service provider. In automobile workshops, the
poor handling of coolant can result in glycol ethers leaking onto the floor.

2.5. Windshield Washer Filling

Windscreen washer fluids are made with ethylene glycol, one or more alcohols, and
water. For cost reasons, ethanol is usually used as the alcohol. However, some formulations
contain methanol, which is toxic to humans, and its concentration in windscreen washer
fluid has been limited by the European Union to 0.6% [23]. Nonylphenols can also be used
in the cleaner formulation at concentrations between 2.2 to 5.2 µg L−1 [1]. In car centers,
leveling of the windscreen washer fluid is carried out during the maintenance of the vehicle.
This liquid does not require purging of its circuit, so no liquid waste is produced during
this service. The accidental deposit of coolant or windscreen washer fluid on the workshop
floor, generally due to a circuit leak or improper handling, can consequently contribute to
the introduction of ethylene glycol and propylene glycol into washing waters.
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2.6. Detergents

Using detergents to clean specific parts of the vehicle, such as the rim, windshield, and
brakes, is an integral part of the services carried out in an automobile workshop since it
allows the vehicle to be returned to the customer in good visual condition after a repair or
maintenance activity. Detergents are also regularly used for cleaning automobile workshop
floors, the organic compounds of which are directly mixed with the washing water. There
is high variability in detergent formulation. However, the active molecule most used in
these cleaning products belongs to the group of alkylbenzene sulfonates [24,25].

3. Organic Compounds with a High Risk of Leakage to Be Monitored as a Priority in
Washing Water

Services carried out in the workshop can lead to the release of well-known organic
pollutants onto the ground. In this second part of our paper, we briefly present some of
their main physicochemical characteristics (Table 1), which affect their behavior in washing
water and after their discharge into the environment.

Table 1. List of priority organic compounds to be monitored in wash water and their physicochemical
properties.

Pollutant Sources Some Physicochemical Properties

N-alkanes

Changing and shear stresses with the floor Depend on the length of the carbon chain
Braking system servicing n-octane: Log Kow * 5.34, WS ** 0.632 mg L−1

Fuel leak from an injector n-heptadecane: Log Kow 10.92, WS 0.0017 mg L−1

Oil leak during engine and
gearbox maintenance

Floor cleaning with detergents

Polycyclic aromatic
hydrocarbons (PAHs)

Changing and shear stresses with floor Depend on number of benzene rings
benzo[a]pyrene: Log Kow 6.06, WS 0.0038 mg L−1Braking system servicing

Used oil leak during oil change
Improper storage of used oil

Glycol ethers
Brake fluid replacement Soluble or miscible (water)

Maintenance of coolant circuit Log Kow −1.46 to 1.9
Windshield washer filling

Alkylbenzenes
Vehicle structures and floor cleaning

with detergents Hydrophobic,

Log Kow 7 to 10

* Kow: octanol water partition coefficient, ** WS: water solubility.

3.1. N-alkanes

N-alkanes are hydrocarbons made up of only carbon and hydrogen atoms separated
into two categories: linear or branched aliphatic hydrocarbons with CnH2n+2 as the molec-
ular formula and cycloalkanes (CnH2n) with one or more carbon ring [16]. Saturated
linear aliphatic hydrocarbons, also called paraffins, are frequently identified in tires, brake
systems, fuels, and motor oils. Paraffins are divided into four groups: gaseous alkanes
(<C8), low-molecular-weight aliphatic hydrocarbons (C8–C16), medium-molecular-weight
aliphatic hydrocarbons (C17–C28), and heavy-molecular-weight aliphatic hydrocarbons
(>C28) [26]. Their physicochemical properties depend on the length of their carbon chain.
The higher the number of carbon atoms, the more these compounds are hydrophobic,
insoluble in water, apolar, and weakly volatile. In the environment, paraffins mainly accu-
mulate in soils or sediments due to their high hydrophobicity, their ability to persist for
long periods, their weak volatilization, and leaching phenomena [27]. In sediments, their
concentrations can vary, and their biodegradation is governed by dioxygen gradients and
takes longer in anaerobic conditions [28,29].
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3.2. Polycyclic Aromatic Hydrocarbons (PAHs)

PAHs are composed of only carbon and hydrogen atoms, structured by two or more
benzene nuclei and assembled in linear, angular, or grouped forms [30]. They are classified
into two categories: low-molecular-weight PAHs with up to two or three aromatic rings and
high-molecular-weight PAHs with more than three rings. PAHs are hydrophobic molecules
with low saturation vapor pressures, whose persistence and toxicity in the environment
increase with the number of cycles. The International Agency for Research on Cancer has
classified 15 PAHs. Among them, benzo(a)pyrene is considered a Group 1 carcinogen, and
cyclopenta(c,d)pyrene, dibenzo(a,h)anthracene, and dibenzo(a,l)pyrene are identified as
probable carcinogens (Group 2A). Eleven other compounds are classified as possible car-
cinogens (Group 2B), and the rest of these substances are unclassifiable (Group 3) [31]. With
regard to the toxicity of this family of compounds in aquatic environments, due to their
low solubility, chemical stability, and tendency to accumulate in the sediments [32] (due to
a high octanol water partition coefficient, i.e., fluoranthene (Log Kow 5.16), benzo[a]pyrene
(Log Kow 6.06), and indo(1,2,3-cd)pyrene (Log Kow 6.58)), the WFD set the following objec-
tives to reduce or eliminate emissions of several PAHs by 2027 when action is possible [33]:
fluoranthene emissions should be reduced by 10%, those of naphthalene by 30%, and those
of benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, and
indo(1,2,3-cd)pyrene by 100%.

In automobile workshops, n-alkanes and PAHs require special vigilance with regard
to washing water contamination due to their abundance in a wide range of inputs like tires,
braking systems, and mineral oils. This diversity of sources increases the probability of
these organic compounds flowing onto the ground if preventive measures are not put in
place. In addition, few substitute products for those containing paraffins and PAHs can
be considered. In car workshops, this family of pollutants is strictly regulated. This is
why water pre-treatment systems, called hydrocarbon separators, are generally installed to
separate hydrocarbons from industrial wastewater.

3.3. Glycol Ethers

Glycol ethers are amphiphilic solvents divided into two categories and comprising
more than 80 chemical substances. E-series glycol ethers, derived from ethylene glycol,
have the generic formula R-(O-CH2-CH2)n-O-R’ [34]. They are produced from the reaction
between an ethylene oxide and an aliphatic monoalcohol in the presence of a catalyst [35].
The most commonly used alcohols for the formation of glycol ethers are methanol, ethanol,
n-propanol, isopropanol, n-butanol, and n-hexanol. The P-series glycol ethers are derived
from propylene glycol, whose generic molecular formula is R-(O-CH2-CH(CH3))n-O-R’.
They are synthesized from propylene oxide and water [34]. All the E- and P-series glycol
ethers are soluble in water, and some are miscible, with Log Kow values ranging between
−1.46 and 1.79 for the E-series and −0.4 and 1.9 for the P-series [36,37].

Glycol ethers are colorless and moderately volatile liquids with an amphiphilic charac-
ter. They are used in the manufacturing of many products, such as functional fluids (brake
fluids, cutting oil), windscreen washer fluids, industrial cleaning agents, and glues [38].
In 2010, the world market represented an annual production of 13 million tons of glycol
ethers. Due to their physicochemical properties, these compounds are soluble in water,
with weak accumulation in soils and sediments [36,37]. Glycol ethers are rapidly degraded
by abiotic or biological processes in aquatic environments; therefore, their transfer to the
food chain is limited [39]. Several regulations govern the production and use of glycol
ethers. Eleven glycol ethers are considered reprotoxic according to classification, label-
ing, and packaging regulations [40]. These eleven substances are prohibited in cosmetic
formulations. In addition, the Restriction, Evaluation, Authorization, and Restriction of
Chemicals (REACH) regulations require an authorization procedure for the use of bis
(2-methoxyethyl) oxide due to its reprotoxic properties. Finally, the French Labor Code re-
quires companies to assess risks, control exposure, and implement prevention and training
measures to protect teams from carcinogenic, mutagenic, and toxic substances for reproduc-
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tion, including glycol ethers like 1,2-diethoxyethane, 2-methoxyethanol, 2-methoxyethyl
acetate, 2-ethoxymethanol, 2-ethoxyethyl acetate, bis (2-methoxyethyl) oxide, 1,2-bis(2-
methoxyeehoxy) ethane, 2-methoxypropyl acetate, and 2-(2-methoxyethoxy) ethanol [39].

In automotive workshops, the main risk of glycol ethers spilling onto the floor comes
from incorrect use of the products during brake fluid replacement, cooling circuit mainte-
nance, or windshield washer refilling. Once mixed with the workshop washing water, the
glycol ethers are not eliminated from the water by the possible installation of a hydrocarbon
separator due to their amphiphilic nature.

3.4. Alkylbenzenes

Since the 1960s, alkylbenzenes have been used as precursors for the manufacture of
alkylbenzene sulfonates, one of the most widely used anionic surfactants in detergent pro-
duction since the abandonment of natural soaps (due to their inferior detergent properties
and higher production cost) [41]. Alkylbenzenes have a benzene ring linked to an alkyl
chain ranging from 10 to 24 carbon atoms to constitute a subfamily of 26 compounds. They
are synthesized by the dehydrogenation of paraffin, resulting in the subsequent alkylation
of the benzene ring due to the loss of hydrogen atoms [41].

These hydrophobic compounds, whose Log Kow value varies between 7 and 10, are
impurities resulting from the incomplete sulfonation of alkylbenzene sulfonates, listed at a
rate of 13% in the final composition of the detergent [41]. The massive use of detergents in
a wide variety of industries makes linear alkylbenzenes ubiquitous compounds in aquatic
environments, especially surface waters and estuaries, where they tend to adsorb into
suspended matter and accumulate in sediments. Their persistence in the environment and
their proven bioaccumulation in aquatic fauna [42,43] make them indicators of the presence
of other organic substances in the aquatic environment [44]. The toxicity of alkylbenzenes
is little studied, unlike that of alkylbenzene sulfonates. Alkylbenzenes are not toxic to a
wide variety of aquatic species, except for Daphnia magna [42,45]. The chronic ecotoxicity
of alkylbenzene sulfonates to aquatic organisms has been extensively studied due to the
large quantities discharged into the environment. Depending on the species, the concen-
trations at which chronic effects are observed vary between 250 and 10,000 µg L−1 [46].
Additionally, these substances contribute to the permeation of other toxic compounds into
aquatic animals [24]. Alkylbenzene sulfonates are mostly treated in wastewater treatment
plants in an activated sludge process [47], and some of them are degraded by indigenous
microorganisms when they reach the natural receiving environment. The undegraded
quantity could inhibit the growth, reproduction, and physiological functions of aquatic or-
ganisms by acting on their membrane permeability, their enzymatic activity, and their tissue
structure [48]. The toxicity of alkylbenzene sulfonates decreases with the water hardness
and the adsorption and precipitation mechanisms occurring in surface waters [49].

In automobile workshops, due to the daily use of detergents to clean certain vehicle
structures and the workshop floor, monitoring this family of compounds in the washing
water discharged is necessary. Moreover, detergents could also be easily substituted with
cleaning products with more environmentally friendly formulations without alkylbenzenes.
This preventive method could reduce the risk of dispersing alkylbenzene sulfonates in
wastewater.

3.5. Monitoring the Organic Pollution of Car Workshop Floor Wash Water

Automotive workshops discharge large volumes of floor washing water daily, ranging
between 15 L and 50 L. French legislation requires automotive professionals to pre-treat
these wash waters to make them safe for discharge by installing a hydrocarbon separator,
also called an oil–water separator (OWS) [50]. This equipment makes it possible to reduce
the load of organic pollutants in water by removing hydrocarbons by mechanical action
based on gravity and coalescence (Table 2) [51].
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Table 2. Concentration of the organic pollutant load before and after treatment by hydrocarbon
separator.

Organic Pollution
Indicators French Regulations * Upstream of OWS * Downstream of

OWS

Chemical oxygen
demand (COD) 1500 mg L−1 1210–87,300 mg L−1 866–1100 mg L−1

Biochemical oxygen
demand (BOD) 600 mg L−1 740–10,200 mg L−1 256–545 mg L−1

Total hydrocarbons 5 mg L−1 14–1100 mg L−1 0.363–1.74 mg L−1

* The given data are means of the organic pollutant load of floor wash water collected during sampling campaigns
in French automobile workshops between 2020 and 2023.

Water analysis campaigns carried out on raw wash water upstream of OWS and after
pre-treatment show that this system enables effluents to be discharged that comply with
French regulations [50]. Data concerning other pollutants, such as PAHs, alkylbenzenes,
and glycol ethers, are not communicated because these pollutants were not monitored in
accordance with the above-mentioned standards. In France, the OWS-treated washing
water enters the wastewater network and then reaches a wastewater treatment plant to be
treated. In some other countries, it is likely that wash water is discharged directly into the
environment without any prior treatment phase [52]. In addition to the installation of a
washing water pre-treatment system [53], or when this implementation is impossible, we
offer a simple environmental risk prevention management tool based on a criticality matrix.

4. The Criticality Matrix: An Environmental Management Tool
4.1. Goals

To anticipate the flow risks associated with the main products used in car workshops,
we propose the design of a criticality matrix, an already existing tool in risk prevention
management, specifically applied in this study for pollution management in workshops.
The criticality matrix is widely used by the health, safety, and environment (HSE) depart-
ments of companies as part of risk analyses, where it constitutes the initial and essential
step of any prevention approach. This tool is simple to set up and allows for the reduction
at the source in pollution coming from products at high risk of spillage that cause harm to
the environment and lower the safety of car workshop teams (risk of slipping and falling).
This environmental risk management approach makes it possible to identify products
used in workshops that have a high risk of leakage and would require the installation of
prevention equipment. This criticality matrix could also be used as a support tool when
making decisions about the integration of new products.

4.2. Presentation of the Criticality Matrix

The identification of the products most used in Norauto’s automobile workshops
was carried out based on internal company data relating to their frequency of use and
the repair and maintenance services most frequently carried out. Nine product categories
were identified and coded as follows: engine oil (R1), cooling liquid (R2), transmission
oil (R3), penetrating oil (R4), rim cleaner (R5), leak detector (R6), brake fluid (R7), brake
cleaner (R8), and floor detergent (R9). The products coded R1, R3, and R4, representing
33% of the commonly used products, are oils employed for engine protection, gearbox
operation, and mechanical piece lubrication, respectively. These products are potential
sources of BTEX, n-alkanes (mid and long chains), isoalkanes, cycloalkanes, and aromatic
compounds including PAHs. The second category of products extensively used in the
workshops (33%) were detergents, coded R9, that could also ultimately be found in the
washing water. Whatever the daily activity of a workshop and the services performed,
detergents were commonly used every day for cleaning at a concentration of 2.5%. The
remaining 33% was divided between other products, coded R2, R5, R6, R7, and R8. Some
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products like coolant liquid (R2) and brake fluid (R7) are potential sources of ethylene and
propylene glycol.

The forecast model for the flow of products on the ground was designed based on
a risk prevention tool, called the criticality matrix, the purpose of which is to assess the
criticality of a risk. To make this calculation, two factors were considered. The first was the
probability of product flow during its use, which was defined according to three criteria:
the frequency of the workshop ticket rate (WTR), the target of the product, and the product
phase (aerosol, paste, or liquid). These three criteria were chosen in consultation with the
HSE manager and on the basis of feedback from car workshop teams. The first criterion,
WTR frequency, corresponds to the rate of passage of a vehicle in a workshop for a specific
service and is therefore linked to the frequency of use of a product. The higher the WTR,
the higher the probability of a product spill. The second criterion defines the application
target of the products used during the service rendered, i.e., the car part on which the
product was applied. Three cases could be distinguished: the product was used inside
the vehicle, but its flow was no longer possible because it was applied in a closed part of
the vehicle (for example, oil, brake fluid, coolant. . .), representing a low impact of 1; the
product was used inside the vehicle with a possible risk of flow (such as a degreasing agent
applied to the surface of mechanical parts like nuts), representing a medium impact of 2; or
the product was applied on the external surface of the vehicle, for example, leak detectors
applied to the surface of the tires, corresponding to high impact of 3. The third criterion
used for evaluating the probability factor was the phase of the product used during vehicle
maintenance or repair, i.e., aerosol, paste, or liquid. For each of these criteria, three values
could be assigned, i.e., 1, 2, or 3, permitting the calculation of the probability factor (Table 3).

Table 3. Rating of the frequency, target, and phase of the products to evaluate the probability
factor criteria.

Impacts Frequency Target Phase

Low = 1 WTR * < 10% Product used in the vehicle mechanics;
its flow no longer possible Aerosol

Medium = 2 WTR: 10–50% Product used in the vehicle mechanics;
its flow still possible Paste

High = 3 WTR > 50% Product used on the vehicle
external surface Liquid

* WTR: workshop ticket rate.

Although the possibility of human influence is also a criterion to be considered in
defining of the flow probability, its evaluation is quite difficult due to the diversity of the
practices put in place. In addition, the attention and rigor given to a task to be carried out
are specific to each mechanic. For these reasons, this criterion was not taken into account in
this study.

The probability factor was calculated by averaging the impact levels of each criterion
to obtain a factor between 1 and 3. Similarly, a second factor, called the prevention factor,
was calculated by considering whether means of prevention implemented to avoid or limit
the product flow on the ground exist. If there was a means of prevention, the lowest score
would be 1 (for example, brake fluid change using an automatic bleeder). In the opposite
situation, the highest score would be 3 (Table 4).

The leak risk score was then calculated by multiplying the mean leak probability factor
by the prevention factor. These two factors were used to develop a criticality matrix, with a
score between 1 and 9 (Table 5).
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Table 4. Rating on the prevention factor.

Impacts Prevention Factor

Low = 1 A prevention solution is systematically used by mechanics
Medium = 2 A prevention solution is partially used by mechanics

High = 3 No preventative solution exists

Table 5. Criticality matrix model.

Criticality Matrix

Probability

3 3 6 9

2 2 4 6

1 1 2 3

1 2 3
Prevention

The run-out risk score for each of the most used products in Norauto’s automobile
workshops, detailed previously (R1 to R9), was determined by multiplying the product
run-out probability factor by the impact of the prevention factor (Table 6).

Table 6. Product categories used in automobile workshops and criteria used for calculating leak
risk score.

Categories Code Frequency Target Phase Probability
Factor

Prevention
Factor Risk Score

Engine oil R1 2 1 3 2 2 4

Cooling liquid R2 2 1 3 2 3 6

Transmission oil R3 1 1 3 1.7 3 5.1

Penetrating oil R4 2 3 1 2 3 6

Rim cleaner R5 3 3 1 2.3 3 6.9

Leak detector R6 3 3 2 2.7 3 8.1

Brake fluid R7 1 1 3 1.7 1 1.7

Brake cleaner R8 1 1 3 1.7 3 5.1

Floor detergent R9 3 3 3 3 3 9

Table 6 can be visualized by Figure 1.
This matrix shows that the product with the lowest risk of spillage was brake fluid

(R7) due to the strong impact of its liquid phase. Its prevention factor was minimal since a
preventive solution was already used by the teams, based on feedback about workshop
practices. Detergent (R9) had the highest risk of spillage because it was used to clean the
workshop floors, making this a logical finding. The products (apart from detergent) with
the greatest risk of spillage were the rim cleaner (R5) and the leak detector (R6) used for
tire maintenance, as defined by a high frequency of use, application to the exterior surface
of the vehicle, and a non-existent means of prevention. Six of the nine product categories
studied had a probability factor equal to or less than 2, of which five had a run-out risk score
equal to or greater than 4, which shows the importance of implementing risk management
prevention tools when possible (R2 and R3) and to ensure their systematic use when they
are already in place (R1).
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Figure 1. Criticality matrix applied to modeling of the risk of spillage on the workshop floor.

The designed criticality matrix is still a conceptual tool. Its effectiveness needs to be
assessed in car workshops to determine its relevance and make improvements on the basis
of expert feedback. Nevertheless, to the best of our knowledge, this approach is innovative,
as it has not been widely used in the automotive workshop sector. However, the use of
the criticality matrix has largely proven itself for the management of risks linked to the
health and safety of employees, which in our opinion makes it a convincing tool that can
be applied to other sectors of activity, such as the one proposed in the present study. It
takes into account all the factors which make it possible to determine the risk of a product
leaking onto the floor, namely, workshop tickets and the frequencies of associated services,
the product phase and therefore its probability of dispersion, and the use of the product.
At present, feedback from a large-scale deployment of this criticality matrix is needed to
prove its relevance. Nevertheless, the implementation of a criticality matrix in automobile
workshops as a tool for preventing environmental risks is only a first step and cannot be
sufficient by itself. This tool must be supplemented with monitoring of the actions to be
implemented (for example, introducing prevention equipment to limit the risk of product
sales), which requires time and financial resources.

5. Conclusions

This literature review first describes the potential sources of organic pollution in a car
workshop during vehicle maintenance and repair. Services with a high risk of products
spilling onto the floor include changing tires (due to the shear stresses between the tires
and the ground), braking system servicing, fuel leaking from an injector, oil leaking during
engine and gearbox maintenance, used oil leaking during an oil change, improper storage
of used oil, maintenance of the coolant circuit, windshield washer filling, and the use of
detergents to clean the workshop floor and certain parts of the vehicle.

N-alkanes, PAHs, glycol ethers, and alkylbenzenes are the compounds to be monitored
as a matter of priority due to their presence in the most frequently used products in
automotive workshops and their high risk of flowing onto the ground. When hydrocarbon
separators are present and in good working order in the automotive workshop, n-alkanes,
PAHs, and alkylbenzenes are pre-treated on site. However, it seems necessary to reduce,
where possible, emissions of organic pollution at their source, upstream of this treatment
system.

In an approach to managing the environmental impacts of automobile workshops
on water, a flow criticality matrix, which is a widely used risk prevention management
tool, was applied to help professionals limit the risk of products spilling onto the floor.
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At present, the designed criticality matrix is still a conceptual tool, and its effectiveness
needs to be assessed in car workshops. Moreover, this study should be followed in the
near future by a quantitative and qualitative assessment of the effluents generated in
automotive workshops in order to identify pollution flows and evaluate the environmental
risk generated by this sector and, consequently, its contribution to municipal wastewater
treatment plants. Precise knowledge of the inputs and pollution generated by this sector,
as with other light industrial sectors, will raise awareness of the importance of protecting
water as a precious resource, which is one of the pillars of sustainable development.

In fact, the management of automotive workshop effluents will be a major challenge
for professionals in the sector in the years to come. In 2027, the member states of the Europe
will have to achieve the environmental objectives established by the WFD, which will
probably undergo a strengthening of controls on the quality of effluents and the polluter
pays policy. This issue is reinforced by the regular episodes of drought observed in France,
as well as at the European and world level. These are estimated to cause reductions in the
available water resources, resulting in a reduction in the recharge of groundwater bodies
of between 6% and 46% and a decrease in average river flows of 25% to 40% in France by
2070 [54]. Actions that can be implemented upstream of water discharge include raising
the awareness of all workshop stakeholders on water issues, replacing, when possible, the
products used with formulations that are better for the environment, and the integration
of prevention measures to limit the risk of products spilling onto the floor. To accompany
these recommendations, curative methods of treatment of car workshop wash waters are
recommended, such as improving the existing methods, developing new processes, or
making these treatments mandatory. For example, membrane filtration, electrodialysis,
adsorption, advanced oxidation, electrochemical processes, and biological systems seem to
be effective technologies to treat industrial effluents of various origins [55–60].

More generally, the current water crisis will, in future years, force public and private
actors to rethink the management of this resource by implementing sustainable water
saving and treatment solutions.
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