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ABSTRACT:

Lubricating oil, used in cutting equipment, works in the so-called open lubrication system and is entirely
emitted to the environment. When such an oil contains even a small portion of the crude oil-derived
fraction, which is still very common, the oil is a serious environmental pollution. In addition, the oil mist
poses a serious threat to the health of employees. Current legal regulations require users of saws and
harvesters to use only biodegradable oils. In the case of hydraulic oils used in machines and vehicles,
there is always a risk of leakage into the environment e.g. in case of breakage of connecting pipes or
other types of breakdowns. Therefore, it seems reasonable to postulate the use of biodegradable oils
in power hydraulics systems of machines used in forests, fields, mines or in rail or road vehicles. Bio-
degradable oil, most often, with base vegetable oil, is more expensive than lubricating oil produced
with the use of an oil-based oil base —i.e. a product of oil refining. Today, users of saws and harvesters
still use mineral lubricating oils from crude oil, without any attention to the negative consequences for
health and the environment. The known methods of the assessment of biodegradability of lubricating
oils are expensive and time-consuming. The paper proposes a principle of method and equipment for
performing a quick and cheap screening test for the presence of petroleum-derived fractions contain-
ing aromatic hydrocarbons in the analyzed lubricating oil samples. The test uses an oil fluorescence test
under UV light of wavelength A = 365 nm. The proposed method is simple and does not require special-
ist qualifications from the user. Easy-to-prepare equipment for repetitive testing in field conditions has
been described.
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Nowa metoda i wyposazenie do badania obecnosci i orientacyjnej oceny
zawartosci frakcji naftowej w olejach smarowych, szczegdlnie
emitowanych do srodowiska podczas uzytkowania

Stowa kluczowe: oleje smarowe emitowane do $rodowiska, badanie obecnosci / orientacyjna ocena
zawartosci weglowodordw aromatycznych, test terenowy, metodyka i wyposazenie, fluorescencja

STRESZCZENIE:

Olej smarowy, wykorzystywany w urzgdzeniach tngcych, pracuje w tzw. otwartym uktadzie smarowania
i w catosci jest emitowany do srodowiska. Wowczas, gdy taki olej zawiera nawet niewielkg czes¢ frakgcji
pochodzacej z ropy naftowej, co ciggle jeszcze ma nagminny charakter, olej stanowi powazne zanie-
czyszczenie Srodowiska. Do tego mgta takiego oleju stanowi powazne zagrozenie dla zdrowia pracow-
nikdw. Aktualne regulacje prawne wymagajg od uzytkownikow pilarek oraz harwesterdéw stosowania
wytgcznie olejéw biodegradowalnych. W przypadku olejow hydraulicznych stosowanych w maszynach
i pojazdach zawsze istnieje niebezpieczenstwo wycieku lub wylewu do otoczenia w przypadku peknie-
cia przewododw tgczacych albo innego rodzaju awarii. Celowy wydaje sie wiec tez postulat stosowania
biodegradowalnych olejéw w systemach hydrauliki sitowej maszyn uzytkowanych w lasach, na polach,
w kopalniach czy w pojazdach szynowych lub drogowych. Biodegradowalny olej, najczesciej z bazowym
olejem roslinnym, jest drozszy od oleju smarowego wyprodukowanego z zastosowaniem, nawet tylko
w czesci, naftowej bazy olejowej — produktu rafinacji ropy naftowej. Dzisiaj uzytkownicy pilarek oraz
harwesterdow ciggle jeszcze stosujg mineralne oleje smarowe z ropy naftowej, nie liczgc sie z negatyw-
nymi konsekwencjami dla zdrowia i srodowiska. Znane metodyki badania biodegradowalnosci olejow
smarowych sg kosztowne i czasochtonne. W pracy zaproponowano zasade wykonania oraz wyposaze-
nie do wykonania szybkiego i taniego testu przesiewowego obecnosci frakcji pochodzenia naftowego,
zawierajgcej weglowodory aromatyczne, w badanych prébkach oleju smarowego. Test wykorzystuje
badanie fluorescencji oleju w $wietle UV - A = 365 nm. Proponowana metoda jest prosta w wykonaniu
i nie wymaga specjalistycznych kwalifikacji od wykonawcy. Opisano tatwe w przygotowaniu wyposaze-
nie do powtarzalnego wykonywania badan w warunkach terenowych.

1. INTRODUCTION

Current legal regulations in Poland and in the Eu-
ropean Union require forest entrepreneurs and
operators of chainsaws and harvester to use only
biodegradable oils to lubricate the cutting system
i.e. the chain [1-3].

Polish General Directorate of the State Forests
published the decision of the General Director of
the State Forests No 243 of 14 September 2017
on making uniform templates for documents
regarding forestry services in all organizational
units of State Forests, informing that forest in-
spectorates obligatorily require the use of bio-
degradable oils in cutting systems. Appointed
inspectors are approved to take samples [2]. Un-
fortunately, despite the law regulations, many
operators still use inappropriate types of lubri-
cating oils, mainly because of economic reasons.
Lubricating oils consist of oil base and a package
of additives. The quantity, type and mutual pro-
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portions of the components determine the class
of the oil. In modern oils, the amount of additives
ranges from a fraction to several and approxi-
mately a dozen percent, and the remaining part
is the base oil. Thus, base oil material is the main
component (80-100% by volume) of the lubricat-
ing oil [4]. Due to the origin of base oils, mineral
oils (produced from crude oil), synthetic oils (i.e.
PAO, PAG) or oils of natural origin (vegetable or
animal) are distinguished [5]. The most common-
ly used base oil is petroleum originated oil. Its
production is cheaper than for synthetic or veg-
etable oil base. In addition, mineral oil is charac-
terized by good lubricating properties [6]. There-
fore, many users of saws and harvesters, but also
gardeners use mineral oils [6-9].

Oils used to lubricate the cutting system of a har-
vester cutter or pummel, work in an open lubri-
cating system which results in the oil emission to
the atmosphere.
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The emission of petroleum-based lubricating oils
negatively affects the human health, the ecosys-
tem and the environment [7]. The strength and
effects of the lubricating oil on the environment
are closely related to the type of oil and additives
[10-11]. Oil mist emitted during the operation
of the cutting device may penetrate through the
skin or through the respiratory system into the
human body [12]. These results in allergic reac-
tions, changes in internal organs (in the lungs,
in the liver, kidneys, adrenal glands and heart).
Moreover, long-term and regular contact with
the mist can lead to diseases related to the ner-
vous system or cancer, in particular skin cancer
[10, 13-14]. Additionally, by creating a film of
petroleum-based substance on the surface of
a water reservoir, disturbances in the oxygen ex-
change between the water and the atmosphere
occur, limiting the access to light and UV, causing
changes in the functioning of aquatic organisms
and lead to eutrophication [12, 15-16]. What is
more, soil contaminated with petroleum-based
lubricants becomes a hazardous material with
disturbed functioning of the ecosystem. Mineral
oil reduces the permeability of soils and the aer-
ation of groundwater, leading to soil degradation
due to oxygen deficit [11, 17-18].

Most of the crude oil components are slowly
biodegraded and at the same time enter into un-
avoidable interactions with environmental com-
ponents. As a consequence, the newly formed
secondary chemicals are mostly much more toxic
than the original ones, and have a possibly unde-
fined harmful influence on health [9, 19].
Biodegradability is one of the most important
requirement for oils used to lubricate open cut-
ting systems. Biodegradability is defined as the
distribution of complex organic compounds to
simple inorganic compounds under the influence
of microorganisms [19-20]. Within the European
Union, lubricating oils that enter the environ-
ment are subjected to an assessment of the rate
of biodegradation using 301 A-F tests developed
by the Organization for Economic Cooperation
and Development (abr. OECD). The tests deter-
mine the potential of the biodegradation and the
rate of biodegradation [1, 21]. The assessment of
the biodegradability of lubricating oils is compli-
cated, as they are poorly water-soluble. In addi-
tion, the composition of the lubricant is diversi-
fied, depending on the components and the set
of improvers. Therefore, it is necessary to select

the appropriate test for the assessment of bio-
degradability and apply an appropriate sample
preparation method [6, 22-23].

Oil meeting the requirements of the OECD 301B
test should be biodegraded in more than 60% af-
ter 28 days of the test conditions. It is assumed
that the total degradation of the remaining part
of the analyte will take place. The test results in-
dicate that this assumption is valid only for syn-
thetic and natural lubricating oils. Most of the
components derived from crude oil are slowly
degraded, as various chemical reactions occur
[1,9].

Known and widely applied biodegradability
tests for lubricating oils are expensive and time-
-consuming. This is why there is a need for de-
velopment of quick and simple methods for pre-
liminary evaluation of the composition of lubri-
cating oils. Fast methods and simple protocols
have been developed for similar applications, e.g.
non-expensive identification and group separa-
tion of compounds enabling fast screening of oils,
fuels and related samples, without extensive and
complex samples separation or for the assess-
ment of analytical material’s quality [24-26]. In
this paper we propose a fast and cheap screening
test named as “a drop test”. The test is simple to
perform and does not require specialized service.
The proposed preliminary method for the assess-
ment of the presence of petroleum-based frac-
tions in a sample of lubricating oil is based on the
fluorescence phenomenon of petroleum fractions
when irradiated with UV light. Petroleum-based
oils are mixtures of aliphatic, aromatic, and high
molecular weight organic compounds. Such oils
contain polycyclic aromatic hydrocarbons (PAHs)
that have inherent fluorescence, with emission
spectra and optimal excitation and emission
wavelengths dependent on the chemical com-
position of the oil [27-28]. This is why the fluo-
rescence spectroscopy is widely exploited in the
petroleum industry, due to e.g. high sensitivity,
good diagnostic potential and relatively simple
instrumentation [29]. The characteristic fluores-
cence of the petroleum-based fractions contrary
to the lack of fluorescence of commercially avail-
able high-quality biodegradable lubricating oils is
the basis of the method proposed in this paper.
The proposed drop test method is intended for
preliminary screening for the presence of a pe-
troleum-based fraction in the oil sample. The
presence of these fractions is indicated by blue or
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light blue fluorescence of the sample in the pro-
posed test conditions. It is worth of note that this
test may be performed on-site and it is the first
step of a multi-step procedure for determination
of a group-type composition of a lubricating oil
sample [30-31]. In this paper, the equipment as
well as the results of a drop test method for both
accepted standard samples and commercially
available lubricating oils are presented.

2. EXPERIMENTAL

2.1 Materials

In order to find the differences between the sam-
ples of lubricating oils and bases of oils of various
types based on the fluorescence phenomenon,
fifteen samples of oils of different chemical com-
position were used for the drop tests. These sam-
ples are as follows:

1. Vegetable oil — fresh rapeseed oil (non eruc)
Vegetable oil — sunflower seed oil

Animal oil — fish oil, liquid fraction

Food processing used oil — frit

. Used oil — oil from fat plants from the process
of refining vegetable oil

6. Deodorised oil

7. PAO synthetic oil (poly-alpha-olefins)

8. Synthetic oil — commercially available

9. High-quality vegetable oil with enriching addi-
tives — commercially available

10. Commercially available biodegradable oil of
low quality (mixture of mineral oil and vegetable
oil 1:1)

11. Oil of petroleum origin — commercially avail-
able

12. Technical FAME

13. Base oil SAE 30

14. Base oil SAE 10

15. Brightstock.

Previous investigations in our research team us-
ing HPLC method revealed that the oil sample de-
picted by no 10 is a mixture of petroleum-based
and vegetable oil, in proportions about 1:1 by
volume.

SIFNVIN

2.2 Equipment

The authors proposed a simple equipment that
allowing for the repeatable comparison of the
fluorescence properties of the oil samples. The
proposed equipment used to perform the test
includes:

e Photographic chamber — impermeable to
visible light (made of cardboard), dimensions:
245 x 105 x 210 mm with two holes drilled in the
upper base (for the camera with a diameter of
10 mm, for a flashlight — of 30 mm (Fig. 1 and 2),
e Camera (mobile phone: Samsung Galaxy S3,
matrix: 8 Mpx, resolution: 3264 x 2448 pxs, sensi-
tivity according to ISO 80-1600, F2.6 lens),

e LED lamp emitting UV light with - 365 nm wave-
length — (Producer: MR Chemie),

e Black matt plate made of acrylonitrile —
butadiene-styrene  copolymer,  dimensions:
90 x 50 x 10 mm with 8 holes (diameter of 10 mm
and depth equal to 7 mm) (Fig. 3 and 4),

e 100 pl automatic pipette, or syringe if neces-
sary,

¢ Disposable tips with a capacity of 100 pl.
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Figure 1 Photographic chamber for drop
test performance — dimensions
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Figure 2 Top view of the photographic chamber to perform
the drop test
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Figure 3 Proposed plate for the drop test performance
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Figure 4 Dimensions of the plate for the drop test
performance — cross-section (A-A) and overall plan

2.3 Methods

The investigated oil material is introduced into
the hollowed cylinder in the black matte plate
(Fig. 1 and 2) in a volume of 20 pl. After filling all
the reference and test samples onto the plate, the
plate is placed in a photographic chamber (Fig. 3
and 4). Then, pictures are taken of the samples
irradiated by the ultraviolet light with the exci-
tation wavelength A =365 nm, emitted by the LED
lamp. For excitation wavelength of 365 nm, fluo-
rescence is observed mainly for petroleum-based
oil, however vegetable oils may also reveal UV flu-
orescence but for different wavelengths [32]. The
evaluation of the results is realized by the visual
analysis based on the comparison of the intensity
or lack of fluorescence of the oil samples in com-
parison with fixed standards i.e. oils of known
composition. The use of a proposed photograph-
ic chamber supports repeatable conditions of the
measurement i.e. photographic picture is always
taken for the same mutual location of oil samples
with respect to both the UV light source as well
as the camera’s lens, which strongly affects the
results [33].

3. RESULTS AND DISCUSSION

The drop test is intended to determine the pres-
ence (or absence) of the petroleum-based oil frac-
tions in the investigates oil. The detection limit of
the method, (own research, not published yet) is
approx. 3% by volume of the mineral-based oils.
The test uses the characteristic fluorescence of
aromatic hydrocarbons — unsubstituted, aliphat-

ically substituted, alicyclic or monocyclic — which
fluorescence is low-intensively blue, to polycyclic —
showing intense fluorescence of light-blue color.
In the case of the sample containing oil of petro-
leum origin or other components derived from
crude oil in a concentration higher than the limit
of detection (abr. LOD) for the described method
(in the range of 0.5-9% v/v depending on the type
of the oil — own research, not published yet) in
the excitation wavelength A = 365 nm (UV lamp)
fluorescence occurs (as light blue or blue fluores-
cence).

The occurrence of the fluorescence described
above informs about the presence of petroleum
fraction. The occurrence of blue and dark blue
fluorescence indicates a very high probability of
the occurrence of a monocyclic structures, i.e.
benzene, in the investigated material and/or its
aliphatic and alicyclic derivatives. Such oil may
contain a very high-refined base oil of petroleum
origin, low-volatile alkylate or petroleum oil (i.e.
turbine oil, other types of oils subjected to a cat-
alytic hydrotreating process). In the absence of
fluorescence during the drop test, it can be con-
cluded that no petroleum-based oils and its deriv-
atives are present or their concentration is lower
than in the approx. 9% (v/v) (own research, not
published yet). If the oil sample does not show
fluorescence, it may preliminary be classified as
biodegradable and be allowed for application in
forestry operations. On the other hand, its oil
base and enriching additives may include vegeta-
ble or animal oils as well as mixtures. Such oil may
also contain a biodegradable synthetic polyester
oil base and other components of this type (most
often derivatives of succinic acid), an oil base and
poly-alpha-olefin (abr. PAO) type components, or
mixtures (currently used in high-quality engine
oils).

The content of the hydrocracked or isomerized
petroleum-based oil is also not excluded in the
drop test. Such oil bases consisting of very sta-
ble, usually synthetic compounds of chemical
polymers and are similar to poly-isoethylene or
poly-isopropylene, but with lower molecular
weights, or, to synthetic polyesters and their vari-
ous mixtures. In this case, no UV light absorption
in the excitation wavelength A = 360 nm occurs
and no phenomenon of fluorescence occurs.
Synthetic polyesters belong to the group of com-
pletely biodegradable organic chemical com-
pounds, although their biodegradability is rel-
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atively slow. However, poly-alpha-olefins (abr.
PAO) are biodegraded after a very long time.
However, there are no objective reasons to dis-
cuss the toxic influence to the organisms in this
case, as PAOs are completely inert to microorgan-
isms. However, PAO residues in the soil, or on the
surface waters, in the form of a film of water-in-
soluble organic liquid phase, can pose a signifi-
cant ecological threat. The result of investigations
regarding all mentioned samples are presented in
the Figure 5. In the case of vegetable, animal and
synthetic oils (samples 1, 2, 3,4,5, 7, 8,9 and 12),
fluorescence was not observed, which indicates
that the given oil sample did not contain any
petroleum fraction, or the fraction content was
below the LOD of the proposed method. In the
case of samples 10, 11, 13, 14 and 15 both, light-
-blue and blue fluorescence was detected, which
indicates the presence of the petroleum oil frac-
tion in the oil composition. In the case of sample
10, the fluorescence was dark blue as it is an oil
composed of a mixture of petroleum oil bases, as
depicted in point 2.1.

Figure 5 Results of the drop test of 15 oil samples:
1 — Vegetable oil — fresh rapeseed oil (non eruc);
2 — Vegetable oil — sunflower seed oil; 3 — Animal oil — fish
oil, liquid fraction; 4 — Food processing used oil — frit;

5 — Used oil — oil from fat plants from the process of
refining vegetable oil; 6 — Deodorised oil; 7 — PAO
synthetic oil (poly-alpha-olefins); 8 — Synthetic oil —
commercially available; 9 — High-quality vegetable oil with
enriching additives — commercially available;

10 — A mixture of vegetable and petroleum oil —
commercially available; 11 — QOil of petroleum origin —
commercially available; 12 — Technical FAME; 13 — Base oil
SAE 30; 14 — Base oil SAE 10; 15 — Brightstock

4. CONCLUSIONS

The problem of emission of petroleum-based
lubricating oils into the environment is gaining
attention. All lubricating oils working in open
cutting systems, emitted or hydraulic oils, poten-
tially emitted to the environment should contain
only readily biodegradable ingredients in order
to eliminate the negative impact on the environ-
ment and possibly on human health. The pro-
posed method for evaluating the petroleum oil
fraction presence in an oil sample, using “a drop
test”, may be performed on-site as a preliminary
and screening test. A multi-step laboratory inves-
tigations of the group-type composition of lubri-
cating oils are however indispensable for precise
guantitative analysis of an oil sample composi-
tion.

Proposed drop test method and proposed ade-
quate equipment to perform the field test’s does
not require the need of sample preparation. Ad-
ditionally, no additional chemicals are used and
the test is fast to perform. The test is simple and
does not require specialized equipment or instal-
lation and both investment and operational costs
are low.
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