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ABSTRACT

Fuel adulteration remains a persistent challenge across the Indian subcontinent,
driven by episodic price surge and supply constraint and turpentine oil is a
versatile essential oil with variety of uses and applications in industrial, medicinal,
and personal care fields. Among various illicit practices, the substitution or dilution
of turpentine oil with kerosene has emerged as a prevalent method employed
by unscrupulous vendors to maximize profit margins. The paper highlights the
detection and characterization of the adulteration of turpentine oil with kerosene
through a multi-tiered analytical approach integrating with conventional and
advanced techniques. A comprehensive suite of analytical methods was employed
to identify kerosene adulteration in turpentine oil. Preliminary screening
involved physical property assessment (density, refractive index and qualitative
chemical tests. These were followed by Thin Layer Chromatography (TLC) for
component separation and Gas Chromatography (GC) for precise identification
and quantification of kerosene-specific aliphatic and aromatic compounds. Recent
innovation like surface Plasmon Resonance Biosensors and Ultrasonic helical
Waveguide Sensors have significantly enhanced the sensitivity, specificity, and
operational efficiency of fuel adulteration detection. The integration of traditional
and advanced analytical modalities provides a robust framework for forensic and
regulatory surveillance and support scalable deployment in field and laboratory
settings.
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Turpentine oil is a volatile, colorless to
pale yellow essential oil obtained primarily
through the distillation of resin extracted from
coniferous trees, particularly species of Pinus.!
Chemically, it is composed predominantly
of monoterpenes such as a-pinene, B-pinene,
and camphene, which contribute to its
characteristic odor and solvent properties.?
Owing to its high solvency, rapid evaporation
rate, and compatibility with resins and oils,
turpentine oil finds extensive applications
in the manufacture of paints, varnishes,
pharmaceuticals, disinfectants, and as a raw
material in the synthesis of aroma compounds
and insecticides.

In the Indian subcontinent, the economic
value and industrial value for turpentine
oil have rendered it susceptibility to
adulteration, particularly during periods of
price inflation or supply scarcity. A common
adulterant is kerosene, a petroleum- derived
hydrocarbon mixture readily available and
significantly cheaper than turpentine oil. The
physiochemical similarity between the two
liquids, especially in terms of appearance and
volatility, facilitates undetected substitution
or dilution. From an economic standpoint,
such adulteration enables vendors to increase
profit margins while circumventing regulatory
oversight.

However, the adulteration of turpentine oil
with kerosene poses serious disadvantages.
Functionally, it compromises the performance
of turpentine oil in industrial formulations,
leading to altered drying times, reduced

solvency, potential incompatibility with resins
and pigments. Toxicologically, kerosene
contains polycyclic aromatic hydrocarbons
(PAHs) and sulfur compounds that pose
heath hazards upon inhalation or dermal
exposure, particularly in pharmaceutical or
domestic applications.* Moreover, adulterated
turpentine oil may corrode equipment, emit
harmful fumes, and violate safety standards in
regulatory industrial coursework.

Given these concerns, the detection and
characterization of kerosene adulteration in
turpentine oil are vital for quality assurance
and regulatory enforcement. The paper
underscores a multi-tiered analytical approach
to detect kerosene adulteration. Preliminary
screening was conducted using qualitative
colorimetric  tests based on chemical
reactivity. These were followed by Thin
Layer Chromatography (TLC) for component
separation and Gas Chromatography (GC)
for definitive identification and quantification
of hydrocarbons profiles. This integrative
methodology ensures both rapid screening
and confirmatory analysis thereby enhancing
the reliability of adulteration detection.

Analytical Techniques
Physical Tests

Several physical tests were performed are
these adulterated samples along with standard
samples of kerosene and standard sample of
turpentine* and the results are summarized in
Table 1.

Table 1: Comparative Physical Properties of Adulterated Turpentine Oil, Kerosene Oil, Turpentine Oil

Parameters Adulterated turpentine oil Standard kerosene oil ~ Standard turpentine oil
Odour Mixed odor: pme—ﬁkelfﬁg}f(i?;i; r:asked by petroleum- Intense oily odor, Strcgljlgi :?ﬂcieagcc)g:ﬁc,
Colour Pale yellow to light yellow Colorless to water-white Yellow
Inflammability Highly inflammable Highly inflammable Highly inflammable
Nature Oily liquid Oily liquid Oily liquid
Refractive Index (nD, 20°C) ~ ~1.460* (intermediate between kerosene and turpentine) 1.440-1.450 1.465-1.478
Specific gravity at 28°C ~0.794* (closer to kerosene due to dilution) 0.790-0.810 0.840-0.868

*May vary based on the amount of adulteration and adulterants

Color Tests

All the reagents were analytical reagent
grade. Distilled water was used throughout
the study.

e Sulfuric Acid Test:

Principle: aromatic and aliphatic hydrocarbons
in kerosene react with sulfuric acid to yield
colored complexes.

Procedure: 5mL of adulterated sample was
mixed with 0.5 ml of concentrated sulfuric acid
in a clean test tube and shaken gently.
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Observation: A brown to reddish-brown
coloration at the interface indicates the
presence of kerosene. Pure turpentine oil
typically shows no such coloration.

¢ Ferric Chloride - Hydrochloric Acid Test

Principle: the test checks the reactivity of
terpenic compounds in turpentine oil with
ferric ions under acidic conditions. When
turpentine oil is present it forms a light yellow-
green colored layer upon reaction with ferric
chloride with hydrochloric acid. This color
change is attributed to complex formation
between ferric ions and unsaturated terpenes
such as a-pinene, B-pinene.

Procedure: take 5mL of the suspected
turpentine oil (possibly adulterated with
kerosene). Add 0.5 mL of 5% aqueous ferric
chloride (FeCl,) solution. Add few drops of
concentrated hydrochloric acid (HCI). Shake
gently and allow the mixture to settle.

Observation: Formation of a light yellow-
green colored layer indicates the presence of
turpentine oil in the kerosene.

Thin Layer Chromatography (TLC)

Methodology: standard TLC plates were
prepared by coating with a slurry of silica
gel G in distilled water to achieve a uniform
thickness of approximately a uniform thickness
of approximately 0.25 mm. The coated plates
were subsequently activated by heating in
a hot-air oven at 110°C for 1 hour to remove
the residual moisture and enhance absorptive
capacity. Aliquots of standard turpentine oil,
standard kerosene oil, and an adulterated
turpentine oil sample were carefully spotted
onto the activated plates using calibrated
micropipettes. Chromatography development
was carried out in pre-saturated TLC chamber
using a binary solvent system of chloroform:
benzene (50:50 v/v) as the mobile phase. The
solvent front was allowed to rise to a height
of 10 cm. After development, the plates were
air-dried and subsequently sprayed with 50 %
sulfuric acid reagent. Inmediate visualization
revealed brown colored spots corresponding
to turpentine constitutes. In contrast, kerosene
fractions developed black-colored spots only
after secondary heating of the plate at 90°C
for 30 minutes, indicating compositional
differences in hydrocarbons classes. The Rf
values of three system are shown in Table 2.

Table 2: Rf values of the three systems are as follows:

Sample Rf values
. . 0.05, 0.10, 0.15, 0.20, 0.35, 0.75,
Adulterated turpentine oil 0.80, 0.85, 0.90
Standard kerosene oil 0.75, 0.90
Standard turpentine oil 0.05, 0.10, 0.18,8(;20, 0.35, 0.80,

Interpretation: standard turpentine oil
exhibited multiple Rf values in the lower range
(0.05-0.35), corresponding to monoterpenes
such as a-pinene and [-pinene, along with
higher Rf values (0.80-0.85) for less polar
constituents. Standard kerosene oil showed
distinct bands at higher Rf values (0.75,
0.90), consistent with non-polar aliphatic
and aromatic hydrocarbons. Adulterated
turpentine oil displayed a composite profile
incorporating both turpentine-specific
bands (0.05-0.35, 0.80-0.85) and kerosene-
specific bands (0.75, 0.90), thereby confirming
adulteration.

Gas Chromatography (GC)

Gas chromatography analyses were performed
using a Chemito 8610 HT Gas Chromatography
equipped with a Flame Ionization Detector
(FID). The parameters’ are shown in Table 3.

Table 3: Shows the chromatographic parameters were optimized
as follows:

Parameters Rf values

Sample injection volume 1upL

Oven temperature program  90°C to 230°C (isothermal ramp)

Air flow rate 1.4 bar
Hydrogen flow rate 1.2 bar
Carrier gas (nitrogen) flow rate 1.0 bar
Injection port temperature 240°C
Detector temperature 230°C

Column 5% SE-30 packed column

Run time Minimum 10 minutes

Aliquots (1 pL) of standard turpentine
oil, standard kerosene oil, and adulterated
turpentine oil samples were injected under
identical condition. In addition, a series of
controlled mixtures of turpentine oil and
kerosene (ratios 9:1, 8:2, 7:3, 6:4, and 5:5 v/v)
were prepared and analyzed to establish
comparative chromatographic profile.

Standard kerosene oil produced broad
peaks in the higher retention time range
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(>7.0 minutes), characteristic of aliphatic and
aromatic hydrocarbons Figure 1. Standard
turpentine oil exhibited multiple peaks
corresponding to monoterpenes with retention
time typically below 7.0 minutes Figure 2.
Adulterated turpentine oil samples displayed
composite chromatograms, with early eluting
terpenes peaks (0-7 minutes) and additional
kerosene- associated peaks appearing beyond

7.0 minutes Figure 3. Retention time and
peak areas beyond 7.0 minutes in adulterated
sample were compared with those of standard
kerosene and turpentine. By correlating the
relative peak areas of adulterated samples
with those of known mixture ratios, the extent
of kerosene adulteration in turpentine oil was
quantitively estimated.
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Figure 1: G.C. graph of Kerosene
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Figure 2: G.C. graph of Turpentine oil
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Figure 3: G.C. graph of Kerosene Adulterated Turpentine oil
Advancement

Nanomaterial based sensors

Nanotechnolo have  enabled the
development of highly sensitive sensors
for hydrocarbons detection.® Metal oxide
nanostructure (ZnO, TiOZ, Sn0O,) exhibits
changes in electrical conductivity when exposed
to kerosene vapors.’” Carbon nanomaterial
(graphene, carbon nanotubes) provide
enhanced surface area and electron mobility,
allowing detection of adulterants at ppm
level.® These sensors are portable inexpensive,
and capable of real-time monitoring, making
them promising for easy screening of samples.

Surface Plasmon Resonance Biosensors
(SPR

Operates in the terahertz frequency regime,
detecting refractive index changes between
different samples.” When integrated with
machine learning algorithms (e.g-CatBoost,
support Vector machines), SPR sensors
achieve automated classification of adulterated
samples with high accuracy.”” This approach
reduces human error and provides rapid,
non-destructive analysis.

Phase-Selective Organogelators (PSOGs)

A breakthrough reported by IIT Guwahati
researchers involved the use of organogelator
materials." These compounds selectively gel

hydrocarbons like kerosene enabling visual
detection. It has dual utility as it can absorb
oil spills, making them environment friendly
and provides simple, field-deployable method
without sophisticated instrumentation.

DISCUSSION

The detection of kerosene adulteration in
turpentine oil presents important analytical
limitations. Both liquids share similar
physical parameters, containing density,
refractive index, and viscosity which often
reduces routine physicochemical screening
inconclusive. Furthermore, the odor profile
of kerosene is readily masked by the strong
resinous odor of turpentine, and the two
liquids exhibit common miscibility across all
ratios, confusing uncovering through simple
sensory or solubility-based assessments.
These issues collectively delay speedy and
reliable perception in forensic casework.
In such cases, the application of sensitive
tests has critical significance. The prescribed
methods comprising qualitative colorimetric
assays, Thin Layer  Chromatography
(TLC), and Gas Chromatography (GC)
provide complementary layers of evidence.
Colorimetric tests allow speedy preliminary
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screening of the sample, while TLC offers
preliminary separation of terpene constituents
from kerosene hydrocarbons, yielding
distinctive Rf values. GC, with its superior
resolution and quantification capability,
serves as the confirmatory tool, letting precise
estimation of adulterant levels through
retention time and peak area comparisons.
Emerging technologies promise to further
enhance sensitivity, portability, and real-time
applicability. Nanomaterial-based sensors
using metal oxides and carbon nanostructures
can identify hydrocarbon vapors at trace
levels, offering rapid on-site screening.'
Surface Plasmon Resonance (SPR) biosensors,
particularly when combined with machine
learning  algorithms, allow automated
classification of adulterated samples based
on refractive index changes, reducing human
bias.”® The integration of these progressive
platforms into forensic workflows could
transform case analysis by enabling field-
deployable, high-precision detection systems.

CONCLUSIONS

Turpentine oil is a versatile and valuable
substance with a rice history of numerous
applications and it is primarily used as a
natural solvent in the paint and varnish
industries, offering solvency for resins,
waxes, oils etc., but kerosene adulteration
in turpentine oil is commonly seen to gain
more profit margin. The present paper
demonstrates that a multi-tiered analytical
approach comprising qualitative colorimetric
tests, Thin Layer Chromatography (TLC), and
Gas Chromatography (GC) provides a reliable
and scalable framework for both preliminary
screening and confirmatory analysis.

The addition of these methods reinforces
the forensic reliability and evidentiary value
of adulteration analysis. By letting accurate
detection and quantification of kerosene in
turpentine oil, these protocols enhance the
capacity of Forensic Science Laboratories
(FSLs) to deliver timely and scientifically
robust conclusions. This, in turn, helps law
enforcement and investigative authorities in
controlling fraudulent procedures, ensuring
consumer protection, and upholding industrial
standards. Importantly, the availability of rapid
screening tests at the scene of crime facilitates
preliminary examination, thereby expediting
case disposal and reducing the incidence

of cheating-related offences in society. The
implementation of these multi-tiered analytical
strategies not only addresses the inherent
challenges posed by the physicochemical
similarity of turpentine and kerosene but also
establishes a practical framework for routine
forensic and regulatory surveillance. The
blend of sensitivity, accuracy, and operational
possibility makes these approaches highly
relevant for day-to-day casework analysis and
larger societal impact.

REFERENCES

1. Francezon N, Stevanovic T. Conifer resins
and essential oils: Chemical composition and
applications. Chemistry of Lignocellulosics:
Current Trends. CRC Press; 2018;1:231-52.

2. Chemical Composition of Turpentine
[Internet]. Gum Spirits of Turpentine. [cited
2025 Nov 22]. https:/ / gumspiritsofturpentine.
com/ properties-and-uses-of-turpentine/
chemical-composition-of-turpentine/.
Accessed 22 Nov 2025

3. Kakodia AK, Chobdar S, Awasthi S, Kant R.
Kerosene: Risk assessment, environmental and
health hazard. Hazardous Chemicals. Elsevier;
2025. p. 219-33.

4. Faculty of Forestry, Malang Agriculture
University, Malang, Sukarno A. Physical
Properties of Turpentine and Gum Rosin
Pinus merkusii Jungh et de Vriese Tapped
Oleoresin by Borehole Method. JELS [Internet].
2018 [cited 2025 Nov 22];8:43-6. https://doi.
org/10.21776/ ub.jels.2018.008.01.07.

5. 164.100.117.138/pdfs/chemistry manual.
pdf#page=6.00 [Internet]. [cited 2025 Nov 22].
http://164.100.117.138/ pdfs/ chemistry %20
manual.pdf#page=6.00. Accessed 22 Nov 2025.

6. Siddique IM. Exploring the World of
Sensors-Advancements in Nanotechnology.
The Pharmaceutical and Chemical Journal.
2022;9:160-8.

7. Raj VB, Singh H, Nimal A, Sharma M, Gupta V.
Oxide thin films (ZnO, TeO2, SnO2, and TiO2)
based surface acoustic wave (SAW) E-nose
for the detection of chemical warfare agents.
Sensors and Actuators B: Chemical. Elsevier;
2013;178:636-47.

8. Rajendrachari S, Basavegowda N, Adimule
VM, Avar B, Somu P, RM SK, et al. Assessing
the food quality using carbon nanomaterial
based electrodes by voltammetric techniques.
Biosensors. MDPI; 2022;12:1173.

JECT / Volume 12 Issue 1/ January-June 2026



10.

11.

Vinod Dhingra, Amit Kumar Choudhary, Annwesha Mazumdar. Detection and Identification 19
of Kerosene in Turpentine Oil: A Review

Almawgani AH, Wekalao ], U AK, Patel
SK, Alkorbi AS, Jalalah M, et al. Design and
optimization of encoded and tunable graphene-
silver metasurface surface plasmon resonance
sensor for detection of low refractive index
variation in terahertz regime. Plasmonics.
Springer; 2025;20:4439-49.

Ravindran N, Kumar S, M Y, S R, CA M,
Thirunavookarasu S N, et al. Recent advances
in Surface Plasmon Resonance (SPR) biosensors
for food analysis: A review. Critical Reviews in
Food Science and Nutrition. Taylor & Francis;
2023;63:1055-77.

Tribune TA. IIT Guwahati develop gelator
material to detect fuel adulteration, tackle
oil spills [Internet]. 2025 [cited 2025 Nov 22].

12.

13.

https://assamtribune.com/guwahati/iit-
guwahati-develop-gelator-material-to-detect-
fuel-adulteration-tackle-oil-spills-1598404.
Accessed 22 Nov 2025.

Broza YY, Haick H. Nanomaterial-based
sensors for detection of disease by volatile
organic compounds. Nanomedicine. Taylor &
Francis; 2013;8:785-806.

Wekalao J, Mandela N, Langat W, Wamalwa
C. Enhanced fuel adulteration detection using
surface plasmon resonance biosensor with
machine learning optimization in the terahertz

regime. Plasmonics. Springer; 2025;20:3355-79.

JECT / Volume 12 Issue 1/ January-June 2026



