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Abstract: To be effective, chromatography methodology requires specific tailoring to match the properties of the mixture
being separated. In this study, an alkane standard mixture of hydrocarbons (nCs — nCas0) was used to develop the method
to identify the hydrocarbons present in an oil contaminated environment. To do this, the boiling point of the mixture, the
column temperature, the inlet temperature and the flow rate of the chromatography equipment were varied until
separations between the components were observed. To validate this method, pure compounds of hexadecane, nC1s
(0.765 mg) and undecane, nC11 (0.733 mg) were used. Interestingly, the elution time of nC1 was in accordance with
that obtained for nC1s from the standard mixture of alkane. It was observed that the elution time of nC11 was between
the elusion times for nC1 and nCi2. The significance of these findings is that the proposed method can be used to
identify a wide range of hydrocarbons in a mixture, which can be applied in environmental remediation of contaminated
soils as hydrocarbons can be clearly and distinctively separated and identified.
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1. Introduction

Environmental analysts rely on chromatography to identify and quantify the concentration of petroleum contami-
nants in the soil. Several analytical techniques are available to characterise and measure the types of hydrocarbon
concentration in an oil field or in a laboratory. Some techniques include standard gas chromatography with flame ioni-
sation (EPA Method 8015B) [1-6], gravimetric determination (EPA Method 1664A) [7,8], infrared spectrophotometry
(EPA methods 418.1, 8440, and 9071B) [9,10], turbidimetry screening (EPA Methods 2004c) [11], gas chromatography
with mass spectrometric detection (GC/MS) (EPA Methods 8270 and 625), immunoassay (EPA Methods 4030 and
4035), spectroscopy and gas chromatography method [12]. Adeniji [13] provided a summary of these techniques.
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Gas chromatography (GCs) enables the quantitative analysis of a wide range of volatile and semi-volatile hydro-
carbons (n-alkanes from C10 to C40, boiling range from 175 °C to 525 °C) [6] [29]. However, GCs detection limits are
method and matrix-dependent [8]. The United States Environmental Protection Agency (USEPA) and International
Standards Organization (ISO) prefer GC methods and detectors for compliance monitoring of total petroleum hydrocar-
bon (TPH) content because of their high selectivity, sensitivity, and resolution over a wide range of hydrocarbon con-
centrations [14—16]. These regulatory agencies have set 50 mg/kg of soil as the baseline standards for TPH measure-
ment. This is the global parameter that is used to establish target soil clean-up levels after an oil spillage event [17-19].
Moreso, 1ISO 16703 (ISO, 2004) is an internationally accepted method to obtain TPH concentrations from C10 to C40
[20]. For the above reasons, most countries [8] employ a TPH-based criteria for site monitoring and clean-up because
it enhances the ability to confirm the extent of pollution in a contaminated soil, compared with the regulatory baseline.

Various detectors can be used with the GC systems, and a number of researchers have studied such methods
[21-23]. Flame ionisation detector, which has a signal proportional to the concentration of the analyte in the carrier
gas, is often used for environmental analysis [24]. Flame ionization detectors are reliable and sensitive to molecules
that are ionized in a hydrogen—air flame, including most carbon-containing compounds such hydrocarbons [25].

Petroleum products are classified based on the volatility of the analyte, boiling point range of the components, and
the families of chemical compounds present in the sample [26]. Detection of petroleum hydrocarbons in soil can be
done using gas chromatography based on their configuration.

However, some on-site applications are not suitable because they are time-consuming, bulky and requires high
energy consumption. Two types of field GCs have been developed for measuring the release of petroleum concentra-
tion in oil spill contaminated sites in the field [27,28]. These GCs are lightweight and can be easily carried in the field,
offering results within 10mins of analysis time. Portable GCs tend to use photoionization detectors (PIDs), which are
most sensitive to aromatic hydrocarbons with lower ionization energies, thus, unable to detect light aliphatic compounds
[29]. PIDs uses an ultraviolet (UV) light source to break down VOCs in the air into positive and negative ions. The PID
then detects or measures the change of the ionized gas, with the charge being a function of the concentration of VOCs
in the air [30]. Due to GCs components configuration, the GC equipment requires a stable environment to function; the
energy supplies of Portable GCs needed for rapid temperature ramping are limited and hence are heated isothermally
to obtain consistent and comparable results. William and Fisher [27] reported using this device for screening the study
of VOCs soil gas, soil, and water samples.

Transportable GCs are mobile laboratory units, but unlike portable GCs, they require external power and gas
supplies and are hence capable of providing better constituent separation and, therefore, more accurate identification
and quantitation of the hydrocarbon constituents. The possibility of greater constituent separation is possible with this
device because it uses longer capillary columns (30 to 60 m) versus 10 to 15m used in portable GCs. In addition, rapid
temperature ramping of transportable GC columns and consistent temperature control of the entire GC system provide
better separation and reproducibility than the isothermal heating of portable GCs. Many transportable GCs are certified
to carry out U.S.EPA, SW-846 methods and as a result can to provide data in the field that are equivalent to the data
obtained in Laboratory [29]. Both flame ionization detector and photoionization detectors can be used as detectors with
transportable GCs. However, environmental control is needed, which could vary from inside a truck, under a shade, or
a mobile laboratory for the gas cylinders and energy supplies.

The evolution in design and performance of portable GC units makes it possible to confirm the identity of environ-
mental contaminants and quantifies their concentrations, hence enabling these systems to meet the advancing needs
of the field detection and measurement rapidly and reliably. Field GCs provide quantitative, constituent specific analysis
of volatile and semi-volatile hydrocarbons in part per billion (ppb) ranges for soil, soil-gas, and water with a lower detec-
tion limit of between 1 to 10 ppb, depending on the method and equipment employed [29]. The technology has been
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deployed for various commercial applications. For example, Defiant Technologies [28] invented a handheld microsystem

(FROG-4000TM) capable of detecting BTEX and other volatile organic compounds (VOCs) in the soil in situ.
Chromatography methodology requires specific tailoring to the process it will be applied to, consequently, hence

the purpose of developing the current GC methodology was to separate and analyse petroleum hydrocarbon in an oil-

contaminated field. In particular, the overall aim of this research was to develop a GC methodology for detecting and

quantifying the different range of hydrocarbon in an oil spill sample matrix in Niger Delta area in Nigeria. To achieve this

aim, the following objectives were outline for study.

Identify the column with the polarity suitable for analysing non-polar compounds.

Standardise the GC equipment using alkane standard mixture ranging from Cs — Cao.

Optimise the equipment using the physical properties of the target compounds.

Validate the accuracy and precision of the gas chromatography method.

Identify and quantify the concentration range of the field soil samples using the GC-FID developed method.

S

Assess the percolation and concentration levels of the pollutants within the sampling area and comparing them
at different depths.

The major contribution of this research is that the validated methodology can be used to detect and quantify
hydrocarbons in oilfields across the globe. This will enhance the response time for remediation and clean up of oil
spillages. The outline of the paper is organised as follows. Next, research methodology including materials,
instrumentation, method development and optimisation and method validation are presented. Section 3 presents the
results and discussions. Section 4 presents the conclusions of the study.

2. Research Methodology

GC describes all chromatographic methods in which the mobile phase is a gas and involves either liquid or a
solid stationary phase retained on a column wall [31]. During GC analysis, the sample of interest is injected into the
system [32], however, the sample had to be vaporized if not already in the gaseous phase. The carrier gas is usually an
inert gas such as helium, which transfers the sample’s components through the GC column. During transfer of the
sample through the GC, the column temperature is increased at a specified rate based on the properties of the compo-
nents to be separated or in an isothermal mode. Each of the chemical elements in the sample travels through the GC
column partitioning between the mobile and stationary phases. The partitioning behaviour is highly dependent on the
characteristic of the analyte, the GC settings and conditions, and many factors including the flow rate of the carrier gas,
and the analytes boiling point. Analytes with lower boiling points are expected to travel more quickly through the column
than those with higher boiling points. The time taken for a chemical to pass through the GC from injection to detector is
known as its retention time and is used for comparative identification. The retention time of the GC eluted peak is set in
units of seconds or minutes and are used as the primary point of comparison with retention-time data from a standard
sample. The next section describes the specific tailoring that was implemented in this extant study.

2.1 Materials and Instrumentation

Hexane (98%), undecane (99%), hexadecane (99%) and dichloromethane (99%), 50mg/L of standard alkane
mixture, nC8-nC40 (all even) were purchased from Sigma Aldrich. Cellulose Extraction thimbles (Whatman) with single
thickness 26 mm x 60 mm were purchased from GE Healthcare.

The important parameter that dictates effective sample separation is the choice of the column. The selection is
based on the principle that “like dissolves like”. This implies that a polar column will be best for the polar compounds

whereas non-polar columns is best for non-polar compounds. Since only elements of C and H were present,
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hydrocarbons are nonpolar, ZB-1 column was identified and employed for the separation. The ZB -1 column was
selected because it was amongst the lowest polarity columns available commercially with 100% dimethyl-polysiloxane
stationary phase suitable to analyse wide range of non-polar compounds including petroleum hydrocarbons. It has a
wide operating temperature range (-60 °C to 370 °C) making it suitable for analysis of wide range of compounds including
those with high boiling points. ZB-1 has low bleed level, which makes it efficient and suitable for use on GC detector for
comparative studies.

The column was purchased with a Guard Column Kit (Deactivated Tubing 5 m long) which protected the GC
column from contamination especially when the sample contains non-volatiles components. The guard column helps to
extend the lifetime of the column and gives better efficiency and more reproducible results. This has been tested by
individual quality controls (QC) according to manufacturer and was confirmed that it ensures optimal results upon
installation and suitable for wide range of GC columns.

2.2 GC Method development

An alkane standard mixture of hydrocarbons (nC8 — nC40) was used to develop a method that can identify and
quantify the hydrocarbons present in the environmental samples. Optimisation of the physical properties of the mixture
(such as volatility, affinity), the column temperature, the inlet temperature and temperature programming, split/splitless
ratio injection, the size and injection technique, the flow rate and the speed were varied until a clear separation between
component peaks were achieved.

The method development started with column conditioning which was done by running a blank (i.e., no sample
injection) on the equipment isothermally at 300 °C for 60 min until the baseline was achieved. This process was to
ensure that the column is purged of any impurity trapped during manufacturing. Once achieved, the initial temperature
was reset to 50 °C based on the boiling point value of the solvent (hexane — 67 °C), and a hold-time for 5 minutes was
applied. The separation was allowed to run for 10 mins before increasing the speed at which the mobile gas (helium)
moves the analytes through the column with a total run time of 43 minutes. The sample injection mode was split into
100 mL: 1 mL such that the entire injected amount of sample does not go into the column. This means that some of the
sample injected into the injector by the sample syringe will be vaporized and escape through the split vent. However,
the separation using split condition was not favourable as the separation could not maintain a stable baseline.

2.3 GC Method optimisation

To achieve optimal method for separating the hydrocarbons, there was a need to achieve stability and high peak
counts in the ramping setting. This was necessitated by an observed instability and low peak counts after the initial
parameter settings for the method development.

Following result obtained from the initial parameter setting, the instrumental parameters were further optimized.
Due to the range of compounds of interest and low volatility, the inlet temperature was raised (from 250 °C to 330 °C)
to ensure sufficient sample volatilisation. The initial temperature was increased (from 50 °C to 70 °C) since the mixture
comprises mostly of analytes with high boiling points. This was followed by an increase in the speed at which the
compound moves in the column. The initial velocity was at 8.42 cm/s but was increased to 15.42 cm/s which
automatically increased the flow rate from 0.9 mL/min to 1.99 mL/min. The injection was switched from split to splitless,
this is called the splitless mode and it is used for trace analysis (when the sample contains very small amounts of
analyte). Operating in the splitless mode is the most sensitive a method can be because in this mode all the analyte
mass in 1 pL injection sample vaporized in the injector goes onto the column. The interaction time between the sample
and the mobile phase in the column was increased (from 5 mins to 20 mins hold time) to allow more separation and

elution, resulting to an increase in the overall run time.
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2.4 Method of data collection

The Agilent Chemstation was used for data collection and manipulation. The injector was set to purge twice in
pure hexane to avoid cross contamination after each injection. The GC initial velocity was 15.42 cm s-1 and the initial
oven temperature was held isothermally for 5 min at 50 °C, ramped to 70 °C for 5 min, then programmed to sequentially
step from 70 °C to 330 °C at a heating rate of 8°C/min and held isothermally for 20 mins. The detector (FID) was at
the flow rate of 1.99 ml/min at 330 °C. Table 1 shows the parameters for GC-FID instrument condition and their value.

Table1: GC-FID Instrument Condition

Parameter Value

Inlet Splitless at 300 °C
Injection volume 1uL

Initial velocity 15.42 cm/s
Constant column flow 1.99 mL/min helium

70 °C for 10 minutes/ Hold -
Column temperature program | 10mins

250 °C /min to 330 °C at 8°C
/minute

330 °C for 20 minutes

Detector Flame ionization at 330 °C

2.5 Method validation

To assess the reliability of the developed method suitable for identifying petroleum hydrocarbons ranging from
nC8 to nC40, the linearity, precision and accuracy were investigated. The linearity of the method was investigated at
ten concentrations between 0.0125 ug/ul and 0.125 pg/pl. Two pure compounds of same amount (1 pl) of hexadecane,
nC16 and undecane, nC11 were injected into the GC and separated by the developed method. The elution times of
hexadecane and undecane hydrocarbons are consistent in accordance Figure X to the results obtained from the
standard alkane mixture range of nC8 — nC40, all even.

2.6 Application of developed method for field sample analysis

After the environmental sample was extracted using Soxhlet and Soxtec extraction techniques as described in the
above previous sections. The extracts from the environmental samples at different depths were analysed using the
validated method — Gas Chromatography coupled with flame ionisation detector (GC-FID). To ensure reliable
identification of the unknown hydrocarbons in the environmental sample, the Kovats system was used. The Kovats
system is one of the most widely accepted methods of reporting data recommended for use in the standardization of
retention data [33]. The experiment was conducted under linear temperature programming and the unknown
hydrocarbons were identified.
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3. Results and Discussion

Before calibration and analysis, a suitability test was performed by injecting standards comprising a heptane
solution containing 50 mg/L of even numbered alkanes from C8H18 to C40H82 into the GC-FID. The GC system
performance was optimised for resolution, recovery and response by parameter variation based on the physical
properties of the mixture (volatility, affinity and the strength of interaction and partition coefficients), the column
temperature, the inlet temperature and temperature programming, split/split less ratio injection, the size and injection
technique, the flow rate until a clear separation between component peaks were observed. A unique combination of
these parameters ensures a good interaction between the stationary and mobile phase and promotes good separation
of the standard analytical mixture. The conditions used to achieve the optimum method of separation in this work and
the corresponding chromatogram [34] obtained for the sample mixture are further discussed henceforth.

3.1 Results from method development and optimization

Initially, the settings for method development were set at 50 °C based on the boiling point value of the solvent
(hexane — 67 °C), and a hold-time for 5 minutes, and the separation was allowed for 10 mins before increasing the
speed of the mobile gas. From Figure 1, there is a clear instability and low peak counts which could be attributed to the
temperature ramping setting; thus, suggesting that the entire injected amount of sample was not eluting and requires
an extended time.

Optimisation was implemented to ensure that the total number of peaks that elute corresponds to the number of
hydrocarbons present in the analytical standard mixture. A unique combination of the parameters was used to realise a
good interaction between the stationary and mobile phases thereby facilitating separation of the standard analytical
mixture. The chromatogram showed that the GC-FID can predict the relative volatilities of the hydrocarbon’s components
in the alkane mixture accurately and that the area of the peak is proportional to the concentration of the corresponding
compound in the sample.

Positions of the compounds in the column and the retention time correlated with their diffusion interaction
parameters which is driven by thermodynamics and possibly other retention interactions process. However, the peak
band widths of the separated analytes are determined by diffusion-driven and adsorption/desorption-driven kinetics of
analyte mass transfer within (a) the mobile phase, (b) within stationary phase and (c) between the mobile and stationary
phase. The carrier gas operating mode was set to operate at constant flow to ensure that it flows at the same linear
velocity during temperature programming to avoid peak broadening.
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P

Retention

Figure 1: Method 1 operating conditions: inlet T = 50 °C, Flow = 0.9 mL/min, Average velocity = 6 cm/s,

detector T = 300 °C, Split condition: 100 mL: 1 mL, volume injection = 1 pl.

For optimum separation, it is important that the total number of peaks eluted corresponds to the number of

hydrocarbons present in the analytical mixture. Figure 2 shows that the spectrum of the hydrocarbon peaks were well

separated and each n-alkane in the mixture is baseline resolved with a little drift after time 40 mins possibly due to

column saturation. The response of octane (C8) was measured at 5.282 mins and tetracontane (C40) at 53.683. These

values indicate excellent system performance with respect to boiling point discrimation [35].
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Figure 2: Separation method development using Standardised alkanes with all 17 compounds eluted (C8 —C40)

using ZB-1 column with 100% dimethyl-polysiloxane stationary phase. Operating conditions: inlet T = 300°C,

Flow = 1.99mL/min helium, Average velocity =15.42 cm/s, detector T = 330°C, volume injection = 1pl (splitless).

3.2 Results on the validation of the method

Following system calibration, method validation is an essential way to confirm that the performance of the

developed method is consistent for the application requirements and can be taken with confidence [36]. Accordingly,

the method was validated by injecting 1 pL [37] of pure compounds of hexadecane, nC16 (0.765 mg) and undecane,

nC11 (0.733 mg) into the GC and separated using the developed method. Results from the chromatographic

quantification, Figure 3, show that these compounds were detected, identified and eluted accordingly. The elution time
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of nC16 was in accordance with that obtained for nC16 from the standard alkane mixture. For the nC11 (not present in
the standard alkane mixture), the elution time was between nC10 and nC12 carbon numbers as previously reported in
literature [51]. This validation study confirms the capability of the developed method in identifying a wide range of
hydrocarbons from a sample mixture.

alkane mixture) while the retention time for undecane (not present in the standard alkane mixture) was 14.061
which is between nC10 (8.823 mins) and nC12 (16.953 mins) and is consistent with previously a reported study [51].
The achieved outcomes showed that the separation GC/FID method developed is appropriate for the determination and
quantification of wide range of hydrocarbons from a sample mixture even at very low concentrations. From Figure 3,
the retention time, (tR,) for hexadecane was 25.022 corresponding to 25.403 (stardard equivalent).

Compounds Chromatogram  Retention time (min)

Alkane Standard Mix A 25.022 (C16)
Pure Hexadecane B 25.403 (C16)
Pure Undecane C 14.061(C11)
T . _:l FIDT B, Back Signal (FERF INLET TEWF cHANsE:za-:m--:3-954;34:3-23--ti;s

a
14§

&
400

3504 C

300

B

[ “
3

Area {pA¥*s)

uuuuu

;;;;;

:::::

i

Retention time (min)

Figure 3: Method Validation- Comparison of the chromatograms of alkane standard mixture (A) with independ-
ence calibrations of hexadecane (B) and undecane (C)

3.3 Further validation: Spiked uncontaminated soils

Clean air-dried soils were spiked with the internal standard (nC16). The soils were mixed thoroughly to ensure
uniformity and were stored at 4 °C until extraction using Soxhlet method. After extraction, 1 pl of the extract was taken
and analysed using the GC-FID developed method. Reference standards and calibration mixtures were used for
qualitative and quantitative analyses, instrument calibration and validation. Figure 4 depicts the result from further
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method validation. The chromatogram shows that nC16 eluted at retention time value of 24.556 min which falls close to
the time range of the calibration and standard alkane retention values for nC16.

Area (Pa*s)

time (seconds)

Figure 4: Method validation run with no sample (A) and with hexadecane (B) compound

3.4 Calibration and corelation analysis of compounds

To be confident in the accuracy of the result and minimise any measurement uncertainty, calibration plots of the
peak area of targeted compounds of interest (nC8 — nC40) against the concentration of the alkane standard compounds
was constructed and their linearity investigated. This was done periodically to ensure that errors associated with the
measurements are in the acceptable range. The linear range, slope, and correlation coefficient (R2) of these compounds
were studied. Outliers were also observed at end points and at point 2 in nC40, these errors are probably due to column
overload and sample introduction errors. The method quality was assured through reproducible calibration and testing
of the extraction and GC systems.

In order to obtain the concentration of the hydrocarbons in the soil sample, the analytical range of hydrocarbons
were calibrated and the average corresponding peak values of the samples correlated. From the calibration plot in
Figure 5 (a) and (b), the slope was determined where m is the measure for the sensitivity of the procedure such that
the steeper the slope, the more sensitive the procedure is (i.e. the stronger the instrument response on the y axis to a

concentration change on x).
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Figure 5: Calibration performance of hydrocarbons C16 (a) and C40 (b)

The correlation coefficient (r2) recorded 0.99 for the hydrocarbon band (C8-C38). The correlation coefficient of
0.99 indicates a good linear correlation across the calibration range except for C40 (0.88). This variation can be
attributed to the saturation of the column at that point with high volume injection, particularly as much higher molecular
weight compounds were injected. A calibration repeatability test was done by measuring the detector response of three
(3) sequential injections of the calibration standard and the measured relative standard deviation (RSD) % was
calculated at 95% confidence level.

As depicted in Figure 6, there exists high correlations in the sensitivity response between hydrocarbon compounds
in the range of NnC20 - nC26 in the standard mixture. This correlation can be attributed to the homologous characteristics
of the alkanes and can be useful when designing a hydrocarbon fractionation approach model. Additionally, the
correlation also shows the possibility of applying these characteristics to develop arrays of chemiresistor sensors for the
detection of petroleum hydrocarbons with a similar property response. The equations of the calibration curves obtained
using the total petroleum hydrocarbon (TPH) standard were used to analyse, calculate, and correlate the predicted
concentrations in the field samples measured using the GC-FID.

¢ C20 Compound
3000 selected range
C22
2500 C24
& C26
. 2000
w
*
S
= 1500
2
<«
1000
500
0
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Mass (ng/pL)

Figure 6: Carbon number Cz0-C26 Correlation

Furthermore, to study the hydrocarbon response to the instrumental stationary phase, the sensitivity (i.e. the level
of interaction) to hydrocarbon analytes was calculated using the calibration results. Figure 7 shows the relationship

280
281

282
283
284
285
286
287
288
289
290
291
292
293
294
295
296

297

298

299
300
301


http://www.dapresses.com/

Dialogic STEM Journal, Volume 1, Issue 1, 2026, available at www.dapresses.com FOR PEER REVIEW 12 of 16

between hydrocarbons and their respective sensitive responses. As observed, nC16 with an area value of 27085 has
the highest response (sensitivity) to the FID detector compared to nC40 with an area value of 11642. The entire spectrum
shows an increment as the carbon number increases from nC8 to nC16 and a decrease from nC18 to nC40, however,
with significant decrease in nC40. This is an indication that even though there exists a linear correlation trend between
the peak areas and the carbon numbers, the sensitivities of the analytes to the stationary phase are different and do not
follow same pattern.
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Figure 7: Spectrum of hydrocarbons GC sensitivity to analytes of interest

The sensitivity variation could be due to a molecular and structural difference in the interaction between the GC
stationary phase and the detected compounds. Although there is limited literature to explain this, on a comparative basis
however, the trend shown herein is similar to the data reported by Summers et al. [38]. Thus, the interactions between
the n-alkanes and the stationary phase increase with increasing chain length of the alkanes and decreases as the
molecular weight decreases. This goes further to explain that the GC separation and elution order does not primarily
depend on the boiling point alone but also on the level of interaction between the analyte and the column stationary
phase [39]. When the level of interaction is favourable due to compatibilities as a result of the strength of intermolecular
interactions, the analytes have longer elution times. On the other hand, when the level of interactions is unfavourable
due to analyte molecule-stationary phase incompatibilities, then the intermolecular interactions are reduced leading to
lower elution times. Therefore, the properties of the stationary phase and the movement of the hydrocarbon contributes
to the effective or ineffective analyte-stationary phase interactions which in turn influences the peak separation and the
time of elution.

3.5 Environmental sample qualitative analysis using Kovats retention indices

This section presents the qualitative analysis of the environmental samples using Kovats retention index. In order
to identify the unknown hydrocarbons in the field soil sample, the Kovats system was used. Kovats system is one of the
most widely accepted methods of reporting data recommended for use in the standardization of retention data [33]

because the experiment is conducted under linear temperature programming. Herein, the experiment was conducted
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under linear temperature programming, hence the applicability. It is assumed that an approximate linear relationship
exists between the n-carbon number and the retention data of unknown compounds of interest, which makes
identification uncomplicated. The retention times were determined experimentally for each compound identified in the
field sample matrix, and the unknown hydrocarbons were identified using the Kovats index equation as shown in Eq 1.
Figure 8 shows the results of the identified hydrocarbons.

t - —t
T =100 % |n + (_N— _ ?’1) r{unknoun) rin)
by = o) (1)

Where,
| = Kovats retention index
n = the number of carbon atoms in the smaller n-alkane
N = the number of carbon atoms in the larger n-alkane
t, = the retention index

The chromatogram shows the GC-FID chromatograms for TPH analysis of the two representative samples
(uncontaminated vs contaminated soil samples). The differences of chromatograms between them can be readily
identified with hydrocarbon eluted form the control sample result in comparison to the contaminated sample result. Also,
it is assumed that an approximate linear relationship exists between n-carbon number and the retention of unknown
compounds of interest which makes identification uncomplicated. The retention times were determined experimentally
for each compound in the field sample mixture, and the unknowns hydrocarbon in the environmental samples were are
highlighted B against the control soil sample A collected from an uncontaminated site.

FID1 B, Back Signal (21081001.D)
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Figure 8: Environmental sample results from contaminated field (B) and uncontaminated (control) site (A)
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4. Conclusions

In this study, an alkane standard mixture of hydrocarbons (nC8 — nC40) was used to develop the method that
could identify the hydrocarbons present in an oil contaminated environment. The boiling point of the mixture, the column
temperature, the inlet temperature and the flow rate of the chromatography equipment were varied until separations
between the components were observed. The GC method was validated using pure compounds of hexadecane, nC16
(0.765 mg) and undecane, nC11 (0.733 mg). The results show that the elution time of nC16 was in accordance with that
obtained for nC16 from the alkane standard mixture. Furthermore, the elution time of nC11 was between the elusion
times for nC10 and nC12. The proposed specific tailoring of the method to the properties of the mixture of hydrocarbons
proved effective. The significance of these findings is that the proposed method can be used to identify a wide range of
hydrocarbons in a mixture, which can be applied in environmental remediation of contaminated soils.
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