
Introduction

Worldwide, there is growing demand for 
the development of environmentally 
friendly waste treatment, as well as an 
increasing need for sustainable waste 

recycling processes. At the forefront of this need is a waste management process for used mineral oils, 
such as motor oil, lubricants, insulating liquids, and hydraulic oils. Instead of simply burning the waste oil, 
which would only lead to increased carbon (CO2) emissions, the used oil could be collected and 
regenerated into a useful raw material. Recycling these used mineral oils can become a major contributor 
to a cleaner environment.1

During the recycling process, contaminants are removed from the used oil and a clean base oil is produced 
that can later be used in the production of new lubricant oils or can be mixed with freshly refined base oils. 
The waste oil is thus regenerated into a useful product. To optimize the result of the regeneration, a 
sample of the used oil is first analyzed for its mineral oil content, and then tested to identify and quantify 
any possible contaminants. 

One example of a possible contaminant in the used oil is ethylene glycol, which can leak into the engine oil 
from the engine’s cooling system. Typical concentrations of ethylene glycol found in used oils ranges from 
higher ppm levels up to several percent of the total volume. This application note presents a simple 
method for the extraction and analysis of ethylene glycol in a used oil sample by GC-FID.
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In addition to direct injection and headspace techniques for ethylene 
glycol analysis, a third approach uses a simple liquid-liquid extraction 
step, prior to the GC analysis. For the extraction of ethylene glycol 
from a mineral oil sample, a polar solvent, for example ethanol, is 
most suitable. After extraction, the solvent extract can be directly 
injected and then analyzed by GC with flame ionization detector (FID). 
The cost of the extraction step is significantly reduced when compared 
to headspace analysis, and the analysis can be carried out on a 
standard GC with FID, using an appropriate capillary column. A 
detailed overview of the solvent extraction process is outlined below:

Step 1 Homogenize the used oil sample by shaking for 10 sec.

Step 2  Accurately weigh 2.0 g of the sample into a 50 mL extraction 
tube.

Step 3  Add 10 ml of ethanol to the extraction tube and shake 
vigorously (Vortex) for 30 sec.

Step 4  Place the extraction tube on a vibrational shaker and extract 
during 15 min.

Step 5  After extraction, centrifugate the sample for 5 min at 3000 
rpm.

Step 6  Take a 1 mL aliquot of the supernatant (ethanol phase) and 
add to a 2 mL GC sample vial.

Step 7  Add 100 µL of the internal standard solution (approximately 
0.5%) and cap the sample vial.

Sample Preparation

Ethylene glycol, or 1,2-ethanediol, is a low molecular weight, 
highly polar molecule with a relatively high boiling point and  
a relatively low vapor pressure (Figure 2).2 These properties  
of ethylene glycol not necessarily favor its analysis by gas 
chromatography, and consequently, several analytical methods 
are documented in literature. One approach uses the direct 
injection of the sample, and although it certainly benefits the 
vaporization of ethylene glycol, interference from matrix peaks 
can complicate the chromatographic separation and rapidly 
contaminate the system. When working with mineral oil samples 
which requires the introduction of a heavy hydrocarbon matrix, 
direct injection is not the preferred approach.

To eliminate the sample matrix from the analysis, some form of 
sample preparation is required. For gas chromatography (GC), 
headspace analysis is often used when volatile analytes are 
determined in a less-volatile or non-volatile sample matrix. This is 
also true for the determination of ethylene glycol in in-service 
engine oils and such methods are well documented.3,4 Analysis 
using a headspace technique offers many benefits, such as the 
non-volatile sample material never reaching the column, thus 
significantly reducing chromatographic interference and 
contamination problems. The potential downside of utilizing a 
headspace technique is the added cost of the headspace 
instrument. Additionally, for the headspace analysis of ethylene 
glycol, a derivatization reagent (typically phenylboronic acid is 
used) needs to be added to transform the less volatile ethylene 
glycol molecule into a volatile reaction product.

Figure 2. Ethylene glycol physio-chemical properties.

Figure 1. Picture of used oil sample before and after sample preparation.
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N-butanol was used as the internal standard in this study. 100 µL 
of the internal standard solution was added to 1 mL of the 
ethylene glycol standard to give an approximate concentration 
of 0.5% of internal standard in the ethylene glycol standard. 

GC Method Settings

Following extraction of the sample and addition of the internal 
standard, the ethanol extract was then injected directly onto the  
GC, using a standard split/splitless capillary injector. Ethylene 
glycol and n-butanol (IS) were separated using a polar “WAX” 
column (Elite-Wax, 60 m x 0.32 mmID x 0.5 µm df, part 
number N9316417). A complete overview of the GC method 
settings is listed in Table 2.

Calibration

To determine the amount of ethylene glycol in the used oil 
samples, a series of ethylene glycol standards was prepared in  
the concentration range from 0.05% to 2% ethylene glycol 
in ethanol. An overview of the four standards used in this assay  
is given in Table 1.

Ethylene Glycol Concentration

Standard 1 0.05%

Standard 2 0.10%

Standard 3 0.50%

Standard 4 1.01%

Table 1. Ethylene glycol standards.

Table 2. GC method settings.

Parameter Setting

Injection Volume 1.0 µL

Injection Speed Normal

Injector Temperature 225 ºC

Carrier Gas Helium

Injector Pressure 20.0 psi

Split Flow 50.0 mL/min

Initial Oven Temperature 70 ºC

Initial Hold 1.00 min

Rate 12.0 ºC/min

Final Temperature 235 ºC

Final Hold 5.00 min

FID Temperature 250 ºC

Results

Using the analytical conditions shown in Table 2, n-butanol eluted  
at 6.50 min, and is well separated from the ethylene glycol peak 
which eluted at 12.60 min (Figure 3). The results of the ethylene 
glycol calibration are summarized in Table 3 and Figure 4.

n-butanol (IS) Ethylene Glycol

Ret. Time 
(min) Peak Area Ret. Time 

(min) Peak Area

Standard 0.05% 6.51 1268 12.57 473

Standard 0.1% 6.51 1422 12.57 1004

Standard 0.5% 6.51 1430 12.59 5507

Standard 1.0% 6.50 1264 12.60 10714

Table 3. Ethylene glycol calibration results.

Figure 3. Overlay graph of all four of the ethylene glycol standard injections.
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Figure 4. Ethylene glycol calibration curve.

Two unknown used mineral oil samples were presented for analysis. To verify the effectiveness of the ethanol solvent extraction method and the 
GC analytical method, the samples were analyzed two times: the first analysis used the original sample, while the second analysis used a mineral 
oil sample spiked with a known amount of ethylene glycol (approximately 2.5% ethylene glycol). Both the original and the spiked samples were 
processed completely as described above. Using both results, the recovery for ethylene glycol can be calculated, and the efficiency of the method 
can be determined.

As seen in the sample chromatograms displayed in Figure 5, many peaks are detected from the sample extract. Positive identification of the 
ethylene glycol peak was done by determining the relative retention time, compared to the internal standard, n-butanol. The final concentration 
of ethylene glycol in the oil sample was calculated from the result reported from the calibration curve, considering the sample amount taken for 
processing and the dilution factor. Sample results are presented in Tables 4 and 5.

The concentration of ethylene glycol found in the used oil samples 1 and 2 was 0.8% and 1.8%, respectively. For the spiked samples, a 
concentration of 3.6% was found for used oil sample 1, and of 4.6% for used oil sample 2. With a known amount of 2.7% ethylene glycol 
spiked to both samples, an excellent recovery of 100% is found for both samples.

Figure 5. Overlay graph of used oil sample 1, original (blue) and spiked (red).
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n-butanol (IS) Ethylene Glycol

Ret. time 
(min) Peak 

Area

Relative 
Ret. Time 

(min)
Peak Area

Used Oil Sample 1, Original 6.50 1341 1.933 1782

Used Oil Sample 1, Spiked 6.50 1351 1.936 8054

Used Oil Sample 2, Original 6.51 1351 1.935 4045

Used Oil Sample 2, Spiked 6.51 1339 1.937 10017

Table 4. Original and spiked used oil sample integration results.

Table 5. Used oil sample results and ethylene glycol recovery.

Used Oil 
Sample 1

Used Oil  
Sample 2

Ethylene Glycol Concentration  
in Sample

0.80% 1.82%

Ethylene Glycol Concentration in 
Spiked Sample

3.55% 4.55%

Calculated Amount of EG Spiked 2.75% 2.73%

Known Amount of EG Spiked 2.72% 2.72%

Recovery 101.1% 100.2%

Conclusion

A simple and effective method for the determination of ethylene 
glycol contamination in used mineral oils is presented in this study. 
By using a solvent extraction method, followed by GC-FID analysis, 
the cost of analysis can be significantly reduced. Excellent method 
efficiency, of close to 100% ethylene glycol recovery, is 
demonstrated by means of a spiking experiment. This method is 
aimed to assist used oil recycling plants in the optimization of their 
used oil regeneration process, and ultimately providing for a 
cleaner environment.
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