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Abstract
This study demonstrates the use of an Agilent 8890 GC system coupled with the 
Agilent 5977C single quadrupole GC/MSD to detect and quantify ethylene glycol (EG) 
and diethylene glycol (DEG) in oral syrups containing glycerin per United States Food 
and Drug Administration (USFDA) recommendations.1 Samples were extracted using 
methanol, filtered through nylon filters, then followed by GC/MS analysis. Instrument 
Limit of Quantification (iLOQ) of 0.1 ppm was achieved using internal standard 
calibration. A solvent-based calibration range was established from 0.1 to 4 ppm.
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Instrument parameters

Table 1. GC/MS parameters.

Parameter Value

GC Parameters

Inlet Temperature 240 °C

Analytical Column DB-WAX GC column, 30 m × 0.25 mm, 0.50 µm 
(p/n 122‑7033)

Injection Volume 1 µL

Column Flow Helium; 1.0 mL/min, constant flow

Injection Mode Split (20:1)

Oven Program
Start at 130 °C (hold for 4 min),  
ramp at 17 °C/min to 195 °C (hold for 4 min),  
then at 35 °C/min to 240 °C (hold for 4 min).

MS Transfer Line 
Temperature

240 °C

MS Parameters

SIM Ions 31, 33, 43, 75, 113

Ion Source Temperature 230 °C

Quadrupole Temperature 
(Q1 and Q2)

150 °C

Experimental

Stock DEG and EG standard preparation (1 mg/mL)
A 100 mg portion of each DEG and EG standard was 
accurately weighed and transferred to a 100 mL volumetric 
flask. The solution was diluted to volume with methanol and 
mixed thoroughly.

Internal standard solution (1 mg/mL)
A 0.1 g portion of 2,2,2-trichloroethanol was accurately 
weighed and transferred to a 100 mL volumetric flask. 
The solution was diluted to volume with methanol and 
mixed thoroughly. 

Working QC standard preparation (50 μg/mL)
A 0.5 mL aliquot of the DEG and EG stock standard solution 
was transferred to a 10 mL volumetric flask. Additionally, 
0.10 mL of the internal standard solution was transferred 
to the same volumetric flask. The solution was then diluted 
to volume with diluent and mixed thoroughly using a 
vortex mixer.

Drug product sample preparation
Samples of each product matrix, namely solution, syrup, 
and suspension, were prepared in 10 mL volumetric flasks 
by accurately weighing 1.0 g of sample into each flask and 
adding 0.1 mL of the internal standard solution. The sample 
solutions were diluted to volume with methanol and mixed 
thoroughly using a vortex mixer. If solids or suspended 
material were observed after preparation, the solutions were 
filtered through a 0.20 μm PTFE syringe filter prior to analysis.

Figure 1. Ethylene glycol peaks at 0.1 ppm level along with IS peaks and calibration curve.

Results
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Figure 2. Diethylene glycol peaks at 0.1 ppm level along with IS peaks and calibration curve.

Figure 3. Ethylene glycol results.

Figure 4. Diethylene glycol results.
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Table 2. Results summary for ethylene glycol and diethylene glycol.

 
Instrument 
LOQ (ppm)

%RSD (Area) for Six 
Replicates of Working 

Standard

%RSD (IS Area) 
for Six Replicate 

Standards

Ethylene Glycol 0.1 1.83 1.81

Diethylene Glycol 0.1 1.58 1.81

Conclusion
A sensitive and robust method was optimized for analysis 
of EG and DEG in oral syrups containing glycerin. The 
method uses an internal standard calibration using 
2,2,2-trichloroethanol. Instrument LOQ was established at 
0.1 ppm level for both EG and DEG. This method meets the 
requirements per US FDA recommendations for EG and DEG 
testing.1 Therefore, this study demonstrates the usefulness 
of the developed method for routine analysis of oral syrup 
samples for EG and DEG analysis using GC/MS.
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