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ABSTRACT  

Objective: This study aims to determine reliably the concentration of Diethylene Glycol (DEG) in glycerine raw material in a simple and rapid 
manner using Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) spectroscopy coupled with chemometric methods. 

Methods: for the first time, the current work employs multivariate data analysis tools and FTIR spectroscopy for the simultaneous determination of 
glycerine and DEG. Binary mixtures of the two substances were prepared and categorized into calibration, validation and test samples. The DEG ratio in these 
samples ranged from 1 to 30%. The FTIR spectra were recorded for all samples in the range 3700-815 cm-1, and spectral data for each group of samples were 
used for Principal Component Analysis (PCA), Principal Component Regression (PCR) and Partial Least Square (PLS) applications.  

Results: In the case of PCA application, a 100% successful discrimination among pure glycerine, DEG and mixed samples was achieved. Semi-
quantitative determination of both substances was also possible using PC1 and PC2, accounting for about 99% of the variation in the data set. When 
using the PCR algorithm, quantitative analysis of the two substances was successfully achieved with an average recovery percent of 98.32±0.19% 
for glycerine and 99.89±5.7% for DEG. On the other hand, the mean recovery percent values based on the PLS model were 101.37±0.13% and 
103.26±3.2% for glycerine and DEG, respectively.  

Conclusion: Distinguishing pure samples of both analytes was achieved successfully using FTIR spectroscopy and PCA for data analysis. On the 
other hand, the quantification of DEG in glycerine was very satisfactory upon analyzing the spectroscopic data using PCR and PLS algorithms. FTIR 
spectroscopy coupled with PCA, PCR and PLS has, thus, been shown to be of great potential to detect the adulteration of glycerine with DEG.  
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INTRODUCTION 

Glycerine or glycerol is a colorless, odorless, viscous, sweet and non-
toxic alcohol used in manufacturing various products, from food and 
pharmaceutical to personal care products and others [1]. The 
contamination of glycerine and other high-risk drug components 
with DEG and Ethylene Glycol (EG) has been associated with 
incidents of fatal poisoning among consumers of drugs in liquid 
form, such as cough, allergy and analgesic medicines [2, 3]. A long 
history of DEG poisoning outbreaks has been reported [2-6]. The 
highly toxic DEG is a classical adulterant for glycerine since it has 
similar chemical and physical properties but is less expensive [1, 7-8]. 
In all cases of DEG poisoning, DEG entered the pharmaceutical supply 
chain when the drug manufacturers did not follow quality control 
procedures on glycerine, including DEG quantification [2]. The 
relevant World Health Organization (WHO’s) medical product alerts 
requested, among others, “increased surveillance and diligence within 
the supply chains of countries and regions likely to be affected” [3]. 
According to the United States Pharmacopeia (USP), the safety limit of 
DEG in glycerine is not more than 0.1%, where quality control must be 
performed before using glycerine in drug manufacturing [2]. 

Several analytical methods targeting the quantitation of DEG in 
glycerine were employed and published. A suitable, widely used 
technique is Gas Chromatography (GC) [9, 10]. Also, Gas 
Chromatography-Mass spectrometry (GC-MS) was applied to 
identify different types of glycols, in addition to DEG, in bait fish, 
electronic cigarettes, food and pharmaceutical products [11-18]. 
Thin Layer Chromatography (TLC) has been described as a 
screening method for non-compliance for DEG and EG in 
pharmaceutical products [9, 19]. Liquid chromatography was 
applied to determine 0.1% EG and DEG in dilute sorbitol solutions 
[22]. Also, the simultaneous determination of DEG and propylene 
glycol by High Performance Liquid Chromatography (HPLC) and 
Ultra Violate (UV) and fluorescence detection after pre-column 
derivatization has been successfully applied for the determination of 
DEG with high sensitivity [23, 24].  

In general, the various chromatographic methods are costly, 
laborious and time-consuming. They may require pre-preparation 
steps, such as derivatization and preconcentration, and do consume 
organic solvents and generate chemical waste. Although infrared 
spectroscopic methods are less sensitive than the chromatographic 
ones, they are simple, less expensive and rapid, and present, thus, an 
appealing screening method for contamination with DEG. Indeed, 
mid-IR (MIR) and near-IR (NIR) spectroscopy were successfully 
applied to determine DEG in raw glycerine materials in addition to 
different pharmaceutical products and food supplements [6, 25-31]. 

It is well known now that chemometric or multi-way data analysis 
tools, such as PCA, PCR and PLS, can enhance the analytical 
performance greatly. Spectroscopic techniques (UV-Vis, IR, Raman, 
Fluorescence …) are very good examples where multivariate 
methods utilize the full spectra for analysis. Chemometric tools can 
also be directly connected to instrument software for in situ and 
rapid analysis for screening and automation applications [32]. In this 
work, ATR-FTIR spectroscopy in the range 3700-814 cm–1, in 
addition to several multivariate data analysis algorithms, have been 
used for the quantification of DEG in raw glycerine. ATR-FTIR 
spectroscopy coupled with chemometrics offers a non-destructive, 
reliable and powerful analytical approach with high efficiency and 
minimal sample preparation. 

MATERIALS AND METHODS 

Reagents 

Glycerine (99.5%) was purchased from Tedia, while DEG (99%) was 
purchased from Vickerings UK. 

Preparation of samples 

As it appears in table 1, ten binary mixtures of glycerine and DEG 
were prepared to have glycerine mass percentages of 100, 99, 96, 
94, 92, 90, 85, 80, 75 and 0%. All ratios were prepared in 
triplicates. 
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Table 1: The % composition of samples used for calibration of PCA, PCR and PLS models in addition to those used for validating both PCR 
and PLS models 

% Glycerine %DEG No. of samples used for 
calibrating the PCA model 

No. of samples used for 
calibrating the PCR and PLSa 
models 

No. of samples used for 
validating the PCR and PLSa 
models 

100 0 3 2 1 
99 1 3 1 2 
96 4 3 3 0 
94 6 3 2 1 
92 8 3 0 3 
90 10 3 2 1 
85 15 3 1 2 
80 20 3 0 3 
75 25 3 3 0 
0 100 3 3 0 
Total number of samples 30 17 13 

aSelected from PCA calibration samples. 

 

A total of 30 samples (experiments) were created and studied 
following a modified method of FT-IR measurements mentioned in 
[6]. The corresponding FTIR spectra for all samples were recorded 
in the range of 3700 to 815 cm–1. For the application of PCA, the 
spectra of the 30 samples were used to create a scores calibration 
model. Selected samples from these combinations (17 samples) 
were used as a calibration set for both PCR and PLS applications. Out 
of the same table, 13 samples were used as a validation set for PCR 

and PLS models. A separate set of 16 samples of known percentages 
was created and displayed in table 2. This sample group was used as 
a test set for PCA, PCR and PLS pre-created models.  

All studied samples, including the calibration, validation and test 
samples, were similarly treated and analyzed. All samples were IR 
scanned in triplicate, and an average spectrum was used for further 
multivariate analysis. 

 

Table 2: % composition of samples used for testing the PCA, PCR and PLS models (test set) 

% Glycerine % DEG No. of samples 
100 0 2 
95 5 2 
90 10 2 
92 8 3 
80 10 3 
85 15 2 
70 30 2 
Total No. of samples 16 

 

Instrumentation and data collection 

ATR-FTIR spectra were collected on a Bruker Alpha spectrometer with 
a zinc selenide window and Deuterated Triglyceride Sulfate (DTGS) 
detector. The FTIR spectra were collected in the range 3700-814 cm-

1in triplicate with air as a background; the resolution was 4 cm-1. 

Data analysis and software 

For data processing and analysis, MATLAB 7.0.4 Math Works, MA, USA and 
PLS_Toolbox 4.0 Eigenvector Research, Inc., WA, USA were employed. 

RESULTS AND DISCUSSION 

The FTIR spectra for pure glycerine and DEG were recorded and 
displayed in fig. 1. As it appears in this figure, strong overlapping 
between the spectra of both analytes is present. However, careful 
investigation of these spectra shows characteristic IR bands of glycerine 
at 1110, 992, 974 and 922 cm–1. On the other hand, diethylene glycol 
shows characteristic bands at 1085, 887 and 881 cm–1. Successful 
quantitation of these analytes has been achieved through computing the 
difference in the intensity of these bands [25].  

However, the reported method requires a relatively long time of 
data analysis. The presented data analysis is quite classical and 
depends only on a small number of data points in the spectrum. To 
enhance the sensitivity of the FTIR spectroscopy in the current 
study, full spectra of pure and combined samples will be analyzed 
through multivariate algorithms such as PCA, PCR and PLS. 

PCA 

As can be seen in table 1, 30 samples of glycerine and DEG of 
different concentrations were studied. The FTIR spectral data of all 

samples were concatenated in a two-dimensional data matrix 
(30×1700). Data were auto-scaled and mean-centered prior to PCA 
analysis. The first ten PCs were tested and evaluated. The first two 
PCs were selected based on the visual inspection of the resulting 
models using different combinations of the obtained PCs. Also, there 
is a high variation in the dataset captured by these two PCs (about 
99%). Fig. 2 represents the best-created PCA scores plot using the 
first (PC1) and second (PC2) principal components. 

In predicting PCA scores plots, samples of identical or very close 
spectra tend to form independent clusters, and usually, the distance 
among clusters reflects the differences in the spectral features of the 
samples constituting these clusters. Fig. 2 clearly shows that pure 
glycerine and DEG formed two independent clusters far away from 
each other, reflecting the strength of PCA in distinguishing between 
the spectra of each substance. Amazingly, the mixtures of glycerine 
and DEG formed clusters separated from each other based on 
their concentrations. The positions of the mixtures-
corresponding clusters were located closer to glycerine than 
DEG, which is consistent with the concentration profile of these 
samples where all of them contain a higher ratio of glycerine, 
and as the concentration of glycerine becomes less, the cluster 
becomes farther from the pure glycerine cluster and moves 
toward the pure DEG cluster, and vice versa. Moreover, the 
separation between the clusters is sensitive to small changes in 
the amounts of DEG in the mixture; even a concentration of 1% 
DEG in glycerine can be easily distinguished from pure glycerine. 
This detection level is in accordance with the results reported in 
other infrared investigations of adulteration with DEG. For 
example, Li et al. have demonstrated that portable NIR 
instruments programmed with a PLS method could be used in 
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the field determination of DEG in propylene glycol-water 
mixtures at or below the 1% level [30]. Another NIR method 
based on chemometrics was developed to determine DEG in beer 
using a portable instrument and reported a detection capability 
of 106 mg L–1 [31]. It must be emphasized at this point that 
although infrared methods are less sensitive than the GC 

methods (10 mg L–1 for DEG in beer by GC-MS [17], 1 g/ml for 
DEG in paediatric syrups by GC-MS/MS [18] and 0.1% for DEG in 
glycerin and propylene glycol by high-performance thin-layer 
chromatography [21]), infrared methods represent simple and 
rapid methods that can be applied for the inexpensive screening 
of a large number of glycerine samples on-site in a short time.  

 

 

Fig. 1: The FTIR spectra for glycerine and pure DEG 

 

 

Fig. 2: The PCA scores plot applied to the FTIR spectral data of pure glycerine, pure DEG, and different mixtures of the two substances 

 

It is, therefore, clear that distinguishing between pure glycerine and 
pure DEG can be easily achieved using mid-FTIR spectroscopy and 
PCA, and since PCA analysis can be automated, this can compensate 
for the need for FTIR experts, which reduces the cost and time of 
analysis. However, despite the relative success of PCA in uncovering 
the adulteration of glycerine with a very small ratio of DEG (1%), the 
clusters in the resulting PCA model were located very close to each 
other. This highly reduces the confidence limits upon quantitative 
analysis of such samples. It also becomes very difficult when the PCA 
plot is used as a calibration model to quantify DEG in glycerine 
samples. Table 2 shows a new set of mixtures of both substances 
that were prepared and used for testing the analysis methods 
employed in this work, including the PCA method. Upon applying the 
test dataset from table 2 to the PCA scores model (fig. 2), the 
resulting plot (not shown) was very crowded and difficult to follow 
and make sharp concentration predictions. Therefore, although the 
PCA model could tell whether the tested sample is pure glycerine or 
contaminated with even very small amounts of DEG, it has a limited 
prediction power of the mixing ratio. PCA is thus a pattern 

recognition algorithm that may provide only a semi-quantitative 
analysis. Therefore, other algorithms that are more directed at 
quantitative prediction analysis, such as PCR and PLS, were used. 

PCR and PLS 

For the application of the PCR and PLS calibration models, a set of 17 
binary mixtures of glycerine and DEG were prepared (table 1). The 
concentration set and absorption data were considered as y-block 
(17×2) and x-block (17×1700) to construct the calibration models of 
PCR and PLS. The data were auto-scaled prior to the construction of 
the calibration PCR and PLS models. The models were cross-
validated through the leave-one-out procedure. The Root mean 
Square Error of Calibration (RMSEC) values for the first 10 
components was calculated to determine the best number of 
components for each model (fig. 3). The best number of components 
was selected in such a way that additional components don’t count 
unless they enhance the RMSEC value by 2% at least. The resulting 
models were visually investigated as well. 
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Fig. 3: RMSEC values for the PCR and PLS calibration models 

 

As shown in fig. 3, only three components in the case of the PLS 
model and two components in the case of the PCR model enhanced 
the RMSE by 2%. Hence, three components were used in the case of 
the PLS model, while two components were employed for the PCR 

model. The actual-versus-predicted concentrations for both 
components were performed, and the corresponding slope and R2 
values of the linear equations are presented in table 3. The closeness 
of R2 values to 1 reflects the good linearity of the obtained equations.

 

Table 3: Results of PCR and PLS for calibrations and prediction steps 

Step PCR PLS 
Calibration  Glycerine  DEG Glycerine DEG 

Slope 1.0 0.99 0.97 0.98 
R2 0.998 0.999 0.996 0.999 

Prediction Slope 0.96 0.96 1.03 1.01 
R2 0.998 0.999 1.00 0.989 

 

Again, the test samples in table 2 were used to test the 
prediction ability of the PCR and PLS models. Therefore, the 
corresponding FTIR data of the 16 test samples were 
concatenated in an independent two-dimensional data set 
(16×1700). The results of PCR and PLS models to the test data 

were summarized in table 4. As it appears in this table, the 
percent recovery values of glycerine and DEG using the PCR and 
PLS models and the relatively low corresponding Relative 
Standard Deviation (RSD) values reflect the very good 
concentration prediction ability of the proposed models.

  

Table 4: Glycerine and DEG recovery% values using the PCR and PLS models 

Actual sample composition % Recovery %c 

PCR PLS 
Glycerin DEG Glycerine DEG Glycerine  DEG 
100 0 98.11±0.12 NAa 101.52±0.12 NAb 
99 1 98.13±0.13 111.47±5.3 101.51±0.09 110.01±3.5 
94 6 98.24±0.11 98.58±5.7 101.43±0.15 102.50±3.1 
92 8 98.29±0.22 97.93±6.1 101.39±0.15 102.13±3.1 
90 10 98.34±0.20 97.55±5.6 101.36±0.11 10.90±3.0 
85 15 98.48±0.18 97.03±5.6 101.26±0.15 101.60±3.4 
80 20 98.32±0.17 96.77±5.8 101.15±0.14 101.45±3.3 
Mean 98.32±0.19 99.89±5.7 101.37±0.13 103.26±3.2 
RSD 0.19 5.7 0.13 3.2 

aRecovery value was 0.15; recovery % was not calculated, bRecovery value was 0.09; recovery % was not calculated, cmean recovery ±RSD 

 

CONCLUSION 

This work aimed to determine the amount of DEG in glycerine raw 
material. The FTIR spectra for DEG and glycerine exhibit clear 
overlapping, which makes the DEG determination of raw glycerine 
difficult. Multivariate analysis tools, including PCA, PCR and PLS, 
were employed for analyzing the spectral data of a number of binary 
mixtures of the two components in different composition ratios. 
Distinguishing pure samples of both analytes was achieved 
successfully upon using the PCA for data analysis, identifying 
adulterated glycerine samples semi-quantitatively with even 1% of 
DEG was also possible. However, determining the exact amount of 

DEG in a glycerine raw sample with an acceptable confidence level 
was difficult due to the limited ability of PCA for quantitative 
prediction. On the other hand, the results on FTIR spectral data sets 
of DEG and glycerine mixtures show that the ability of the PCR and 
PLS models for concentration prediction was very satisfactory. 
Therefore, FTIR spectroscopy coupled with PCA, PCR and PLS holds 
great potential to detect the adulteration of glycerine with DEG. The 
studied method can be automated, thus allowing a nondestructive, 
rapid, simple and inexpensive screening of a large number of 
glycerine samples on-site in a short time. Future work involves 
expanding the study to other chemical substances, such as 
Polyethylene Glycol (PEG) and sorbitol that are also subjected to 
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toxic DEG contamination. Classification algorithms such as 
classification analysis and Partial Least Square-Discriminant 
Analysis (PLS-DA) could also be employed. Moreover, Artificial 
Intelligence (AI)-driven models will also be attempted. 
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