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Abstract

Identification and determination of diethylene glycol (DEG) in glycerin-based products was successfully achieved using
FT-IR spectroscopy. Studied samples included 0.5% to 20% by mass DEG spiked into cough syrup, two paracetamol
syrup formulations, and two food supplements. The characteristic DEG wavenumbers at 881 cm™! and 1083 cm™! were
used for its quantitative determination in the studied samples. A very good accuracy in determining the DEG fraction
was achieved with a mean error% of +2.02% to +7.69% upon using the corrected absorbance at 881 cm™!. The corrected
absorbance at 1083 cm™! band was used in the case of paracetamol formulations and resulted in a mean error% ranging
from £2.50% to £10.28%. The values of limit of detection of the current method ranged from 0.051% to 0.068% DEG for

all studied samples.
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1. Introduction

Glycerin (or glycerol) is a popular alcohol with a
wide range of applications in pharmaceutical, food, and
personal care products industries. Glycerin acts as a hu-
mectant, preservative, and lubricant; it can be found in
more than 2,000 products, including toothpaste, mouth-
wash, and pain relief medications.!? Usually, it is prepared
from fats and oils and may also be obtained as a by-prod-
uct from some biofuel production reactions.® The global
demand for glycerin is continuously increasing. This en-
couraged greedy sellers to adulterate glycerin with diethyl-
ene glycol (DEG) that is less expensive and has similar
physical properties. However, DEG is toxic to humans.
Adulterating glycerin with DEG has caused many fatalities
in a number of countries around the world.* For example,
it was reported that many death cases among children in
Nigeria in 2008 were due to DEG poisoning.’ In 2006,
cough syrups in Panama were manufactured with DEG in-
stead of glycerine, resulting in 51 death cases.? In 1996, in
Haiti, at least 59 children died of acute kidney failure
caused by contaminated paracetamol syrup containing up
to 26% DEG.%” More poisoning cases around the world

were reported in much detail in reference?. Recommended
Food and Drug Administration (FDA) limits of potential
DEG contamination are 0.1% to 12.7% in pharmaceutical
formulations of liquid excipients and 0.1% in sorbitol and
other excipient solutions.® Therefore, many analytical
methods of identifying and determining DEG in contami-
nated glycerin were reported. Gas chromatography (GC)
was used for DEG quantitation in some food products, hu-
man sera, and pharmaceutical products.®"!! GC combined
with mass spectrometry (GC-MS) was also reported for
confirming the identity of different glycols and DEG in
bait fish, human plasma, and electronic cigarettes.!?"4
Thin layer chromatography (TLC) was also employed to
detect the presence of DEG in toothpastes.!> A combina-
tion of GC, IR spectroscopy, and TLC was used to test the
purity of glycerin.® Fourier transform infrared (FT-IR)
and near-infrared (NIR) spectroscopic techniques were
reported as viable, simple, cost effective, and rapid meth-
ods for the identification and quantification of DEG in
glycerin-based cough syrups.® In a recent study, mid-IR
spectroscopy has been shown to be a simple and rapid
technique to determine possible DEG contamination in
glycerin raw materials.!® The current work addresses the
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applicability of mid-IR spectroscopy for determining pos-
sible DEG contamination in more complex glycerin-con-
taining commercial products whose other constituents
may also interfere and absorb in the spectroscopic range of
interest; these include a cough syrup, two paracetamol syr-
up formulations, and two food supplements.

2. Experimental

2. 1. Materials and Methods

The cough syrup Hederal (product of Delass, Jordan)
was purchased from a local pharmacy in the City of Irbid
in Jordan. It consists of the dried leaf of Hedera helix (an
ivy leaf) as expectorant, in addition to glycerin, sorbitol,
propylene glycol, polysorbate (tween 80), sucrose syrup,
strawberry flavor, and water. Two glycerin-based food
supplements were also studied; a natural plant based glyc-
erite sweetener that consists of stevia plant extract, glycer-
in, and water (brand name: Better Stevia, NOW Foods,
USA), and a liquid herbal extract claimed to support
healthy nervous system and consists of glycerin, water, and
a lemon balm extract (brand name: Lemon Balm, Herb
Pharm, USA). Both supplements were purchased from lo-
cal markets in USA. Two paracetamol syrup formulations
were prepared according to the procedure described in
reference!”. All studied samples were spiked with known
amounts of DEG ranging from about 0.5% to 20% by mass.
Glycerin (99.5%) and DEG (99%) were purchased from
Tedia (USA) and Vickerings (UK), respectively.

2. 2. Instrumentation and Data Acquisition

All infra-red measurements were performed in at-
tenuated total reflection (ATR) mode using a Bruker Al-
pha FT-IR spectrometer equipped with a deuterated trigly-
cine sulfate (DTGS) detector and a zinc selenide window.
Al IR spectra in this study were collected in triplicate (i.e.
three IR spectra were taken and averaged for each solu-
tion) in the range 700-4000 cm™ with a resolution of
4 cm™! against air as a background. For each test product
investigated in this work, calibration curves were con-
structed by plotting the absorbance (peak intensity with-
out baseline correction) at selected wavenumbers versus
the percentage of DEG spiked in the tested samples. Spik-
ing the test solutions with DEG leads however to decreased
percentages of the original constituents in the test solu-
tions. A correction for this behavior was undertaken, sub-
tracting thereby the expected absorbance contribution of
the original constituents of the test product from the actu-
ally measured absorbance. This contribution has been esti-
mated to be the mass percent of test product in the final
solution (i.e. after spiking with DEG) multiplied by the
absorbance of the original test product at the wavenum-
bers of interest in this study (881 and 1083 cm™). The cor-
rection is shown in equations (1)-(3) for the absorbance at

881 cm™!; A stands for the actually measured absorbance,
product% is the percentage of tested product in the final
solution after spiking with DEG, Apgg is the magnitude of
absorbance associated with DEG:

A(881cm™) = Apgs(881 cm™) + (1)
o+ Apruduct(ggl Cm—l)
product%
100 # 2)

-1
X Aunspiked product (881 cm )

A(881cm™) = Apgs(881 cm™) +

Aogs = A(B31 cm ) — Lo @)

-1
X Aynspiked product(ssl cm™1)

3. Results and Discussion

The IR spectrum of DEG is rich in bands, but only
those below 1200 cm™ are useful in the quantification of
DEG in glycerin-containing systems.!® Figure 1 represents
the IR spectra of neat DEG and neat glycerin in the spec-
tral range 810-1170 cm™'. The band around 1030 cm™ is
assigned to the C-O stretching vibration of primary alco-
hol,'® and is found both in glycerin and DEG. In glycerin,
the band at 1110 cm™ is attributed to the C-O stretching
vibration of the secondary alcohol group. This band is ab-
sent in DEG due to the lack of secondary OH groups. In-
stead, a DEG characteristic band is observed at 1085 cm™!
which is attributed to the asymmetric C-O-C stretch
mode, whereas the DEG bands at 881 cm™! and 860 cm™!
are attributed to the CH, rocking mode.!® In a previous
study,'® the DEG characteristic bands at 1085 cm™! and
881 cm™! were used successfully to quantify DEG in a glyc-
erin raw material. Hence, these bands may hold the poten-
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Figure 1: IR spectra of neat glycerin (red) and DEG (blue) in the
spectral range 810-1170 cm™!. The characteristic bands are labeled
by the wavenumbers at band maxima.
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tial for determining DEG in real glycerin-based products.
These bands were tested in the current study to quantify
spiked DEG in pharmaceutical products and food supple-
ments which contain not only glycerin and water, but also
other constituents that may also absorb in the IR range of
interest and make the analysis more difficult.

3. 1. Cough Syrup Hederal

Seventeen syrup samples were spiked with different
amounts of DEG resulting in different DEG weight per-
centages in the samples, ranging from approximately 1%
to 16%. Figure 2 shows how the intensity of the IR bands at
1083, 1036, 881, and 860 cm™! increases with increased
DEG%. All these bands belong to DEG but may also have
contributions from other constituents. Sorbitol, for exam-
ple, shows an IR band at 1078 cm™, glycerin at 1036 cm™!,
sucrose has a wide absorption profile from 960 cm™! to
1095 cm™!. The absorption at 881 cm™! is mostly due to
DEG with minimum contribution from the other constit-
uents. Figure 2 shows also that for certain bands, e.g. the
glycerin characteristic bands at 1110 cm™! and 994 cm™!,
the intensity drops in general with increased amounts of
spiked DEG, apparently due to sample dilution with DEG.
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Figure 2: FT-IR spectra of Hederal unspiked and spiked with differ-
ent DEG%.

The two DEG characteristic bands at 881 cm™! and
1083 cm™! were further investigated for the quantitative
determination of spiked DEG in Hederal. The intensity of
the DEG spiked samples at 881 cm™! and 1083 cm™ was
plotted in the calibration curves shown in Figure 3. For
both wavenumbers, a straight line was obtained with R?
values of 0.9963 and 0.9984, respectively. In order to find
the absorbance contribution due to DEG only, the absorb-
ance measured at 881 cm™ or 1083 cm™ was corrected
according to equation (3) as explained in the experimental
part. The corrected absorbance (i.e. of DEG) at 881 cm™
and 1083 cm™! is plotted in Figure 4 versus DEG%. The

correlation coefficients of the obtained linear relations
were improved, reading 0.9985 for DEG absorbance at
881 cm! and 0.9992 for that at 1083 cm™.
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Figure 3. The intensity of the IR bands at 881 cm™ and 1083 cm™!
versus DEG% in spiked Hederal samples.
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Figure 4. Corrected DEG absorbance at 881 cm™ and 1083 cm™!
versus its percentage in spiked Hederal samples.

The equations describing the linearity of the calibra-
tion model were then used to determine the concentration
of DEG in a validation set of seven samples of spiked Hed-
eral. A very good agreement between the actual and the
predicted DEG concentrations in the validation samples
was obtained as displayed in Table 1. From this table, it is
quite clear that the calibration curve of corrected absorb-
ance gives more accurate values than that without correc-
tion (an average error% of +2.0% for the absorbance at
881 cm™! compared to +3.3% when no correction was un-
dertaken). In addition, the absorbance at 881 cm™! is a bet-
ter measure of DEG% than that at 1083 cm™! (average er-
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ror% of +2.02% for corrected absorbance at 881 cm™

compared to +4.38% at 1083 cm™!) as listed in Table 1. The
limit of detection (LOD) for this drug was calculated based
on the 881 cm™! band and found to be 0.051 DEG%.

Table 1: Actual and predicted DEG% in Hederal and associated er-

rors from IR absorbance at 881 cm™! and 1083 cm™'.

881 cm™! Predicted DEG% Error%
DEG% without after without after
actual  correction correction correction correction

1.90 2.06 1.99 8.11 4.68
3.72 3.66 3.67 1.75 1.37
5.38 4.99 5.13 7.30 4.80
7.62 7.68 7.63 0.83 0.27
10.02 9.76 9.84 2.63 1.87
12.63 12.67 12.63 0.37 0.01
14.27 14.58 14.43 2.18 1.13

Mean 3.31 2.02

1083 cm™! Predicted DEG% Error%
DEG% without after without after
actual  correction correction correction correction

1.90 1.63 1.71 14.54 9.88
3.72 393 3.88 5.66 4.20
5.38 5.17 5.24 3.94 2.66
7.62 8.71 8.40 14.39 10.25
10.02 10.29 10.22 2.65 1.93
12.63 12.77 12.73 1.13 0.84
14.27 14.31 14.30 0.26 0.22

Mean 6.08 4.28

3. 2. Formulations of Paracetamol Syrup

In a study of pharmaceutical solution formulations
for paracetamol,!” six paracetamol syrup formulations
were tested for the stability of active ingredient. Two of
these formulations (A and B) were investigated in this
work for the identification of possible contamination with
DEG by means of FT-IR. The approximate solvent compo-
sition of these formulations is given in Table 2.

Table 2: Approximate solvent composition of two formulations for
paracetamol syrup.

Glycerin/% Sorbitol/% Ethanol/% Water/%

Formulation A 33.1 30.2 6.7 30.0
Formulation B 36.7 9.6 26.9 26.8

Both formulations have comparable amounts of
glycerin. Formulation B is four times richer in ethanol
(26.9%) with only 9.6% of sorbitol, while formulation A

contains small amounts of ethanol (6.7%) with sorbitol be-
ing a major constituent (30.2%). DEG was spiked in these
formulations with a mass percent ranging from 0.8% to
16%. The collected IR spectra as well as the correlation be-
tween DEG% and corrected absorbance at 1083 cm™! and
881 cm! are presented in Figure 5. Obviously, the pres-
ence of ethanol and sorbitol complicates the absorbance
behavior at 881 cm™. The effect of ethanol seems greater as
it can be recognized in Figure 5 that a large absorption
band appears around 880 cm™! in the unspiked formula-
tion B, due to the presence of large amounts of ethanol.
The absorbance at 1083 cm™ is also affected by the pres-
ence of sorbitol and ethanol; it is higher in unspiked for-
mulation A than in unspiked formulation B, but the band
shape experiences in general no significant change. The
above example of paracetamol syrup formulations shows
that the absorbance behavior in the IR region of interest
for DEG determination is very sensitive to the formulation
composition, but good estimates for DEG can still be made
after correcting the absorbance for the contribution of un-
spiked reference formulation (Figure 5). In formulation B,
however, DEG% below 1% are not well reflected by the lin-
ear correlation given in Figure 5, suggesting that the un-
certainty in the determination of such low amounts of
DEG (<1%) becomes large if the original formulation
shows strong IR absorption especially at 881 cm™!.

Similar findings were also noticed upon studying a
validation set that contains five DEG-spiked paracetamol
samples from each formulation of DEG ranging from
about 2.5% to 13.0%. The results of DEG analysis at
1083 cm™! are displayed in Table 3. Once more, the error%
calculations showed that a better accuracy is obtained in
case of formulation A, with mean error% value of +2.86%,
versus +10.28% for formulation B. More specifically, Table
3 shows a much larger error% for DEG percentages small-
er than 5% in formulation B than in formulation A. We
find for example for the DEG% of 2.5% and ~5% an error%
of £34.5% and +9.66% in the case of formulation B com-
pared to only +3.11% and +1.66%, respectively, in the case
of formulation A. This large uncertainty in the DEG% be-
low 5% in formulation B is obviously associated with the
presence of high amounts of ethanol (26.9%) and not sorb-
itol which is present in formulation A in almost the same
percentage (30.2%) as ethanol in formulation B. Apparent-
ly, the presence of high percentages of ethanol in test prod-
uct presents a limitation for the spectral analytical tech-
nique suggested in this work, especially at DEG% < 5%.
The DEG% LOD values for both formulations were calcu-
lated based on the 1083 cm™! band and found to be 0.058%
and 0.067% for formulation A and B, respectively.

3. 3. Food Supplements (Better Stevia and
Lemon Balm)

Better Stevia and Lemon Balm samples were spiked
with DEG in the range 2-20%. The absorbance at
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Figure 5: FT-IR spectra of paracetamol formulations (A and B) unspiked and spiked with different DEG% (left). Corrected DEG absorbance at
881 cm™! and 1083 cm™! versus its percentage in spiked samples of each formulation (right).

Table 3: Actual and predicted DEG percentages from corrected ab-
sorbance at 1083 cm™! of two formulations for paracetamol syrup

Formulation A Formulation B

DEG% Calculated Error% DEG% Calculated Error%
actual DEG% actual DEG%
2.52 2.44 3.11 2.50 3.36 34.50
4.94 4.85 1.68 4.58 5.020 9.66
6.95 6.58 5.26 6.10 7.32 4.66
11.07 10.66 3.65 11.052 10.86 1.77
13.14 13.05 0.63 12.77 12.88 0.80

Mean 2.86 10.28

881 cm™! as well as that at 1083 cm™! were used to quan-
tify DEG in the spiked samples. Like DEG quantification
in Hederal cough syrup, the absorbance at 881 cm™! gave
better results, as shown below, the reason why in the fol-
lowing text, and for the sake of clarity, only the results
based on the absorbance at 881 cm™! are presented. Fig-
ure 6 shows the corrected absorbance calibration curves

for the absorbance only at 881 cm™. Straight lines of R?
values of 0.9985 and 0.9989 were obtained for Better Ste-
via and Lemon Balm, respectively. The obtained calibra-
tion equations shown in Figure 6 were then used to de-
termine the DEG% in two validation sets consisting of 11
samples each. Tables 4 and 5 show the real and predicted
DEG% for all samples of the validation sets. Obviously,
the current method represents a reliable method for de-
termining the DEG% in the studied food supplements
based on the very good agreement of the DEG% in actual
and predicted concentrations. The good accuracy of the
current work is evidenced by the low mean error% val-
ues, which were +3.34% and +7.69% for Better Stevia and
Lemon Balm, respectively. These values are smaller than
those obtained when the absorbance at 1083 cm™ is used
to quantify spiked DEG where mean error% of £7.77%
and +9.46% were obtained for Better Stevia and Lemon
Balm, respectively. LOD values based on the absorbance
at 881 cm! were computed for both products and were
found to be 0.055% for Better Stevia and 0.068% for Lem-
on Balm.
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Figure 6: FT-IR spectra of Better Stevia spiked with DEG (left) and corrected absorbance at 881 cm™ for DEG-spiked Better Stevia and Lemon Balm

Extract (right).

Table 4: Actual and predicted DEG percentages from corrected ab-
sorbance at 881 cm™ for Better Stevia.

Actual DEG% Calculated DEG% Error%
2.61 2.93 12.14
4.12 4.25 3.16
6.43 6.47 0.52
8.64 8.23 4.82
9.75 991 1.67
11.94 11.85 0.78
14.01 14.06 0.29
15.66 15.33 2.11
20.30 19.38 4.56

Mean 3.34

Table 5: Actual and predicted DEG percentages from corrected ab-
sorbance at 881 cm™! for Lemon Balm Extract

Actual DEG% Calculated DEG% Error%
2.30 2.74 18.90
3.63 3.17 12.71
6.08 6.56 7.76
8.07 8.48 5.03
9.92 10.44 5.28
13.29 14.02 5.49
13.79 14.67 6.40
16.16 17.17 6.25
18.36 19.53 6.36
19.66 20.19 2.76

- mean 7.69

4. Conclusions

In the current work, IR spectroscopy is shown to be
a relatively simple, fast and accurate method for determin-

ing DEG in spiked glycerin-based cough syrup, drug for-
mulations, and food supplements. From test sets of spiked
samples, two main characteristic DEG bands (881 and
1083 cm™!) were found to be, for this purpose, the best.
Hence, a linear regression analysis based on these test sets
was employed for DEG determination in validation sets of
samples of each studied product. The results showed a very
good agreement of the real and predicted DEG values in
all samples. Accuracy has also been improved upon using
corrected absorbance values where the absorbance before
adding DEG was subtracted from the total absorbance af-
ter spiking with DEG. This result was evidenced by the de-
creased mean error% values. For the studied cough syrup
and food supplements, the mean error% is smaller when
the absorbance at 881 cm™! is considered for DEG quanti-
fication in comparison to quantification based on the ab-
sorbance at 1083 cm™?, reflecting the better accuracy asso-
ciated with the band at 881 cm™! for DEG determination in
these products. However, in the case of paracetamol for-
mulations, the band at 1083 cm™! was found to be better
than the band at 881 cm™! for DEG determination due to
the presence of high ethanol concentrations in these sam-
ples that disturb and complicate the absorbance behavior
around 880 cm™.
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881 cm™! smo dosegli zelo dobro to¢nost pri dolo¢itvi deleza DEG s povpre¢no napako 12,02 % do +7,69 %. Korigirano
absorbanco pri traku 1083 cm™! smo uporabili za paracetamolne pripravke in dobili povpre¢no napako v obno¢ju +2,50
% do +10,28 %. Vrednosti meje zaznave pri predstavljeni metodi so bile v obmocju 0,051 % do 0,068 % DEG za vse

preiskovane vzorce.
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