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Abstract

The production and demand for hand sanitizers have increased dramatically during the
coronavirus disease 2019 (COVID-19) health emergency. To be deemed effective and safe,
hand sanitizers should contain at least 60 % alcohol (typically ethanol) as well as minimal
amounts of harmful impurities regulated by the Food and Drug Administration (FDA). To
help ensure product potency and safety through sound measurements, the National Institute
of Standards and Technology (NIST) developed and evaluated four instrumental
measurement approaches for their applicability in measuring ethanol and impurities in 72
hand sanitizers representing a range of brands and formulations. The methods included gas
chromatography with flame ionization detection (GC-FID), liquid chromatography with
ultraviolet absorbance detection (LC-UV), quantitative nuclear magnetic resonance
spectroscopy (QNMR), and attenuated total reflectance Fourier-transform infrared
spectroscopy (ATR-FTIR). All four instrumental methods can determine and provide
comparable results for ethanol, the principle disinfectant in different hand sanitizer
formulations. All methods can also confirm the presence of other alcohols potentially present
in significant quantities (= percent levels) such as methanol, a harmful impurity, and
isopropanol, which can be either the primary disinfectant or an approved denaturant in some
formulations. Two of the methods, qNMR and GC-FID, were also able to determine
impurities at the requisite sensitivity levels (ng/g) set by the FDA limits. This report presents
descriptions and key results from each method. In addition, a discussion regarding the
applicability and strengths and weaknesses of each measurement approach for the analysis of
hand sanitizers is presented and discussed.
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Hand sanitizer; Ethanol; Gas chromatography; Flame ionization detection; Nuclear magnetic
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1. Introduction

In January 2020, the World Health Organization (WHO) declared the coronavirus disease
2019 (COVID-19) a global pandemic and public health emergency [1]. To help control the
spread and decrease the risk of getting sick from this infectious virus [2], the WHO and the
United States (U.S.) Centers for Disease Control and Prevention (CDC) recommend proper
hand hygiene, including frequent handwashing and the use of alcohol-based hand sanitizers.
To be deemed generally effective against germs, the CDC recommends that hand sanitizers
should contain at least 60 % alcohol [3], which can be either ethanol (ethyl alcohol) or
isopropanol (2-propanol). As a result, the demand and market for hand sanitizer products has
increased dramatically in the United States and across the globe.

Hand sanitizers are classified as drugs and are regulated for safety and efficacy by the Food
and Drug Administration (FDA) in the USA. Typically, hand sanitizer manufacturers are
registered with the FDA and formulate their products using standard ingredients and testing
procedures verified by the United States Pharmacopeia (USP). To respond to the increased
demand and to ensure that hand sanitizers are widely available to the American public, the
FDA has modified its procedures during the public health emergency and has enabled the
following guidance and flexibilities for industry [4]: non-traditional manufacturers that are
not currently registered to make drugs can register as over-the-counter manufacturers of
alcohol-based hand sanitizers [5]; pharmacies and registered outsourcing facilities can
compound certain alcohol-based hand sanitizers [6]; and alcohol manufacturers can produce
alcohol for use in hand sanitizer if they follow guidance developed for industry [7]. The USP
has also recently assembled their standards into a single collection to support hand sanitizer
manufacturers during this COVID-19 crisis [8].

These temporary policy changes by the FDA have greatly increased the supply of alcohol-
based hand sanitizers on the market. However, this rise in the number of products from non-
traditional manufacturers has also correlated with an increase in the number of products with
identified safety and efficacy issues. Notably, several hand sanitizers have been recalled by
the FDA for containing harmful amounts of impurities including methanol, n-propanol, and
microbes [9]. There have also been instances where products have been found to be sub-
potent, containing less than the recommended amount of 60 % ethanol (by volume). To help
industry measure the levels of impurities and ethanol in their finished products, the FDA has
also recently provided a sophisticated analytical method based on gas chromatography mass
spectrometry [10] on their website.

The FDA guidance provides limits for chemical impurities in raw alcohol materials [5-7],
which have been interchangeably used as the allowable limits in finished hand sanitizer
products [10]. The FDA limits are expressed in parts per million (ppm) and are summarized
in Table 1. We have interpreted ppm to be mass fraction units of pug/g based on the recent
FDA method [10], although it should be noted that the USP collection of monographs and
standards provides limits in pure alcohol in units of pL/L [8].

In response to the COVID-19 health emergency, the National Institute of Standards and
Technology (NIST) has sought to support industry through the development and evaluation
of four quantitative methods for the analysis of finished hand sanitizer products. The methods



developed and evaluated by NIST include gas chromatography with flame ionization
detection (GC-FID), liquid chromatography with ultraviolet absorbance detection (LC-UV),
quantitative nuclear magnetic resonance spectroscopy (QNMR), and attenuated total
reflectance Fourier-transform infrared spectroscopy (ATR-FTIR).

Table 1. FDA Interim Limits for Impurities in Hand Sanitizers (2020) [5-7].

Hand Sanitizer = FDA Interim Limit FDA Interim Limit
Impurity ppm (ng/g) mass %
acetal 50 0.005
acetaldehyde 50 0.005
acetone 4400 0.44
amy] alcohol 4100 0.41
benzene 2 0.0002
ethyl acetate 2200 0.22
isoamyl alcohol 4100 0.41
isobutanol 21700 2.17
methanol 630 0.063
n-butanol 1000 0.1
n-propanol 1000 0.1
sec-butanol 6200 0.62

ppm = parts per million

The four methods used by NIST have been tailored toward the FDA guidance for industry,
primarily to support non-traditional manufacturers that are making hand sanitizers for the
first time. The methods have been used to evaluate ‘simple’ hand sanitizer formulas based on
the FDA guidance [5,6] which is in alignment with WHO recommendations [11]. These
formulations primarily contain the following ingredients listed in volume percent: 80 %
denatured ethanol or 75 % isopropanol, 1.45 % glycerin, 0.125 % hydrogen peroxide, and
water. Also, some of the methods were evaluated for more complex formulas containing
gelling-agents that more closely resemble ‘typical’ hand sanitizers found in the marketplace.
The NIST methods can determine and provide comparable results for ethanol, which was the
principle disinfectant alcohol in all but one of the different hand sanitizer formulations
evaluated in this work. All methods can also confirm the presence of other alcohols
potentially present in significant quantities (= percent levels) such as isopropanol or the
harmful impurity, methanol. Two of the methods, gNMR and GC-FID, were also able to
determine other ingredients and impurities at the requisite sensitivity ppm levels set by the
FDA limits.

This NIST Internal Report (NISTIR) provides a description of each method, summary of key
results, and a discussion of the strengths and weaknesses and applicability of each method for
analyzing hand sanitizers.



2. Experimental Section
2.1. Chemicals

For all methods except for gNMR, the ethanol measurements in the hand sanitizers were
calibrated using either (1) solutions prepared from neat ethanol of known purity determined
at NIST, or (2) NIST Standard Reference Material (SRM) 2899a Ethanol-Water Solution
(Nominal Mass Fraction 25 %). The gNMR method was calibrated with NIST

SRM 841 Potassium Hydrogen Phthalate (KHP) or dimethyl sulfone (DMSO>) as an internal
standard.

Hand sanitizers were also all evaluated for isopropanol and fer#-butanol (approved
denaturants) and the potential impurities regulated by the FDA as listed in Table 1.
Calibrants for the ATR-FTIR method were prepared from ethanol and the reagents water,
glycerin, and hydrogen peroxide to mimic WHO/FDA recommended hand sanitizer
formulations. Descriptions of the chemical reagents used for this work are provided in
Table 2. The chromatographic purities of the standards for the hand sanitizer impurity
compounds were estimated using GC-FID at NIST and are also reported in Table 2. Other
method-specific solvents and chemicals used for this work are included in the individual
method summaries in Section 2.4.

Table 2. Chemical Reagents for Hand Sanitizer Ingredients and Impurities.

Compound/Reagent Chemical Standard Grade or Purity NIST Purity Estimated
Information from Product Label by GC-FID (%)
acetal 99% purity 98.4
acetaldehyde Puriss, > 99.5 % purity 92.7
acetone ACS/HPLC grade 100
amyl alcohol 99 % purity 99.0
benzene Pesticide grade 99.9
ethyl acetate HPLC grade 99.9
glycerin USP grade ND
hydrogen peroxide 3 %, USP grade ND
isoamyl alcohol ACS grade 99.7
isobutanol HPLC grade 99.9
isopropanol USP grade 100
methanol Purge and Trap grade 100
n-butanol 99.9 % purity 99.5
n-propanol HPLC grade; > 99 % purity 100
sec-butanol 98 % purity 99.1
tert-butanol ACS grade ND
water HPLC grade ND

ND = not determined



2.2. Hand Sanitizer Materials

Hand sanitizers for this study were obtained primarily from commercial sources (both online
and physical retail stores) over the period from April to July 2020. Exceptions included three
materials that were provided to NIST by a local police department and two samples from
hand sanitizer dispenser stations (one at NIST and one at a local store). A complete summary
of the hand sanitizer materials analyzed is provided in Appendix A. Each hand sanitizer was
given a unique sample identifier code (Sample ID) as it is NIST’s policy to not identify or
potentially discriminate against any possible vendor. For the code, the first number indicates
a unique brand, and the subsequent letter represents a different lot of the same brand, where
applicable. For one of the materials (brand 39), NIST acquired 12 bottles of the same brand
and same lot (lot A), and each material was labeled as 39-A-1 through 39-A-12 to represent
the different units. In total, 72 samples across 48 brands were analyzed as part of this study.
For each hand sanitizer material, the label active ingredient was noted (typically ethyl alcohol
or alcohol) along with the place of manufacture (if listed) and the first six inactive
ingredients. Hand sanitizers were further visually characterized by NIST for their
consistency — either non-gel (non-viscous) or gel. The consistency of the product impacted
the sample preparation for the GC and LC methods, as gels tend to contain carbomer or other
polymers that require strong acid to break the crosslinking to prevent the materials from
fouling the instrument injection ports or columns. The information about the sample
consistency is also provided in Appendix A. Fifty-eight of the sanitizers evaluated were
classified by NIST as having a gel consistency and contained multiple inactive ingredients.
The remaining 14 were characterized as non-gels and had simpler formulations, most of
which were more consistent with the WHO/FDA recommendations.

All hand sanitizers were screened using the ATR-FTIR method to provide a quick
assessment of the ethanol content. Additionally, most of the hand sanitizers were analyzed
using a qualitative NMR approach to screen for impurity compounds. Of the 72 samples, 31
hand sanitizers (nearly half) were also selected for additional quantitative analysis primarily
based on the following four criteria: (1) samples were obtained for analysis from a local
(Maryland) police department; (2) samples appeared to have less than the recommended

60 % ethanol (by volume) based on ATR-FTIR results; (3) samples appeared to have
detectable amounts of the regulated impurities above the FDA limits based on NMR results;
and/or (4) samples appeared to follow the simple WHO/FDA manufacturing formula. The
hand sanitizers selected for detailed quantitative analysis based on these criteria are
highlighted in bold font in Appendix A.

2.3. Mass-Volume Considerations for Ethanol Mixtures

According to the CDC guidelines, hand sanitizers should contain a minimum of 60 % alcohol
by volume to have the proper potency for disinfection [3]. While the alcohol can be either
ethanol or isopropanol, most hand sanitizers currently in the marketplace contain ethanol as
the primary disinfectant, as partially evidenced by the hand sanitizers randomly purchased
for this work (Appendix A). Of these samples, all but one hand sanitizer (Sample 44)
contained ethanol as the primary disinfectant. Our NIST methods were therefore focused
primarily on the reliable quantitation of ethanol in finished hand sanitizer products.



Ethanol content in hand sanitizers is generally reported in units of volume fraction or mass
fraction in percent, which are used throughout this report and are defined as follows:

l £ (%) ethanol = volume of ethanol < 100 1
volume percent (%), ethanol = total volume of solution M

£ (%) ethanol = mass of ethanol < 100 )
mass percent (%), ethanol = total mass of solution @)

For solutions of ethanol in water, volume % and mass % are not equal to each other, and this
reality is important to the reporting and interpretation of our measurement results. For
ethanol and water solutions like hand sanitizers, the masses of each component combined to
prepare the solution are additive and are linear with mass %. However, solutions made by
mixing volumes are not additive and hence are non-linear in volume %. Thus, the
relationship between mass % and volume % is also non-linear [12], which is graphically
presented for simple ethanol-water mixtures as the black curve in Figure 1. Figure 1 also has
a red dashed line for visualization purposes that corresponds to a hypothetical linear mixing
relationship. It should be noted that the volume % for ethanol is always larger than the

mass % except for 0 % and 100 %, corresponding to pure water and ethanol, respectively. An
additional consideration for ethanol determinations is that volume % is temperature
dependent, whereas mass % is not. However, this is not a major concern when working under
controlled laboratory conditions. Using density as a proxy to represent volume changes with
temperature, the density of a 60 % ethanol in water solution (by volume) differs by only

0.35 % over the range from 19 °C to 23 °C [13].
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Figure 1. Relationship of volume % and mass % for ethanol in water mixtures at 20 °C.



2.4.  Analytical Methods

Four different instrumental methods NMR, ATR-FTIR, GC-FID, and LC-UV were evaluated
for their ability to determine the content of ethanol, denaturants, and impurities in hand
sanitizers.

For the NIST GC-FID and NMR methods, quantitation of ethanol and other components was
performed using an internal standard approach with calibrants and samples prepared by

mass %. The use of an internal standard effectively corrects for volume effects and provides
the greatest quantitative accuracy when combined with mass measurements, which are not
subject to temperature effects or non-additive mixing behavior. Two of the methods, ATR-
FTIR and LC-UV, utilize spectroscopic detectors that follow Beer’s law and tend to be linear
with ethanol content in volume %. Therefore, these two methods were calibrated with known
solutions of ethanol prepared by mass but converted to volume % as described in the
subsequent sections.

To compare the results for ethanol determined in hand sanitizers using the four different
analytical methods, it was necessary to convert between ethanol content in mass % and in
volume %, which are not equal to each other as described in Section 2.3. These conversions
were achieved for the hand sanitizers using the density of pure ethanol and the densities of
the individual samples, which were determined by NIST.

Descriptions of the NIST instrumental methods and the approaches used to the estimate the
density of the hand sanitizers are provided in the following subsections.

2.4.1. ATR-FTIR Method

FTIR offers a rapid analytical approach for estimating the major components in hand
sanitizers and, when coupled with ATR, requires no sample preparation. Of specific interest
for hand sanitizers is verifying that they contain the recommended minimum amount of
alcohol to be effective. ATR-FTIR was utilized to screen every hand sanitizer acquired in
this study to estimate ethanol content. A separate calibration was not developed for
isopropanol as there was only a single hand sanitizer (Sample 44) obtained with this as the
primary active ingredient.

Instrumental

A Vertex-70 FTIR spectrometer (Bruker Optics) equipped with a DuraScope (Smith’s
Detection) ATR accessory with a single-bounce diamond element was used to analyze hand
sanitizer samples. For this application the standard globar mid-IR source, KBr beam-splitter,
and room temperature DLaTGS detector were used. Spectra were collected over the
wavenumber range from 550 cm™! to 4000 cm™ at 4 cm™! scanning resolution. Double-sided
interferograms were acquired with 32 coadded scans for a total acquisition time of
approximately 30 s. Interferograms were processed using a Blackman-Harris 3-term
apodization function and 4X zero-filling followed by Fourier transformation. A new
reference spectrum was typically acquired between each sample after cleaning the sample
platform. The reference spectrum for all samples was room air (bare crystal). The
temperature of the samples, instrument or ATR sample platform were not controlled other
than by the lab air handling system. Lab temperature was monitored periodically during data



collection and found to be consistently between 21 °C and 22 °C. All samples were
equilibrated to lab ambient temperature in bulk before analysis.

To minimize potential impacts from evaporation, flat bottom aluminum sample cups with

5 mm round openings in the base were placed on the ATR stage to serve as sample reservoirs
with a capacity of approximately 0.5 mL. While some viscous gel formulations were readily
analyzed by deposition directly on the platform, these reservoirs were necessary for less
viscous, non-gel hand sanitizers, which tended to spread rapidly across the stainless-steel
platform when deposited. Data acquisition was initiated immediately after sample deposition.
Two consecutive repeat scans, without sample replacement, were collected for each analysis.

Calibrants and Standards

A series of calibration solutions for ethanol content were prepared based on the WHO/FDA
recommendations that included only ethanol, glycerin, hydrogen peroxide, and water. The
solution compositions were based on a volumetric target composition but prepared
gravimetrically. Apart from water, the components were weighed into 50 mL volumetric
flasks with target weights based on volume from established densities at 20 °C [14]. No
density value for 3 % hydrogen peroxide could be found so the density of pure water was
assumed. The glycerol and hydrogen peroxide targets were fixed at 1.45 % (by volume) and
0.125 % (by volume) for all calibrants while the ethanol content was varied from 50 % to
90 % (by volume) in 10 % intervals with the balance made up with water for a total of five
calibration solutions. After gravimetrically adding the different components to a volumetric
flask, water (HPLC grade) was added to volume with the mass recorded. The solution
temperature was slightly elevated at this point due to the enthalpy of mixing. The prepared
solutions were subsequently allowed to return to ambient temperature before the final
addition of water to achieve the calibrated volume. The lab temperature was monitored
during preparation of calibrants and ranged from 19 °C to 20 °C. The mass of ethanol was
converted to volume using the density of pure ethanol at 20 °C and ratioed to the total
solution volume to yield the ethanol content in volume % for each calibration solution.

Quantitation

ATR-FTIR spectra were acquired for the series of calibrant solutions to generate a calibration
curve for ethanol content. The series of calibrants were run on several days when multiple
hand sanitizer samples were being analyzed. The instrument configuration was not changed
during this investigation, and the calibration was found to be very stable over time. When
only a small number of samples were being analyzed, a single calibrant, 60 % ethanol (by
volume), was measured as a control to check for consistency with previous calibration data.
To identify spectral bands for calibration purposes, pure component spectra were collected
for the constituents in the calibrant formulations and for isopropanol, which could be present
in significant quantities in some ethanol-based formulations as a denaturant. Figure 2
presents spectra of the five calibrants (left panel) as well as the pure component spectra of the
constituents and isopropanol (right panel). For ethanol quantification purposes one of the C-
O stretching bands from 1020 cm™ at 1065 cm™ was selected. While this band is largely free
from isopropanol interference, glycerin has significant overlapping absorbance in this region.
Consequently, deviations in glycerin content from 1.45 % volume, will have some impact on
prediction accuracy.



Band integrations were conducted without performing a baseline correction. A linear
relationship was observed for ethanol content (volume %), and a calibration was performed
by linear regression of the peak area data (ethanol volume % = 9.3863 x area - 16.8549;

> = 0.9998). Since no baseline was subtracted and other components exhibit broad
absorbances underlying this band (particularly water), a zero-intercept was not expected.
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Figure 2. Spectra of calibrants used for the ATR-FTIR method.

2.4.2. NMR Method

NMR has a long history as a structure elucidation tool but is also a powerful quantitative
analytical technique. Sample preparation is generally straightforward, and quantification of
numerous components within a sample can be accomplished using a single reference
compound of known purity, which can simplify method development. In this study, qNMR
was used as a screening method to measure ethanol and other components using an internal
standard approach. After the initial data collection for screening purposes, quantitative
estimates of numerous impurities in many hand sanitizer samples were obtained using the
intrinsic ethanol content in the hand sanitizers as a reference based on ATR-FTIR
measurements. The estimates derived from this approach ultimately informed sample
selection for further analysis by the chromatography-based techniques.

Instrumental

Hand sanitizer samples were analyzed using a Bruker Avance 11 600 MHz NMR
spectrometer equipped with a 5-mm broadband inverse (BBI) probe and a Sample Xpress
autosampler. Proton NMR was used with quantitation based on an internal standard (1H-
gNMRs). The pulse sequence consisted of a 90-degree excitation pulse width with inverse
gated 1*C decoupling during acquisition (Bruker zgig pulse program). Typical instrumental
acquisition parameters were the following: either 32 or 64 scans with 8§ dummy scans,
spectral sweep width of 20.0276 ppm (12019.23 Hz), 131072 complex data points, 5.45 s
acquisition time, 45s recycle delay, 'H transmitter offset of 6.175 ppm (3706 Hz), 13C
transmitter offset of 35.00 ppm (5281.60 Hz). Decoupling was performed using the GARP4



decoupling pulse sequence with the decoupling power level reduced (to minimize sample
heating) and the *C transmitter offset set to effectively decouple the °C satellites on the
ethanol 'H peaks, which obscured minor components and impurities. All NMR experiments
were performed at a sample temperature of approximately 25 °C.

Calibrants and Samples

Glassware used during sample preparation was rinsed with organic solvents and distilled
water and placed in an oven at 110 °C prior to use. All samples were prepared as dilutions in
deuterium oxide (D20O; Cambridge Isotope Laboratory, DLM-4-25, D-99.9%). For
quantitative measurements based on addition of an internal standard, the calibrant used was
either KHP or DMSO,. For KHP, internal standard stock solutions were prepared by
weighing 0.5 g of KHP and 25 g of D20 gravimetrically into a 50 mL vial and thoroughly
mixing. When DMSO> was used, individual samples were prepared by weighing 10 mg to 20
mg into sample vials followed by addition of 1 mL of D20. The use of DMSO: was
investigated after a precipitate was observed in a small number of samples in the presence of
KHP. The sample constituents causing this effect were not investigated.

A total of 18 hand sanitizer samples were measured using an internal standard added for
quantitative analysis. For most hand sanitizers, samples were analyzed without addition of an
internal standard, and the content of minor components and impurities were estimated
retrospectively by using the 'H ethanol peak areas as the internal standard based on the
intrinsic ethanol content of the hand sanitizer. This required an external estimate of ethanol
content in the sample, which resulted from the ATR-FTIR analysis of the hand sanitizer.

Hand sanitizer samples (30 mg to 100 mg) were weighed directly into 1.85 mL screw top
(PTFE lined) glass sample vials already containing 1 mL of D2O (with or without internal
standard) and immediately sealed to minimize loss of any volatile components. After
weighing, samples were vortex mixed and inspected to ensure complete mixing and
dissolution. Depending on the viscosity of the hand sanitizer formulation, this process was
repeated several times to ensure complete dissolution. In some gel formulations, the solution
remained slightly turbid after mixing. Approximately 1 mL of sample was transferred into
clean 600 MHz NMR tubes (Wilmad WG-1000-7-SJ, 5 mm diameter, 178 mm long).

For compound identification and peak assignment purposes, hand sanitizer spectra were
compared to available spectral data of ingredients and potential impurities from various
sources and then confirmed by comparisons to spectra of known standards. For these
comparisons, samples of pure reference compounds of hand sanitizer ingredients and
impurities (Table 2) were prepared by placing small quantities into D20 (Cambridge Isotope
Laboratory, DLM-4-25, D-99.96% with 0.01 mg/mL DSS). These were typically prepared by
transferring a small drop by glass pipette into the solvent ampoule containing 0.7 mL D0,
mixing, and then transferring into an NMR tube for analysis.

Quantitation

For quantitative measurements, the mass % of the primary chemical components (e.g.,
ethanol, isopropanol) or the levels of the impurities in the hand sanitizer samples, were
calculated using the following equation:
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where,
¢ = chemical component being determined
Nc = multiplicity (# H atoms/peak) of the chemical component spectral peak
Ny = multiplicity (# H atoms/peak) of the internal standard peak
Mc = relative molar mass (molecular weight, g/mol) of the chemical component
M = relative molar mass (molecular weight, g/mol) of the internal standard
Ac = integrated area of the chemical component peak
A1 = integrated area of the internal standard peak
mps = mass (g) of the hand sanitizer material
my; = mass (g) of the internal standard
P1 = purity (mass %) of the internal standard

The internal standard was KHP, DMSOa, or the intrinsic ethanol content in the hand sanitizer
sample. For KHP, all aromatic protons were integrated together. For DMSO; the single peak
was used. For ethanol, the -CH3 and -CH;- peaks were integrated separately. When glycerin
was present in the sample, 2 proton signals are completely obscured beneath the ethanol -
CHb»- quartet. The ethanol integration was corrected for this interference by subtracting area
counts based on the estimated glycerin content from one or both remaining peaks. Similarly,
the isopropanol -CH3 peak is highly overlapped with the ethanol -CH3 peak, and a correction
for this was made from an estimate of isopropanol content from the -CH- peak. After any
required corrections for underlying peaks or other nearby impurity peaks, the areas of the two
ethanol peaks were checked for consistency and used together to estimate the ethanol content
or to serve as the internal standard peak area for estimating impurity content. For most
impurities, mass % results were converted to ppm (ug/g) to be consistent with FDA
guidance.

2.4.3. GC Methods

Capillary GC has high selectivity and sensitivity for characterizing alcohols and impurity
compounds [8,10] and was used for the analysis of hand sanitizers. FID was selected as the
predominant detection method for GC because it is simple to operate, robust, and provides
excellent quantitative reproducibility. Additional qualitative measurements were conducted
combining GC with mass spectrometric (MS) detection for identifying impurities in hand
sanitizer samples.

2.4.3.1. GC-FID

Instrumental

GC-FID was used to analyze and quantitate alcohols and impurities in the hand sanitizer
samples. Two separate GC-FID methods were developed to analyze ethanol or isopropanol,
the active ingredients in the hand sanitizers that are present in the high percent range, and for
impurities that may be present in the low pg/g (ppm) range. The gas chromatograph used in

10



both methods was an Agilent 7890A equipped with an autosampler and an FID detector. An
RXI-1301 Sil MS column (Restek, Bellefonte, PA) with dimensions 60 m x 250 pm x 1 pm
dr (film thickness) was used. Helium was used as the carrier gas at a flow rate of 1 mL/min.
For both methods the FID temperature was set at 250 °C. The hydrogen, air and makeup gas
(nitrogen) for the detector were set to 34 mL/min, 375 mL/min, and 29 mL/min, respectively.

For the determination of ethanol or isopropanol, the initial oven temperature was set to 40 °C
for 1 min before ramping to 250 °C at a rate of 10 °C/min. The final oven temperature was
held for 10 min for a total run time of 32 min. The injection port temperature was 250 °C and
a split liner (4 mm internal diameter) was used containing a silanized glass wool plug. A
sample size of 0.4 pL. was injected using a 10 uL syringe into a split/splitless injector with a
split ratio of 100:1.

For the analysis of the impurities in the hand sanitizers, the initial oven temperature was set
to 40 °C for 1 min before ramping to 250 °C at a rate of 5 °C/min. The final oven
temperature was held for 5 min for a total run time of 48 min. The injection port temperature
was 275 °C and a split liner (4 mm internal diameter) was used containing a silanized glass
wool plug. A sample size of 0.4 uL was injected using a 10 pL syringe into a split/splitless
injector with a split ratio of 50:1.

Calibrants and Samples

For determining ethanol content in non-gel hand sanitizers, samples were prepared
gravimetrically by diluting 250 uL of hand sanitizer and 250 pL of an internal standard
solution in 50 mL of water. The internal standard solution consisted of 60 % - 80 % (by
mass) n-propanol or acetonitrile in water. For gel hand sanitizers, samples were also prepared
gravimetrically as described, but 5 uL of concentrated HCI was added to the hand sanitizer
sample and internal standard mixture to break the polymer crosslinking in the samples prior
to dilution with water.

Calibration solutions for ethanol determinations were gravimetrically prepared in water from
neat ethanol with known purity assessed at NIST for recent measurements using GC-FID and
Karl Fischer analysis. For some analyses, the calibration solutions also included standards of
neat methanol and isopropanol with purity estimated by GC-FID for this work (Table 2). For
each measurement set, four to six independent calibrants were gravimetrically prepared that
bracketed the anticipated alcohol content of the samples by combining 150 - 250 uL of
alcohol with 250 puL of the same internal standard solution that was added to the hand
sanitizer samples (60 % - 80 % by mass n-propanol or acetonitrile) in 50 mL of water.

For determination of impurity content in non-gel hand sanitizers, samples were prepared
gravimetrically by combining 100 pL of an internal standard solution with 1 mL of a hand
sanitizer sample. The internal standard solution was gravimetrically prepared by diluting

300 pL of acetonitrile in 50 mL of dimethyl sulfoxide (DMSO) to yield a = 4000 pg/g (ppm)
solution. For gel hand sanitizers, 0.5 pL of concentrated HCl was added to the hand sanitizer
sample and internal standard to break the polymer crosslinking in the samples. After the
addition of concentrated HCI, the solution was vortex mixed. If the hand sanitizer solution
did not liquify, then an additional 0.5 uL of HCI was added.
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Impurities in the hand sanitizer samples were identified by comparing chromatographic
retention times with standards prepared from neat chemicals, and the impurity content was
estimated based on responses of the calibrants. For calibration of the chemical impurities in
hand sanitizers, three independent mixed stock solutions were first prepared using neat
chemicals with purity determined by GC-FID (Table 2) and DMSO as the solvent. Table 3
indicates the target volume of each impurity standard and DMSO that was added to prepare
the stock solutions. Even though the solutions were prepared using volume targets, the
masses were recorded to obtain the mass fraction of the impurities in each of the three stock
solutions as listed in Table 3, which included correction for the purity of the neat chemicals.
Nine additional intermediate stock solutions were gravimetrically prepared from the three
independent stock solutions using appropriate dilutions with DMSO as the solvent to achieve
a wide range in levels (also listed in Table 3). Finally, calibration solutions were prepared
gravimetrically by adding 100 pL of an internal standard solution (acetonitrile in DMSO
described above) to 1 mL of an intermediate stock solution except for the highest-level
intermediate stock solution, which was only used to prepare lower level intermediate stock
solutions. Table 4 lists the final range of impurity levels (ng/g) in the calibration solutions
used for quantitation.

Table 3. Preparation of stock and intermediate stock solutions for impurity compound
analysis by GC-FID.

Impurities and Target volume | Nominal Nominal mass

solvent for preparation | mass fraction fraction range of
of high-level (%) of high- intermediate-level
stock solutions | level stock stock solutions
(nL) solutions (ng/g)

DMSO (solvent) | 3250 NA NA

Isobutanol 3000 27 45 to 95000

sec-Butanol 900 7.8 13 to 28000

Isoamyl 600 5.2 9 to 19000

alcohol

Amy]l alcohol 600 52 9 to 19000

Acetone 600 5.2 9 to 16000

Ethyl acetate 300 2.8 5 to 9800

n-Butanol 150 1.3 2 to 4500

n-Propanol 150 1.3 2 to 4500

Methanol 150 1.2 2 to 4400

Benzene 100 0.9 2 to 3300

Acetal 100 0.9 2 to 3000

Acetaldehyde 100 0.4 1 to 1200

NA = not applicable (dilution solvent)
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Quantitation

The mass % of ethanol (also methanol and isopropanol in some samples) was determined
using the average response factor (RF) of four to six calibrants. The RFs were determined
using calibrants and were calculated using the following equation:

As /Cs
R=aslcs W
where,

As = area of the alcohol

Ajs = area of the internal standard
Cs=mass % of alcohol

Cis = mass % of the internal standard

After the RF was determined from the calibrants, the same equation was used to determine
the mass % (Cs) in the diluted hand sanitizer samples. Finally, the mass % of the hand
sanitizer was calculated by multiplying the mass % of the diluted hand sanitizer by the
dilution factor.

For the analysis of hand sanitizer samples using the simple, non-gel WHO/FDA
formulations, four independently prepared calibrants were prepared using n-propanol as the
internal standard. The RFs that were generated from the four calibrants were comparable, and
the percent relative standard deviation (%RSD) of the average RF was low (0.32 % RSD).
The average RF of the calibrants was used for quantifying the samples (RF of 1.063).
Quantitation of alcohol in gel hand sanitizers were performed in the same manner as the
WHO/FDA formulations. The average response factor (0.9748 with 0.39 % RSD) was used
to quantitate samples obtained from six independently prepared calibrants with acetonitrile as
the internal standard.

The impurities were quantified using a calibration curve constructed from the ratio of the
impurity to internal standard peak areas versus the ratio of the impurity to internal standard
levels in pg/g (ppm). Linear regression with a non-zero intercept was used. At least one
calibrant prepared from each of the three independently prepared stock solutions were
incorporated in the calibration curve. When possible, calibrant levels that bracketed the range
of the FDA interim limits for the individual impurities were used. In some cases, the impurity
content of a hand sanitizer sample was outside of the calibration range; in these cases, the
value was marked indicating it was outside the calibration range. Table 4 lists the calibration
curve information, including linear regression slope and intercept, and the calibration range
for the impurities in the hand sanitizer samples. The limits of detections (LODs) are defined
here as the lowest calibration point detected. For most impurities, this was a calibrant
prepared about ten times lower that the lowest calibration point used for quantitation.
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Table 4. Calibration curve information for the impurities quantified by GC-FID.

LOD
Impurity Calibration Range (ug/g) m b 12 (ng/g)
Acetaldehyde 9-474 0.59 0.0046 0.9992 8.1
Methanol 29-1154 0.66 0.0063 1.0000 2.0
Acetone 121-4797 0.98 -0.0028 1.0000 9.2
n-Propanol 31-1277 1.24 -0.0056 0.9999 2.0
Ethyl acetate 67-2936 0.85 -0.0060 1.0000 4.7
sec-Butanol 185-7935 1.27 -0.0201 0.9999 13.4
Isobutanol 622-27124 1.47 -0.0570 0.9999 45.9
Benzene 22-886 2.17 -0.0069 0.9999 1.6
n-Butanol 31-1378 1.36 -0.0067 0.9999 22
Acetal 22-896 1.03 -0.0033 0.9999 1.5
Isoamyl alcohol 123-5299 1.50 -0.0170 0.9998 8.9
Amy] alcohol 125-5307 1.48 -0.0238 0.9998 9.0

m = slope of linear regression; b = intercept of linear regression; r> = coefficient of determination of linear
regression; LOD = Limit of Detection

2.4.3.2. GC-MS

GC-MS was used for qualitative analysis of the hand sanitizer samples to identify unknown
impurities, primarily through spectral matching to the NIST Library and by retention time
matching of select calibrants that were prepared for GC-FID analysis.

Instrumental

GC-MS was used to confirm the identity of the impurities in select hand sanitizer samples.
The instrument used was an Agilent 7890A gas chromatograph equipped with an
autosampler coupled with an Agilent 5975c inert XL mass select detector. A J&W Scientific
DB-624 UI column with dimensions 60 m x 250 um x 1.4 um dr (film thickness) was used.
Helium was used as the carrier gas and was maintained at a constant flow rate of 1 mL/min.
The MS source and quadrupole temperatures were set at 230 °C and 150 °C, respectively.
The MS was operated in scan mode between the mass to charge (m/z) range of m/z 29 to
m/z 200. To protect the lifetime of the filament, the ion source and detector were turned off
when ethanol (3.10-3.5 min) and DMSO (23-28 min) were eluting.

The initial oven temperature was set to 40 °C for 5 min before ramping to 65 °C at a rate of
2 °C/min. After reaching 65 °C, the oven was ramped to 240 °C at a rate of 10 °C/min. The
final oven temperature was held for 10 min for a total run time of 45 min. The injection port
temperature was 250 °C, and a split liner (4 mm internal diameter) was used containing a
silanized glass wool plug. A volume of 0.4 pL was injected using a 10 pL syringe into a
split/splitless injector with a split ratio of 50:1.

Calibrants and Samples

The calibration solutions and hand sanitizer samples for the qualitative GC-MS analyses
were the same as prepared and described for the GC-FID measurements.
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2.4.4. LC-UV Method

Ethanol and isopropanol, as well as the harmful impurity methanol, have modest absorbance
at 200 nm. Thus, it was possible to develop a LC method with absorbance detection to
identify and determine these alcohols in hand sanitizer products. However, LC-UV is not
very sensitive and was only able to detect these alcohols at low percent levels. In addition,
many of the other regulated impurities are also not strong UV absorbing compounds, so LC-
UV was not suitable for their detection in the pg/g (ppm) range.

Instrumental

The LC system was comprised of a temperature-controlled autosampler and column
compartment, binary pump, solvent degasser, and a fixed-wavelength UV detector. The
method utilized a Phenomenex C18-2 with 5 um particles and 100 A pore size of dimensions
250 mm (length) x 4.6 mm (internal diameter). The column was maintained at a temperature
of 15 °C. Isocratic elution was used with a binary mobile phase comprised of 95 % water, 5
% acetonitrile (vol/vol) at a flow rate of 1.0 mL/min to separate the three target alcohols. The
total chromatographic analysis time was 10 min. Detection was by UV absorbance at 200
nm. Samples were placed in the temperature-controlled autosampler compartment
maintained at 5 °C. Injection volumes of 1 pL were used to minimize peak tailing as well as
fouling of the column by gel hand sanitizers. All chromatographic peak areas were
determined by manual integration.

As most of the gel hand sanitizers have potential ingredients with greater retention than the
alcohols, it was necessary to include a column flush cycle after the analysis of each gel
sample. This was accomplished by injection of 100 uL of methanol in conjunction with this
isocratic separation. The flow rate was lowered to 0.2 mL/min for 2 min and then the 1.0
mL/min flow rate was resumed. A total chromatographic analysis time of 12 min was used
for the flush cycle.

Calibrants and Samples

Calibrants were prepared by diluting neat standards of individual alcohols with water
gravimetrically to mass percentages encompassing the levels expected in the hand sanitizers
of 40 % to 80 % (by mass). In addition, SRM 2898, nominally 25 % (by mass) ethanol, was
included in the calibration. Five ethanol calibrants were used for ethanol determination.
Calibrants for methanol and isopropanol measurements were prepared at three levels
covering the range of approximately 10 % to 50 % (by mass). Although prepared
gravimetrically, the content of the ethanol and isopropanol calibration solutions were
subsequently converted from mass % to volume % as will be discussed.

Hand sanitizer samples with non-gel consistency were analyzed directly after transfer to a
2-mL autosampler vial. Hand sanitizers with a gel consistency required additional sample
preparation. A 2-mL autosampler vial with a cap was weighed and approximately 1 mL of
hand sanitizer sample was transferred using a gas-tight syringe. The vial with cap and
contents was weighed again. Next, 3 uL of concentrated HCI was added to the sample to
break the crosslinking of the gelling agent and produce a sample with much lower viscosity.
The vial, cap, hand sanitizer sample, and HCI was weighed again. The vial was vortex mixed
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twice for 10 s to fully disperse the acid into the sample before sampling by LC-UV. The
corrected mass of the sample, based on the additional mass of HCIl, was calculated and
accounted for in the quantitative determinations of alcohol content.

Quantitation

For determinations by LC-UV, calibration required conversion of mass % to volume %. This
was required as the sample is injected by volume and the absorbance detector is linear with
respect to volume %. An internal standard was not used that could correct for volume effects.
Mass % was converted to volume % for ethanol and isopropanol water mixtures at 20 °C
using a calculator obtained from https://handymath.com/calculators.html. A conversion table
was not readily available for water-methanol mixtures. However, the limits for impurities are
expressed in mass % units (Table 1), and hence the methanol levels were calibrated in mass
%. Calibration plots of compound peak area versus alcohol % were prepared from 3
injections of each calibration solution dispersed over the chromatographic determination
sequence. Good linearity of response was obtained for the three alcohols (see Figure 3), and
the equations of the curve-fit lines were determined.
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Figure 3. Calibration plots of LC chromatographic peak area versus alcohol %.

Three injections were made for each hand sanitizer sample. The peak area (y-value) obtained
for a sanitizer sample was then used to solve the equation for volume % (ethanol and
isopropanol) or mass % (methanol) (x-value) from the corresponding curve-fit line shown
above (Figure 3). For example, the volume % ethanol = (ethanol peak area — 0.3007)/0.5494.

2.4.5. Density

The densities of the hand sanitizer samples were measured primarily to convert between
mass % and volume % for ethanol content. Expressing ethanol content in different units was
necessary to enable comparison of the method results to each other and to the levels reported
on the hand sanitizer product labels (see Appendix A). Density measurement was also
explored as a potential approach for direct estimation of the ethanol content. This approach
was based on a calibration curve generated from measuring the densities of the calibrants
prepared according to the WHO/FDA formula that are detailed in the section describing the
ATR-FTIR method. Determination of the density of gel hand sanitizers was often
challenging because samples were viscous and often contained entrained air bubbles. To

16



address these challenges, three methods for determining density were compared to assess
applicability for these measurements.

2.4.5.1. Lang-Levy Micropipette Method

The density was measured in select hand sanitizers using a Lang-Levy micropipette method
[15]. A nominal 200 pL or 250 uL pipette was calibrated by filling with pure water until the
water reached the middle of the constriction of the Lang-Levy pipette using a precision
suction device. The mass of water was determined, and the volume of the pipette was
calculated based on the density of water at ambient laboratory conditions [13]. The calibrated
volume of the pipette was determined as the average volume from triplicate determinations
with water. In between replicates and samples, the Lang-Levy pipette was cleaned with water
and ethanol and then dried using a vacuum line.

The density of select non-gel and gel hand sanitizers were determined using the Lang-Levy
method. For each hand sanitizer, a sample was carefully drawn into the calibrated pipette to
the middle of the constriction using a suction device, and the mass recorded. For gel samples,
it was necessary to add 0.5 pL of HCl to 1 mL of sample to render the samples less viscous
to draw the sample into the pipette. Using the pipette volume and the sample mass, the
density of the hand sanitizer was determined. The procedure was repeated with one or two
more fresh samples, and the average of two or three determinations was calculated. The
pipette was rinsed with water and ethanol between samples and dried using a vacuum line.

2.4.5.2. Positive Displacement Pipette Method

The density for all hand sanitizers was estimated using a positive displacement pipette. For
this method, a 100 pL positive displacement pipette was calibrated using three or more
successive replicate water aliquots that were weighed into a pre-weighed receiving vial. The
sample mass and the density of water at laboratory temperature [13] were used to determine
the exact volume of the pipette.

The pipette at the same volume setting (100 pL) was then used to aliquot successive
replicates of a hand sanitizer sample that were weighed into a pre-weighed receiving vial.
Care was taken to avoid sampling air bubbles that were present in some hand sanitizer
samples. Prior to dispensing the sample into the pre-weighed receiving vial, excess sample
was removed from the outside of the pipette tip. Based on the sample mass and the
calibrated volume of the pipette, the density of the hand sanitizer sample was estimated.

2.4.5.3. Hydrometer Method

A hydrometer (ERTCO, USA), calibrated by the manufacturer for specific gravity at 15.55°C
(60 °F), was evaluated for its suitability for use in hand sanitizer measurements. For the
determination of specific gravity in non-gel hand sanitizer formulations, slightly more than
100 mL of the product was placed directly in a 100 mL graduated cylinder and capped with
tightly fit aluminum foil. The cylinder was placed in a circulating water bath at 15.55 °C. A
large paper wipe was placed over the top of the water bath to help achieve the desired
temperature in the graduated cylinder. After approximately 30 min of thermal equilibration
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time, the hydrometer was carefully placed in the center of the cylinder. Some overflow of the
product occurred, allowing the value of the hydrometer to be measured directly by floating
above the top of the cylinder, rather than reading through the glass of the cylinder. A
magnifier lens was used to estimate the value of the specific gravity. It was necessary for
measurements of the gel sanitizers to render the samples less viscous by the addition of

200 pL of concentrated HCI. For these measurements, 50 mL of sanitizer was added to the
cylinder, the HCI added, and then the final 50 mL was added. A long spatula was used to
mix in the HCI, breaking the gel properties. The effect of dilution of the sample by the HCI
was neglected. The setup consisting of the temperature-controlled water bath, the graduated
cylinder, and the hydrometer used for the determination of density is shown in Figure 4.

Specific gravity is defined here as the density of the hand sanitizer divided by the density of
water at 15.55 °C. Therefore, the hydrometer values were multiplied by the density of water
at 15.55 °C [16] to convert from specific gravity to density. The data were not corrected for
the difference in specific gravity between room temperature (about 22 °C) versus 15.55 °C.

Figure 4. Determination of density of hand sanitizers with a hydrometer.
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3. Results and Discussion

Hand sanitizer samples were obtained from commercial sources (both online and physical
retail stores). Exceptions included three materials that were provided to NIST by a local
police department and two samples from dispenser stations. In total, 72 samples across 48
brands were obtained and analyzed as part of this work.

ATR-FTIR was used to screen and estimate the ethanol content in all hand sanitizers. In
addition, NMR was used to screen most of the samples for ethanol and other ingredients and
impurities. The results from these screening measurements, which are described in a
subsequent section containing the individual method results (Section 3.3), partially impacted
which hand sanitizers were analyzed by the additional methods GC-FID and LC-UV. The
next two sections describe the results obtained for hand sanitizers containing percent levels
of three alcohols ethanol, isopropanol, and methanol, which were identifiable by all methods
evaluated for this work.

3.1.  Results for Ethanol by All Methods

Ethanol was the primary alcohol disinfectant found in all but one of the hand sanitizers
obtained for this study (see Appendix A). Four primary analytical methods qNMR, ATR-
FTIR, GC-FID, and LC-UV were used to determine the ethanol content in a subset of 18
hand sanitizers that were selected primarily because they were either: (1) from the local
police department, (2) suspected to have ethanol content below 60 % (by volume) based on
ATR-FTIR results, (3) had notable amounts of impurities based on preliminary product
evaluations using NMR, and/or (4) appeared to follow the temporary WHO/FDA
manufacturing formula.

To facilitate a comparison of the measurement methods used in this study, the individual
method results for ethanol reported as mass % in selected hand sanitizers are presented in
Table 5. Two of the methods, GC-FID and gNMR, were calibrated using solutions prepared
in mass % and hence provided direct results for hand sanitizers in mass %. The %RSD values
for these two methods represent the measurement uncertainty for the hand sanitizer samples
measured in replicate and was not determined for samples measured once. In contrast, the
LC-UV and ATR-FTIR methods were calibrated using solutions converted to volume %, and
hence the mass % results were derived from the volume % results using the density of
ethanol at 21 °C (0.7885 g/mL) and the hand sanitizer densities determined using the positive
displacement pipette method (also provided in Table 5). The %RSD for the derived results
for LC-UV and ATR-FTIR include the relative uncertainties of the method and the hand
sanitizer density measurements, as well as the estimated variability of the density of ethanol
over the laboratory temperature range from 19 °C to 23 °C (%RSD =0.17 %) [14].

The analogous results for ethanol in volume % are presented in Table 6. For volume %, the
results for LC-UV and ATR-FTIR were directly calculated, whereas the results for GC-FID
and qNMR were derived from the results in mass % using the densities of ethanol and the
hand sanitizers as described for the LC-UV and ATR-FTIR results in Table 5. Note that the
ethanol results reported in volume % (Table 6) are all greater than the results in mass %
(Table 5) for the same hand sanitizers, which is expected given the relationship between
volume % and mass % for ethanol solutions (see Section 2.3). To facilitate a visual
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comparison of the individual method results, the values in Table 6 were plotted and are
presented in Figure 5.

As can be observed in Tables 5 and 6 and Figure 5, good agreement was generally achieved
across the methods for ethanol, except for the ATR-FTIR results for one hand sanitizer
highlighted in red font (Sample 36-A) with a high percentage of methanol (methanol results
are discussed in more detail in the subsequent section 3.2). For Sample 36-A, the ATR-FTIR
was excluded from the calculations for the average ethanol content because the result was
known to be biased. Even though sample viscosity impacted the sample preparation and
handling for the chromatographic methods, it did not impact the comparability of the results
across methods but did increase the variability of the results for the LC-UV method as
observed by the high %RSD (> 5 %) for some gel samples. The individual method results for
ethanol will be described in more detail in each of the follow subsections.

Table 6 also contains the average of the results from all methods, expressed as volume % to
facilitate a comparison to the CDC minimum and the label values. Given this was the only
intention for the calculation of an average value, a rigorous uncertainty value for combining
the different method results was not determined. The average results in Table 6 reveal that
five of the 18 hand sanitizers contained less than the recommended 60 % ethanol (by
volume). A plot of the NIST average ethanol result (volume %) versus the label claim for
these hand sanitizers is provided in Figure 6. For visualization purposes, the NIST results are
reported with error bars representing + 2 x SD, where the SD was calculated from the
dispersion of individual method results in Table 6 for each hand sanitizer. For these 15 hand
sanitizers, six were found to have less ethanol, five were found to have more, and four were
consistent with the ethanol volume % on the label. One hand sanitizer (Sample 6) was well
below both the label claim and the CDC minimum of 60 % by volume.
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Table 5. Results for ethanol (mass %) in 18 hand sanitizers by four methods.

ETHANOL RESULTS: MASS %
SAMPLE DENSITY GC-FID LC-uv GNMR ATR-FTIR
D Viscosity | (@/mL) %RsD| Pt orsp | PEVEd gpep | DIt gpep | DErVEd e
Result Result Result Result
1 nongel | 0.848 0.11| 766 03 | 778 15 | 763 01 | 761 =
2 nongel |0856 004| 734 04 | 735 11| 729 00 | 738 -
3 nongel |0852 012 713 03 | 711 16 | 709 06 | 716 -
4A gel |0834 009| 544 04 | 603 92 | sa0 01 | 567 -
48 gel |0845 009| 545 03 | 600 58 | 542 - 56.0 -
6 gel |0957 018 272 03 | 285 223 | 270 - 261 04
7-C gel |0869 007] 69.0 - 743 63 | 69.0 - 69.0 -
8-A gel |0925 009| 437 08 | 453 111 | 435 - 415 09
10  nongel | 0863 006| 690 15 | 694 14 | 698 - 70.6 -
12 gel [0901 019 526 08 | 522 118| 521 02 | 507 o5
13 nongel | 0826 013| 810 11 | 87 51 | 813 - 80.9 -
17  nongel | 0849 043 | 747 17 | 754 a6 | 757 - 76.3 -
20 gel |o0856 010| 703 - 674 91 | 707 01 | 685 -
30 gel |0864 021] 640 - 655 83 | 642 - 64.2 -
36-A gel |o0870 033| 518 02 | 513 53 | 488 - 63.9 -
36-8  gel |0874 006 | 657 - 689 65 | 659 09 | 655 -
39-A-1  gel |o0881 o016 618 - 606 54 | 613 00 | 623 -
40 nongel |0845 043| 752 18 | 763 10 | 753 01 | 755 -

--, %RSD not determined for single measurements; Red font indicates result biased by a known interference

Table 6. Results for ethanol (volume %) in 18 hand sanitizers by four methods along with
the average method result for comparison to the CDC minimum value and the product label.

ETHANOL RESULTS: VOLUME %
SAMPLE DENSITY GC-FID LC-UV gNMR ATR-FTIR AVERAGE | LABEL
: X Derived Direct Derived Direct All

ID Viscosity [ (g/mL) %RSD Result %RSD Result %RSD Result %RSD Result %RSD Methods Vol. %
non-gel | 0.848 0.11 82.3 0.5 83.6 1.3 82.0 0.4 81.8 82.4 N/A
non-gel | 0.856 0.04 79.7 0.6 79.8 0.9 79.1 0.2 80.1 79.7 N/A
3 non-gel | 0.852 0.12 77.0 0.6 76.8 1.3 76.6 0.9 77.4 76.9 N/A
4A gel 0.834 0.09 57.5 0.7 63.8 9.0 57.1 0.3 60.0 - 59.6 70
4B gel 0.845 0.09 58.4 0.6 64.2 5.5 58.1 - 60.0 - 60.2 70
6 gel 0.957 0.18 33.0 0.6 34.6 21.9 32.8 - 31.7 0.1 33.0 70
7-C gel 0.869 0.07 76.0 - 81.8 6.1 76.0 - 76.0 - 77.4 70
8-A gel 0.925 0.09 513 1.0 53.1 10.8 51.0 - 48.7 0.6 51.0 65
10 non-gel | 0.863 0.06 75.5 1.8 75.9 1.1 76.3 - 77.2 - 76.2 80
12 gel 0.901 0.19 60.1 1.1 59.6 115 59.5 0.5 58.0 0.1 59.3 75
13 non-gel | 0.826 0.13 84.8 1.4 86.6 4.8 85.2 - 84.7 85.3 80
17 non-gel | 0.849 0.43 80.4 2.3 81.2 4.0 81.5 - 82.2 81.3 80
20 gel 0.856 0.10 76.3 - 73.2 8.8 76.7 0.3 74.3 75.1 70
30 gel 0.864 0.21 70.1 - 71.7 7.9 70.4 - 70.4 70.7 62
36-A gel 0.870 0.33 57.1 0.7 56.6 4.8 53.8 - 70.5 55.9* 70
36-B gel 0.874 0.06 72.8 - 76.4 6.2 73.0 1.1 72.6 73.7 70
39-A-1 gel 0.881 0.16 69.0 - 67.7 5.0 68.5 0.4 69.7 -- 68.7 70
40 non-gel | 0.845 0.43 80.6 2.4 81.8 0.4 80.7 0.7 80.9 81.0 80

--, %RSD not determined for single measurements; Red font indicates result biased by a known interference; *, average
excludes ATR-FTIR result.
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Results for Methanol and Isopropanol by Multiple Methods

Given the prevalence of hand sanitizers recalled by the FDA due to contamination with
methanol, we focused special attention on the identification and quantitation of this impurity
in hand sanitizers. Methanol is currently regulated to a limit of 630 ppm (0.063 mass %)
under the interim FDA guidance (see Table 1).

Hand sanitizer 36-A was qualitatively identified as containing a high level of methanol by all
four methods investigated for this work. The mass % for methanol in Sample 36-A was
quantitated using GC-FID, LC-UV, and qNMR, with results presented in Table 7; the ATR-
FTIR method was not developed to quantitate methanol and hence no value was determined.
The three quantitative methods were calibrated using solutions prepared in mass % and hence
provided direct results for methanol in hand sanitizers in mass %. The GC-FID and gNMR
results for this sample agree, but the LC-UV results are somewhat low and have a large
variability (11 %RSD). For the LC-UV method, Sample 36-A was cloudy and required
filtering after adding HCI, which could contribute to the higher variability and poorer
agreement with the other results.

In addition to Sample 36-A, screening results from NMR identified four additional hand
sanitizers (Sample 13, Sample 17, Sample 31, and Sample 36-B) that appeared to contain
methanol above the FDA limit of 0.063 % (by mass). When these samples were measured
using a more rigorous approach by GC-FID, three of the four were found to exceed the limit
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(Sample 13, Sample 31, and Sample 36-B). Table 7 summarizes the results for these four
additional hand sanitizer samples. The GC-FID and qNMR results agree except for Sample
17; the source of this discrepancy was not further explored. The four samples with lower
levels of methanol were well below the detection limit for the LC-UV method (= 1 % by
mass) and were not determined.

The results for methanol in Sample 36-A and Sample 36-B should also be compared to each
other. Both samples were from the same brand (brand code 36) but represented different
bottles and lot numbers (A and B). While both samples were found to exceed the FDA limit
for methanol, Sample 36-A exceeds the FDA limit by a factor of over 200, whereas Sample
36-B is very close to the limit at = 0.07 % (by mass).

Table 7. Summary of results for methanol (mass %) in 5 hand sanitizers by three methods.

METHANOL RESULTS: MASS %
SAMPLE GC-FID LC-UV qNMR
D viscosity | D7 orsp | P grep | P grsp
Result Result* Result

13 non-gel 0.79 -- nd -- 0.76 -

17 non-gel 0.021 -- nd -- 0.065 --

31 gel 0.81 - nd - 0.73 --
36-A gel 13.8 1.1 10.1 11 13.0 --
36-B gel 0.072 - nd - 0.065 --

nd, not determined; --, %RSD not determined for single measurements;
*LC-UV results calibrated by mass% for this impurity

Only one of the hand sanitizers evaluated in this study, Sample 44, was found to contain
isopropanol as the primary disinfectant alcohol. In addition, isopropanol is an approved
denaturant and was identified in seven additional products at much lower levels using gqNMR
(results to be discussed in Section 3.3.2). Results for isopropanol in volume % in Sample 44
and five other hand sanitizers that met one of our four criteria for additional analyses by
multiple methods are presented in Table 8. For isopropanol, the GC-FID and qNMR results
were derived from results in mass % whereas LC-UV yielded direct results for volume %
(see descriptions of direct and derived results in Section 3.1). The results agree across the
different methods and demonstrate the applicability of these measurement approaches for
determining isopropanol in hand sanitizers. Since the gel hand sanitizers pose an additional
measurement challenge for the LC-UV method, results were not determined for three of the
hand sanitizers in Table 8.
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Table 8. Summary of results for isopropanol (volume %) in 6 hand sanitizers by three

methods.
ISOPROPANOL RESULTS: VOLUME %
SAMPLE DENSITY GC-FID LC-uv GNMR
D Viscosity | (/mL) %RsD | PEVed orsp | Pt orsp | PEVEd orep
Result Result Result
3 nongel | 0852 0.12| 3.98 ~ 457 44 | 392 11
4A gel |083 009]| 300 20 nd - 2.83 -
48 gel | 0845 009| 303 20 nd - 2.90 -
13 non-gel | 0826 0.13| 1.32 - 111 67 | 132 -
20 gel |0856 0.10| 3.95 . nd - 3.82 .
44 nongel [ 0899 013| 609 067 | 592 17 | 602 061

nd, not determined; --, %RSD not determined for single measurements

3.3. Individual Methods Results and Discussion

As was just discussed, the GC-FID, gNMR, ATR-FTIR, and LC-UV methods used at NIST
were tailored for the measurement of ethanol, the principle active ingredient in hand
sanitizers. In addition, the three methods GC-FID, gNMR, and LC-UV were used to measure
isopropanol and methanol in select samples. Isopropanol is of interest as an alternate
disinfectant or a denaturant in hand sanitizers, and methanol is an impurity of concern.

The applicability of each method for determining additional chemical impurities (besides
methanol) relative to the interim limits reported in the FDA guidance [4] and Table 1 of this
report was investigated. Of the NIST methods, GC-FID had the selectivity and sensitivity to
measure all potential impurities at the required levels, while gNMR was able to determine
most of the compounds. The LC-UV method did not have the selectivity or sensitivity to
measure the impurities except for methanol in one hand sanitizer (Sample 36-A) that
contained a very high level of methanol. The use of ATR-FTIR for measuring any
compounds besides ethanol was not explored for this work.

A comparison of the collective results for ethanol, methanol, and isopropanol were discussed
in Sections 3.2 and 3.3; however, the details for each of the methods including any specific
method challenges or strengths were not discussed. This Section (3.3) describes the
individual method results in more detail. Additionally, the gNMR and GC-FID results for
impurities are also presented and discussed.

3.3.1. ATR-FTIR Results

ATR-FTIR provided the simplest and fastest method for screening the ethanol content in
hand sanitizers of the methods evaluated. ATR-FTIR was not used to determine impurities,
many of which had regulated limits that were anticipated to be below reliable quantification
or detection limits for the method utilized here.
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The method was used to estimate the ethanol content in each of the hand sanitizer materials
listed in Appendix A. Spectra of Sample 39-A-1 and Sample 36-A are provided in Figure 7
along with spectra for an ethanol calibrant, pure methanol, and pure ethanol. Sample 39-A-1
was selected because it represents a ‘typical’ hand sanitizer containing primarily ethanol as
the disinfectant with no other major alcohols present. Conversely, Sample 36-A was found to
contain = 13 % (by mass) methanol in addition to ethanol as the primary disinfectant, as
indicated by the shoulder on the primary ethanol peak used for integration and quantitation.
For hand sanitizers such as Sample 36-A that contain a significant proportion of methanol,
the spectral overlap of the methanol peak with the integration region used for ethanol (as
illustrated for pure ethanol and methanol in Figure 7) contributes to a positive bias for the
ethanol content estimated using the method described in this report. For Sample 36-A,
methanol is readily observable as a shoulder on the ethanol peak. Other bands associated
with methanol are also evident in this sample in regions of the spectrum not shown in
Figure 7.

The estimated ethanol volume % for each of the hand sanitizers using single ATR-FTIR
measurements is provided in Figure 8. The results in Figure 8 indicate that most materials
screened in this study have ethanol content above the CDC recommended minimum of 60 %
(by volume), except for the five hand sanitizers labeled and highlighted in orange.

Sample 36-A, which has = 13% methanol (by mass), has an ethanol content that is
overpredicted using the ATR-FTIR method (highlighted in yellow) due to the spectral
overlap previously described.

Sample 39-A-1

70% EtOH Calibrant
Sample 36-A
Methanol

Ethanol

Abs

> S— 2 Py X

1500 1400 1300 1200 1100 1000 900
Wavenumber (cm'1)

Figure 7. ATR-FTIR spectra of hand sanitizers compared to ethanol and methanol.
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Figure 8. Estimated ethanol volume % in hand sanitizers by ATR-FTIR.

The ATR-FTIR method is rapid, relatively easy, and is generally applicable to most hand
sanitizers regardless of sample complexity. A notable exception where FTIR results did not
agree well with the other method results is for a hand sanitizer sample that contained a
significant amount of methanol. However, the presence of methanol in this sample was
readily observed. Further method development to quantify methanol and establish detection
limits is feasible but was not investigated here.

The applicability for the analysis of impurities is another potential limitation of the method.
While the regulated levels of some impurities are likely to be in a detectable range,
establishing reliable limits of detection considering all potential interferences (including both
ingredients and other impurities) would require a thorough investigation. Finally, only a
single hand sanitizer sample was obtained with isopropanol as the primary disinfectant and,
consequently, the development of a quantitative method was not pursued. Based on the
spectral features, a calibration model to quantify isopropanol should be feasible, either as the
primary component or as a denaturant in ethanol-based formulations.

3.3.2. NMR Results

NMR was used both as an analytical method for the quantitative determination of ethanol and
as a screening method for estimating the presence of denaturants and impurities in hand
sanitizers. NMR can be used to screen hand sanitizers because it is straightforward and
involved the simple dilution of hand sanitizer samples in D,O. An example spectrum
obtained for a hand sanitizer sample is shown in Figure 9. The spectrum exhibits moderate
complexity but most components of interest, both ingredients and impurities, still exhibit one
or more proton resonances with suitably resolved chemical shifts, 6 (in ppm units), to enable
identification and quantification. As indicated by the labels in Figure 9, ingredients such as

27



isopropanol (denaturant) and glycerin (wetting agent) are readily discernible by NMR as are
various impurities. Impurities that are spectrally resolved and that can potentially be
quantified using NMR include methanol, acetaldehyde, acetal, ethyl acetate, benzene,
acetone, isobutanol, isoamyl alcohol, and n-propanol. Additional impurity signals not shown
in this figure included the aldehyde proton from acetaldehyde, observed as a quartet of
resonances at a chemical shift of 9.66 ppm, and the -CH- proton from acetal, observed as a
quartet at a chemical shift of 5.23 ppm. Acetal has 3 additional proton signals; however, none
were detected, likely due to overlap with ethanol or other nearby signals.

Acetal, which is in equilibrium with acetaldehyde, was detected in most samples in which
acetaldehyde was found but was not quantified due to poor signal-to-noise ratios and some
spectral overlap with interfering peaks. Visual examination of the signals showed that the
acetal content was directly correlated to acetaldehyde content in the sample. Peak fitting
techniques may be necessary to provide suitable quantitative estimates in the case of acetal.
These techniques may also offer improved quantitative accuracy and correction for
interfering peaks in some other components as well, but this approach was not investigated.
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Figure 9. Example NMR spectrum of a hand sanitizer (Sample 2) showing ethanol, other
ingredients, and impurities.
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The FDA limit for benzene of 2 ppm (ng/g) was below the detection limit for the NMR
method used here. Benzene was detected with reasonable confidence in several hand
sanitizers with a single sample (Sample 31) having a notably higher amount than any other,
estimated at approximately 60 ug/g (ppm) by GC-FID (results to be discussed). Identification
in the NMR spectrum was only tentative in several other samples that were found to have
benzene levels below 10 pg/g (ppm) by GC-FID.

Quantitative NMR was used to determine the ethanol content in hand sanitizers using either
potassium hydrogen phthalate or dimethyl sulfone as internal standards. Evaluated samples
included three from the local police department (Sample 1, Sample 2, and Sample 3) and
several commercial samples, including any that appeared to have less than the recommended
60 % ethanol (by volume) (based on the ATR-FTIR screening results) or that appeared to
have significant amounts of the regulated impurities. A summary of the qNMR results for
ethanol in selected hand sanitizers was provided in Tables 5 and 6. QqNMR is a sensitive,
selective technique for determining ethanol and provided results with low variability that
agreed well with the other method results.

Most of the hand sanitizers obtained for this study were analyzed for ingredients and
impurities using the NMR screening approach. This data was subsequently used to estimate
the impurity content in the hand sanitizers using the intrinsic ethanol content estimated in the
sample as a quantitative internal reference. The estimated mass % of ethanol in the sample
was from either an existing qNMR result when available, or from ATR-FTIR. Two
ingredients, isopropanol and tert-butanol, which are added to hand sanitizers as denaturants
and are present at percent levels, were also estimated in 53 of the hand sanitizers using NMR
(Figure 10). However, in many hand sanitizers, the compounds were either below the
detection or quantitation limit; these results were estimated as = 0 % (by mass) for
visualization purposes. Quantitative NMR results for isopropanol in select hand sanitizers
were also presented in Table 8 and discussed in Section 3.3.

M isopropanol M tert-butanol

Estimated Mass %

| l
0 - & i
[32]
—

Figure 10. NMR estimates of denaturants in hand sanitizers.
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NMR was also used to estimate levels of impurities present in the hand sanitizer suite and to
compare these results to the interim limits set by the FDA. Methanol, acetaldehyde, and »n-
propanol were the impurity compounds estimated to be above the FDA limit in some hand
sanitizers using NMR (Figure 11). Isobutanol, isoamyl alcohol, acetone, and ethyl acetate
were detected in some samples but were estimated to be well below the FDA interim limits;
the results are provided in Appendix B. Impurities that were below the detection or
quantitation limit in some hand sanitizer samples were estimated as = 0 % (by mass) in
Figure 11 and Appendix B.

acetaldehyde

FDA Limit ”
il . e 1 Al
NNLONOLORVLORUALLOTNOTNNINONOVNOANIDFIDONNNOANNINIDNO0HO S
[a'Ea] NN mm INES gy}
(o2
mam
o
methanol
=]
X
(7,]
"
(1]
e}
[J]
d
£
= .
7 FDA Limit
wl =
a A a I a
NN NN mm 1<
[ Al
mam
oM
n-propanol
FDA Limit
1NN L. I 1 ||| 11s
NN NN mm c'\<.(d\
Mmoo
Sample ID !

Figure 11. NMR estimates of impurities above the FDA limits in some hand sanitizers.
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The NMR methods presented here provide a straightforward means of quantifying ethanol
and many impurities with regulated limits in hand sanitizer samples. At the outset of the
study, potential interferences and impurities that might be observed were unknown and
therefore a simple sample preparation procedure involving dilution in D20 was used for
general screening purposes with no quantitative internal standard. Based on the collection of
samples evaluated in this study, no sample interactions or overlapping signal interferences
were observed for the internal standard dimethyl sulfone, suggesting it could be broadly
applicable for gNMR purposes with hand sanitizer formulations. While detection and
quantification limits were not specifically established in this work for NMR, they appear to
be sufficient for the regulated levels for most components of interest with the exception of
benzene and acetal. In addition, one could use an intrinsic component as an internal standard
based on an independent estimate of that component, which was employed here in a
retrospective analysis based on ethanol content estimated by the ATR-FTIR method. An
external standard approach could also potentially be used but was not investigated

3.3.3. GC Results

GC is a high-resolution separation technique that, with an appropriate column, can separate
many alcohols, solvents, and impurities in hand sanitizer formulations. FIDs are simple,
robust, and sensitive detectors that have a large linear response range. FIDs are less
expensive than mass spectrometers and are typically found in most analytical laboratories.
Thus, GC-FID is a good candidate for the analysis of hand sanitizers. However, depending
on the sample capacity of the column used, this technique often requires sample preparation
and dilution.

In this work, the first samples analyzed by GC-FID were simple, non-gel hand sanitizers
following the WHO/FDA recommended formulations. The addition of an internal standard
and dilution were necessary for sample preparation of the simple formulations. Water was
selected for this purpose because it is not detected by the FID and does not interfere with any
other peaks. The samples were diluted 200-fold, and a split ratio of 100:1 was used because
of the high alcohol content in the hand sanitizers.

Calibrants were prepared in a similar way to mimic the preparation steps for the samples.
Sample chromatograms of simple, non-gel formulation hand sanitizers are shown in

Figure 12. An RXI-1301 column was used because it could separate many alcohols, solvents,
and impurities found in the sample matrix. There are other columns available that may also
provide adequate separations such as DB-624 [10].

Two control samples were prepared to verify the accuracy of the quantitative GC-FID
measurements. The first control was prepared using SRM 2899a Ethanol-Water Solution
(Nominal Mass Fraction 25 %), which is a certified reference material with a certified value
for ethanol in a water matrix. The percent recovery for this control sample was 100.6 %. In
addition to this control, a hand sanitizer solution that was prepared in the laboratory using the
WHO/FDA formulation with a known amount of ethanol added (one of the ATR-FTIR
calibrants), was analyzed. The recovery for this second control was 99.9 %. The ethanol
values of the controls determined by GC-FID are in good agreement with the certified or
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Signal Response

gravimetric value, indicating that this method is appropriate for quantifying ethanol in hand
sanitizers that follow the FDA formulation.

The internal standard used in the early stages of this work was n-propanol, which was chosen
from past methods and experience at NIST for quantifying ethanol in ethanol/water solutions.
However, the internal standard was changed from n-propanol to acetonitrile in later analysis
because n-propanol is a potential impurity in hand sanitizers (Table 1). It is not expected that
the ethanol values were biased significantly for the analyses that used n-propanol as an
internal standard because the estimated n-propanol content in the samples was typically low
(below 300 ng/g) whereas the n-propanol content of the internal standard spiked into the
samples was high (73.6 % by mass). Changing the internal standard from n-propanol to
acetonitrile did not cause any apparent problems with the method.
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Figure 12. Example GC-FID chromatograms of simple, non-gel formulation hand sanitizers.
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Samples with more advanced formulations, including gel hand sanitizers, can also be
analyzed with this method after a sight modification of the sample preparation procedure by
adding a small amount of HCI to make the sample less viscous before final dilution. The
addition of the HCI or the more complex matrix of the gel hand sanitizers did not pose any
interferences or issues during analysis. Figure 13 shows sample chromatograms of three gel
hand sanitizer samples along with a calibrant.

=)
Sample 6 g
80 S
g
L3
60 g T %
g i
40 £ I
2
20- m o 2
A <E
0 T T T T T 1
4 5 6 7 8 9
)
Sample 8-A 5
80 P —§
L=
* E e
Q4 5 =B
2 = 2 E
S 20 = 3 ,Cé
& < £
5] 0 T T T pnt T
~ 4 5 6 7 8 9
5 3 H
= Sample 13 2 ]
5w -~ & %
%) ] 15 0 3
= S =g
60- < a. E w
= 3 2=
40 m 4 S &
2 o
20 3£
<=
U T T T T T 1
4 5 6 7 8 9
—= =)
Calibrant 2 5
80 — o) < "g
=) = & o g
60 g £ £ E=
2 = s 52
40 b = % . g E
5 = b
2 32
R =)
0 T T T T T 1
4 5 6 7 8 9
Time (min)

Figure 13. Example GC-FID chromatograms for more complex (gel) hand sanitizer
formulations and a calibrant.

Even though many of the hand sanitizer formulations are complex with several ingredients
including polymers and fragrances (see Appendix A), it is unlikely that the matrix would
cause any issues with the quantification of alcohol by this method. The dilution of the
samples with water does help eliminate matrix effects. However, this approach needs to be
validated with matrix certified reference materials or through spiking experiments, which has
not been performed in this study.

GC-FID was also used to identify and quantitate commonly found impurities in hand
sanitizer formulations, including the impurities that the FDA has set interim limits (Table 1).
Figure 14 shows samples chromatograms of impurities found in two hand sanitizer samples
and a calibrant.

33



hv r T
[oyooje [Awry
L 4 |
Lo e Lo
[0Y09o[e [Aweos| _— [0Y0oTe [AweoS] = 3
L | [0yOoTe JAueos| L
4
[BI0Y ] 18190V —] < [B10Y ————]
=
| foueing-u; |
foueing-u
=]
- ﬂ\ E
<
| o ouozuog nm\m SUSTIT —
[ouBIqos] ——— [oueINgosy ﬁlm —
[oueInqos|
L o L
- - [oueing-oas F
[ouBINg-098———
Jereoe (AP <. aerooe [Ag | |
= Je1o0e [Ayg
-2 = -2
[ouedoig-u
| [ouedoig-u —= Susdora————+
= [ouedoig-u
(pIepue)s [euId)uI) (pIepue)s [euId)UI) (pIepue)s [eUI)UI)
OINIUOOY | L [0y — O[NIU0OY oo
L ﬁ U0y L
J
[oueyyg [ouey
JoueyRN _| o o JOUBYIO o
SPAYIPIEIIY = [ouBIN opAyapTEIOY = apATYapTEIoY ]
= L | = - L
[}
2 E £
m L m E = F
b 3 <
n A o
[aamassan T T 4_ e - T < T T T <
88K wo $TIR3B8I&RKL22wo TIB 8AKL_wo

Figure 14. Example GC-FID chromatograms for impurities in two hand sanitizers and a calibrant.
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The results for impurities quantified by GC-FID for select hand sanitizer samples are
summarized in Tables 9 and 10. The tables also note (with a checkmark) if the identity of the
impurity was confirmed by NMR and/or GC-MS. Impurities that were found to be higher
than the FDA interim levels in one or more samples are highlighted in Table 9, and
impurities that were below the FDA interim levels in the select samples tested are listed in
Table 10. Corresponding plots of the GC-FID results for the impurities above and below the
FDA interim limits are presented in Figure 15 and Appendix C, respectively.

Five replicates portions of each Sample 39-A-1, Sample 33, and Sample 7-A were prepared
to determine repeatability of the sample preparation protocol for impurity determination. The
repeatability was good for most impurities with a %RSD of less than 3 % except for
acetaldehyde and acetal. The %RSD for acetaldehyde was 10 % and 14 % for Sample 39-A-1
and Sample 7-A, respectively. The %RSD was higher for acetal with results of 23 % and

38 % for Sample 39-A-1 and Sample 7-A, respectively. Acetaldehyde may form acetal in the
presence of ethanol. It is unclear if the preparation and dilution of samples could affect the
equilibrium of this reaction, which might contribute to the increased variability in the results.
It should be noted that in the USP monograph for determining impurities in alcohol, the sum
of acetaldehyde and acetal is used to express the content of acetaldehyde in ethanol [8].

Calibrants were prepared in DMSO because all impurity standards were soluble in this
solvent and it did not chromatographically interfere with the analytes. However, a high inlet
temperature was used to ensure that the DMSO is vaporized in the injection port. Preparing
calibrants containing multiple volatile analytes was a challenge. Lower volatility impurities
were added first followed by the addition of the more volatile impurities to minimize
evaporation. Because some calibrants were prepared from stock solutions that were
subsequently diluted, any potential preparation errors would propagate to the lower level
calibrants. To help identify and compensate for these potential issues, three independent
stock solutions were prepared and appropriately diluted to yield solutions that were used to
generate the calibration curve.

The FDA interim limit for benzene is 2 ppm (ug/g). Benzene was challenging to quantify at
this low level using this GC-FID method. A calibrant was prepared at 1.6 pg/g; however, the
signal was very low and was not used in the calibration curve although a peak was detected
at this level. Only benzene levels higher than the next calibration point of 16.6 pg/g were
within the calibration range and could be properly quantified. Benzene was detected by GC-
FID in seven hand sanitizers (Sample 7-A, Sample 12, Sample §8-A, Sample 16, Sample 45,
Sample 37, and Sample 31). Of these samples, the signal was within the calibration range
only in Sample 31 (Table 9). The levels were too low to confirm by NMR, and only Sample
31 was confirmed by GC-MS in full scan mode. These samples were reanalyzed by GC-MS
in selected ion mode (m/z 78, 77, and 51) to confirm the identity of benzene. All hand
sanitizers that were identified by GC-FID to contain benzene were confirmed by GC-MS.

The hand sanitizer samples were not diluted for the analysis of impurities because most
required a sensitive detection limit. The matrix of the hand sanitizer could pose a problem for
quantitation, and more work using this method needs to be performed to check if there are
matrix effects (e.g., overlapping matrix peaks). In addition, no certified reference materials
were available to check the accuracy of the quantitation.
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Table 9. Quantitative GC-FID results for impurities over the FDA limits in select hand sanitizers.

Acetal Acetaldehyde Benzene Methanol n-Propanol
Sample
ID nelg  GC- ne/g GC- | pglg  GC- ne/g GC- | pg/g GC-
(ppm) MS (ppm) NMR MS (ppm) MS (ppm) NMR MS (ppm) NMR MS
5 1740 + v 795 t v v ND 36.5 v v 176 v v
7-A 118 v 141 v 4 6.6% 54.5 4 v 339 v v
8-A 39¢ 1.01# 35% 17.2 % v 21.5%
12 ND 2.03% 29% 113 v v 195 4
13 186 v 56.9 v 4 ND 7910 t v v 197 4
16 54% 3.13 % 3.1% 10.2 % v ND
17 213 v 140 v v ND 228 v v 1878 + v v
18 6.7% 444 % ND 54% 209 ¢
21 393 v 136 v v ND 35.8 v v 524 v v
23-A 36% 09% ND ND 9.8+%
30 531 v 760 + v v ND 19.5% v 321 v
31 167 v 132 v v 67.2 v 8102 + v v 202 v v
32 10.3 % 9.3 ND 42% 7.7%
33 302 v 625+ v v ND 222 % v v 353 v
34 101 v 67.1 v v ND 14.1% v v ND
36-A ND 2.77% ND 145000 t+ v v 114+%
36-B ND 091% ND 719 v v ND
37 ND 0.1% 32+% ND ND
39-A-1 183 v 212 v v ND 41.2 v v 159 v v
45 ND 320 ¢ 6.2% 29% 514%
46 99 ¢ 6.18 % ND 10.7 ¥ v 924%

t above highest calibration point; * below lowest calibration point; ND not detected; v~ identity was confirmed by NMR or GC-MS; Values in red
are above the FDA interim limits.
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Table 10. Quantitative GC-FID results for impurities below the FDA limits in select hand sanitizers.

Acetone Ethyl acetate Isoamyl alcohol Isobutanol n-Butanol sec-Butanol
Sample | pg/g ne/g ne/g ne/g ne/g ne/e
1D (ppm) NMR GC-MS|[ (ppm) NMR GC-MS| (ppm) NMR GC-MS| (ppm) NMR GC-MS| (ppm) (ppm) GC-MS
5 ND v 83.9 v v 823 v v 301 % v v 14.7 % ND
7-A ND v 51.2% v 574 v v 239 % v v 13.1% ND
8-A ND ND v ND ND ND ND
12 ND 34.0% v ND ND ND 15.7%
13 273 v v 1932 v v 96.2 % v 247 10.5 % 28.8%
16 ND ND ND ND ND ND
17 ND v 123 v v 662 v v 357% v v 143 % 403 v
18 ND ND ND ND ND ND
21 56% v 100 v v 8.58 ¢ 164 v v ND ND
23-A ND ND ND ND ND ND
30 6.3% 61.1% v 499 v 450 ¥ v v ND ND
31 20.5 v 106 v v 617 v v 291 % v v ND ND
32 ND ND ND ND ND ND
33 ND v 68.4 v v 549 v 451 ¢ v v 9.5 ND
34 ND 324% v ND ND ND ND
36-A ND 11.8% ND ND ND ND
36-B ND 13.3% ND ND ND ND
37 ND ND ND ND ND ND
39-A-1 ND v 62.7 v v 774 v v 281 % v v 8 ND
45 8.8% 399 % ND ND ND ND
46 40.8 ¥ v 93+% ND ND ND ND

1 below lowest calibration point; ND not detected; v* identity was confirmed by NMR or GC-MS
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Impurity identification by GC-FID was primarily done by comparing the retention of the
samples to that of the retention time of known compounds. GC-MS was used to provide
additional confidence in the identification of impurities by comparing electron impact mass
spectra with the NIST Mass Spectral Database.

The GC-FID method presented here provides a reliable and straight forward method for the
quantitation of active ingredients and impurities in alcohol-based hand sanitizers. Most
analytical laboratories have access to this technique, and columns are readily available for
alcohol measurements. The relatively long chromatographic analysis time reported here can
be time consuming for high throughput laboratories. However, total run times can be
modified from the method described to decrease the total time by increasing the oven
temperature ramp after the target analytes eluted. The major limitation of GC-FID is that
separate sample preparations and methods are required to quantify ethanol and the impurities
due to the large difference in content in hand sanitizer formulations. A method for
determining alcohol and impurities in a single method using triple quadrupole mass
spectrometry has been outlined by the FDA [10].

3.3.4. LC-UV Results

LC-UV was investigated because it can be used for measuring ethanol, methanol, and
isopropanol in hand sanitizers either by direct injection or with minimal preparation of the
samples. A conventional reverse-phase separation was used with a water/acetonitrile mobile
phase that permitted detection at 200 nm. A 5 % acetonitrile/ 95 % water (volume fractions)
mobile phase provided baseline resolution of the three primary alcohols in a 10 min
separation, as shown in the lower chromatogram for the alcohol mixture in Figure 16.

The shoulder on the chromatographic peak for methanol was always noted (Figure 16) and
correlated with the area of the major peak as a function of methanol content. Thus, the area
of the shoulder peak was included in the signal for methanol. The small peak at = 4 min in
the alcohol calibrant was a ‘system’ peak whose area did not correlate with the content of any
of the alcohols. The chromatographic peak for ethanol displays ‘peak fronting’ in calibrants
and samples with ethanol content > = 60 % (by volume) and was also prominent for gel hand
sanitizer formulations.

The LC-UV method was successful for the analysis of non-gel sanitizer formulations,
providing good overall agreement for ethanol determination compared with the other
methods. However, there are several factors that potentially constrain the utility of LC-UV
for alcohol determination in some hand sanitizer formulations, particularly for gel samples.
The first is the relatively modest detectability of the alcohols at the lowest accessible UV
wavelength, 200 nm, which limits the detectability for alcohol determinations to values
greater than approximately 1 %. Secondly, most organic compounds have some absorbance
at 200 nm, so the selectivity is low for determining the alcohols without potential
interference from additional product ingredients or unwanted impurities. A third issue is the
comparatively low retention of the alcohols, at least in the reverse-phase separation tested
here. Low retention affords only limited flexibility to vary the mobile phase composition to
enhance the chromatographic selectivity required for more complex samples.
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Figure 16. Separation and detection of a non-gel hand sanitizer (upper chromatogram) and
an alcohol mixture (lower chromatogram) using LC-UV.

Gel hand sanitizers contain polymeric additives to enhance their viscosity. Sample
preparation by the addition of HCI greatly lowered the viscosity of the sample, presumably
by protonating the intermolecular hydrogen bonds of the gelling polymer. However, after
addition of HCI, the polymer is still present. Upon injection onto the LC column,
precipitation of the polymer in the initial 5 % acetonitrile mobile phase limited the suitable
injection volume to 1 puL and resulted in increased mobile phase back pressure as more
samples were injected. To elute longer-retained sample components and minimize the effect
of the effects of a gelling polymer, a flush cycle was introduced following the injection of
each gel hand sanitizer sample. Although gradient elution solvent programs are possible, this
adds greatly to the analysis time, requiring a significant delay time for the system to return to
the initial conditions. Instead, after the analysis of each gel sample, a large injection volume
of methanol, 100 uL, was used to elute longer retained components and minimize the impact
of the accumulation of polymer on the column. A 100 uL injection of acetonitrile seemed to
be less effective at minimizing the increase in mobile phase back pressure attending the
injection of gel samples. One gel hand sanitizer (Sample 36-A) still exhibited visible
cloudiness after the addition of HCI, and direct injection of this sample cause the column to
become plugged. Two additional portions of Sample 36-A were analyzed, but they were
filtered with a 0.2 pm filter disk after HCI addition to alleviate the column plugging issue
with this sample. However, in the absence of an internal standard to correct for sample
evaporation, the measurement results for ethanol in these filtered samples were low relative
to the other measurement techniques.
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In general, the results for ethanol in the gel hand sanitizers showed greater variability than
the non-gel samples (see Table 6). This was likely to be caused by the effect of the polymer
in the gel samples on the peak shape of the ethanol, where tailing was more pronounced in
the LC determination. Thus, this LC-UV method was better suited for the determination of
alcohols in non-gel hand sanitizers than for the gel formulations.

3.3.5. Density Results

To compare alcohol content in hand sanitizers reported in mass % and volume %, the density
of the hand sanitizers needed to be determined. Density measurements of liquids are typically
straight forward; however, density determinations of finished gel hand sanitizers can be
difficult due to high viscosity and entrapped air bubbles in some polymer-based
formulations. Three methods were investigated in this study to measure the density of hand
sanitizers: the Lang-Levy pipette method, the positive displacement pipette method, and the
use of a hydrometer. It should be noted that other methods can be used to determine density
that were not explored for this work (e.g., using a pycnometer).

The density values for 16 hand sanitizers using two to three different techniques are
summarized in Table 11. The densities for the three techniques were obtained at different
temperatures increasing the difficulty for density comparison. However, the difference in
density values for the temperature range investigated should have minimal effect. For
example, the density of a 60 % ethanol in water solution (by volume) differs by only 0.6 %
over the experimental range of our measurements (16 °C to 23 °C) [13]. The densities of the
three different methods were comparable except for a lower density value for the positive-
displacement pipette method for Sample 30.

The Lang-Levy method has previously been shown to be an accurate method for density
determination, especially if sample volume is limited [15]. For non-gel hand sanitizer
samples, this method was straightforward and easily implemented. However, this method
was less suitable for viscous, gel samples due to the difficulty of drawing the viscous
material into the pipette. Cleaning the Lang-Levy pipette after a viscous sample was
introduced was also challenging. To measure the density of high viscosity samples by this
method, the addition of a small amount of HCI was added to polymer-based samples (0.5 pL
of HCl to 1 mL of sample) prior to measuring the density. It was assumed that the addition of
HCI did not change the density of the sample. The advantage of this method is it only
requires a small amount of sample. Disadvantages include the need of specialty Lang-Levy
pipettes and the length of time that is required between measurements to clean and dry
pipettes.

The use of a calibrated positive displacement pipette was the easiest method for gel samples
and the most applicable to all hand sanitizers if appropriate precautions were taken. The
result for the density of Sample 30 was lower using positive displacement pipette compared
to the other methods. This was most likely due to the intentional removal of a small amount
of sample inside the pipette tip when wiping off the excess sample from the outside of the
pipette tip before transferring the sample to a pre-weighed receiving vial. It could also be due
to a small entrapped air bubble of the sample or the incomplete transferring of the sample to
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the pre-weighed receiving vial. Because many of the gel samples contained bubbles, the
small pipette volume for the positive displacement approach was used to sample the hand
sanitizers in regions free of entrapped air, which is more challenging with the larger pipettes.
Density measurements can be performed quickly with little sample using the positive
displacement pipette method; however, care must be taken to ensure that the entire sample is
transferred to the pre-weighed vial and that no excess sample is also transferred.

Table 11. Density results for select hand sanitizers obtained using three techniques

Positive-
Lang-Levy Displacement Hydrometer
Temp Density Temp  Density | Temp  Density
Code () (g/mL) (O] (g/mL) °cC)  (g/mL)*
1 19.9 0.851 21.6 0.848 15.55
2 19.9 0.860 21.6 0.856 15.55
3 19.9 0.857 21.6 0.852 15.55
6 21.6 0.960 21.6 0.957 15.55 0.955
7-C 21.6 0.870 21.6 0.869 15.55 0.873
8-A 21.6 0.927 21.6 0.925 15.55 0.922
8-D 20.1 0.894 21.6 0.899 15.55
10 19.8 0.871 21.6 0.863 15.55
13 21.6 0.830 20.1 0.826 15.55 0.830
17 21.6 0.849 21.6 0.849 15.55 0.851
30 21.6 0.880 20.5 0.864 15.55 0.890
36-A 21.6 0.879 21.6 0.870 15.55 0.889
36-B 21.6 0.879 21.6 0.874 15.55 0.889
39-A-1 21.6 0.886 21.6 0.881 15.55 0.870
40 19.8 0.855 21.6 0.845 15.55 0.850
44 19.8 0.906 21.6 0.899 15.55 0.903

* Specific gravity was converted to density using the density of water at 15.55 °C [16].

A hydrometer was investigated to measure the density (after converting specific gravity to
density) of hand sanitizers because they are inexpensive, readily available, and generally
advertised for use in determining ethanol content (typically in alcoholic beverages). The
values obtained using the hydrometer for 11 select hand sanitizers were similar with the other
techniques. However, the hydrometer method was challenging for the gel hand sanitizers.
The hydrometer did not penetrate gel samples appropriately due to the high viscosity, which
was alleviated by the addition of HCI to the sample. Other limitations of the hydrometer
method are that large samples are required (100 mL), and the calibration temperature of
15.55 °C is lower than the typical laboratory temperatures used for hand sanitizer analysis.

The positive displacement pipette method was selected to estimate the density of all hand

sanitizers (results summarized in Appendix D) because of the applicability to both non-gel
and gel samples and for the relative simplicity of the measurement approach.
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The primary use of the sample density in this work was to convert between mass % and
volume % for ethanol. However, another consideration is whether sample density can be
used to reliably predict the ethanol content in hand sanitizers. The WHO/FDA
recommended hand sanitizer formulations are comprised primarily of water and ethanol with
small amounts of glycerin and hydrogen peroxide. The simplicity of these formulations made
them the most appropriate for evaluating whether ethanol content can be estimated based
solely on the density. For this evaluation, the densities of the five calibrants prepared for the
ATR-FTIR measurements using the WHO/FDA formulation were measured using the Lang-
Levy technique and were used to prepare a calibration curve to correlate the amount of
ethanol in the calibrant to the density. Then, the ethanol content for hand sanitizers

that appeared to use the WHO/FDA formulation (based on labels and ingredient lists) were
estimated from the measured sample density using the calibration curve of the standards.
Table 12 shows the results of this determination comparing the estimated ethanol mass %
based on density to the measured values from the ATR-FTIR measurements. This is also
shown graphically in Figure 17 along with an identity line where the predicted equals the
measured volume % of ethanol. The estimated ethanol content of these samples based on
density was within 5 % of the measured ethanol content but still tended to be biased slightly
high (i.e., most values were above the identity line). This model would only be applicable if
the formulation was prepared to be very close in composition to the calibrants and if few
impurities were present (for example, the same amount of glycerin was added to the hand
sanitizer formulation and calibrants). To demonstrate this, the model was also applied to all
hand sanitizers investigated in this study - both non-gel and gel formulations - and the results
are shown graphically in Figure 18. This estimation approach based on density tends to
overpredict the ethanol volume % for many of the hand sanitizers and is not recommended
for estimating ethanol content.

Table 12. Comparing the ethanol volume % predicted from density to measured values by
ATR-FTIR for hand sanitizers believed to follow the WHO/FDA guidance.

Hand Sample Density- Ethanol - Predicted Ethanol - Measured 9% Difference
Sanitizer ID Measured (g/mL) (Volume %) (Volume %)
1 0.851 83 81.8 1.9
2 0.860 80 80.1 -0.5
3 0.857 81 77.4 4.6
5 0.855 82 81.0 1.2
10 0.871 76 77.2 2.2
17 0.849 84 82.2 24
19 0.860 80 77.7 2.8
21 0.840 88 84.6 3.9
40 0.855 82 80.9 1.0
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Figure 17. Plot of predicted (density) versus measured (ATR-FTIR) ethanol volume %
results for hand sanitizers following the WHO/FDA formula.
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Figure 18. Plot of predicted (density) versus measured (ATR-FTIR) ethanol volume %
results for all hand sanitizers in this study.
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4. Conclusions

Four instrumental methods were evaluated for the analysis of hand sanitizers as part of this
work including ATR-FTIR, NMR, GC-FID, and LC-UV. We evaluated 72 hand sanitizers
that were obtained mostly from commercial sources. All samples were analyzed for ethanol
content by ATR-FTIR, with a subset of 18 hand sanitizers selected for ethanol determinations
by all methods. All methods can determine and provide comparable results for ethanol in
both non-gel and gel hand sanitizer formulations. Based on the collective results in this work,
it was estimated that all but five of the hand sanitizers analyzed contained ethanol at levels
above the CDC recommended minimum of 60 % (by volume). A caveat is that some of the
samples that were slightly above the 60% (by volume) minimum based on single
measurements by ATR-FTIR were not analyzed by additional methods for confirmation. The
measurement of the sample density was also investigated as a simple approach to estimate
the ethanol content in hand sanitizers, but for most samples it overpredicts the volume % of
ethanol and was not deemed to be reliable.

The measurement of methanol and isopropanol are also of interest. Methanol is a harmful
impurity that has been recently reported to exceed the FDA limits in many commercial hand
sanitizers. [sopropanol is an approved alternative alcohol to ethanol in hand sanitizers as well
as an allowable denaturant. All methods evaluated in this work can confirm the presence of
methanol and isopropanol in hand sanitizers at percent levels, and quantitative methods for
these alcohols were developed for NMR, GC-FID, and LC-UV. However, the LC-UV
method was only able to quantitate these other alcohols when present at levels greater than
approximately 1 %.

Two of the instrumental methods, gNMR and GC-FID, were also evaluated for the
determination of impurity compounds, including methanol, at the much lower levels
regulated by the FDA. Of these methods, NMR was able to determine most impurities at the
requisite sensitivity levels set by the FDA limits, whereas GC-FID was able to determine all
impurities. The applicability of each method for the analysis of hand sanitizers along with the
strengths and weaknesses was described in detail in Section 3.3 and is summarized in

Table 13.

Of the 72 hand sanitizers, 51 were screened for impurity content using NMR, and a subset of
21 samples were analyzed by GC-FID. The NMR results for isoamyl alcohol, isobutanol,

n- propanol, ethyl acetate, acetone, acetaldehyde, and methanol, relative to the FDA limit are
plotted in Figure 19. In addition, the plot includes the GC-FID results relative to the FDA
limits for acetal, benzene and acetaldehyde (in a few samples), which were found to be over
the limit in some hand sanitizers but not quantifiable by NMR. In the plot, results that exceed
the normalized limit (dashed black line) are represented with colored symbols, and results
below the limit have black symbols as indicated in the legend. The plot further indicates the
five hand sanitizers that were found to contain less than 60 % ethanol (by volume; yellow
boxes) based on the all-method average value.
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Table 13. Summary of method suitability for hand sanitizer measurements.

METHOD APPLICABILITY STRENGTHS WEAKNESSES
GC-FID | e Ethanol e High selectivity e Each compound must be
e Isopropanol e High sensitivity calibrated separately
e All regulated e High accuracy e Ethanol and impurities
impurities e Detector response is very require different
e Non-gel and gel stable preparations
samples e Common method in
analytical labs
e (Can measure all compounds
of interest
NMR ¢ Ethanol o Selective ¢ Sensitivity an issue for
e [sopropanol e Sensitive for most impurities low-level impurities
e Most regulated e Requires no external e Instrumentation
impurities calibration expensive
e Non-gel and gel e (Can measure most e Requires specific
samples compounds of interest in a expertise
single, simple preparation
e High accuracy when used
with an internal standard
ATR- e Ethanol e Simple, no sample e Primarily for ethanol
FTIR e Identification of preparation requirements e Requires external
other high-level e Rapid analysis calibration
alcohols e Results for ethanol agree
e Non-gel and gel with other methods
samples
LC-UV ¢ Ethanol e Relatively simple o Selectivity limited

e Methanol >= 1 %

e [sopropanol > =
1%

e Better for non-gel
samples

Direct analysis of samples
with little or no preparation
Common method in
analytical labs

e Sensitivity limited
e Requires external
calibration

In total, 20 of the 51 hand sanitizers (= 40 %) were found to be over the limits for one or
more impurity compounds. Acetaldehyde and/or acetal were the most frequently detected
impurities and were over the limit in 14 samples (= 30%), with one result (Sample 5) off the
y-axis at 30 times the limit. Since the acetaldehyde and acetal content tended to correlate, the
four hand sanitizers that have elevated acetaldehyde but show no value for acetal (Sample 2,
Sample 10, Sample 26, and Sample 38) most likely contain acetal but were not measured by
GC-FID. Six samples (= 10 %) were found to be over the limit for benzene, with one sample
off the y-axis at 30 times the limit (Sample 31). Four hand sanitizers (= 8 %) were found to
be over the limit in methanol content, with one sample (Sample 36-A) off the y-axis at over
200 times the limit. Finally, one sample (= 2 %) was found to be over the limit for n-propanol

(Sample 17).
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Appendix A: A summary of label information and product consistency for hand sanitizers

analyzed.
LABEL INFORMATION
Non- | Country .
Sailll)ple gel or of ?nCt:":iien ¢ First Six (6) Inactive Ingredients
Gel* | Origin g
Non- .
1 gel N/A N/A (Local Police Department Sample)
Non- .
2 gel N/A N/A (Local Police Department Sample)
Non- .
3 gel N/A N/A (Local Police Department Sample)
Ethyl DI Water, Glycerin, Carbomer 980, Benzophenone-4, Aloe
4-A | Gel | USA | Alcohol 70% > L yeeri, ’ P ’
ViV Vera, Tricaprylin
Ethyl Distilled Water, Glycerin, Carbomer 940, Benzophenone-4
4B | Gel | USA | Alcohol 70% > yeertn, ’ P ’
ViV Aloe Vera, Aminomethyl Propanol
Non- Denatured
5 gel USA Alcohol 80% | Glycerin, Hydrogen Peroxide, Purified Water USP
viv
Ethyl Water (Aqua), Glycerides Caprylate/Caprate, Aloe Vera Gel,
6 Gel USA Alcohol 70% | Isopropyl Myristate, Tocopherol Acetate, Acrylates/C10-C30
viv Alkyl Acrylate Crosspolymer
Ethvl Water (Aqua), Isopropyl Alcohol, Propylene Glycol,
7-A Gel USA y o Glycerin, Tocopheryl Acetate, Acrylates/C10-30 Alkyl
Alcohol 70%
Acrylate Crosspolymer
Ethvl Alcohol Water (aqua), Isopropyl Alcohol, Propylene Glycol, Glycerin,
7-B Gel USA 700/y Tocopheryl Acetate, Acrylates/C10-C30 Alkyl Acrylated
’ Crosspolymer
Ethvl Water (aqua), Isopropyl Alcohol, Propylene Glycol, Glycerin,
7-C Gel USA y o Tocopheryl Acetate, Acrylates/C10-30 Alkyl Acrylate
Alcohol 70%
Crosspolymer
Ethvl Water, Aloe Barbadensis Leaf Extract, Acrylates/C10-30 Alyl
8-A Gel N/A y o, | Acrylate Crosspolymer, Alcohol, Tetrahydroxypropyl
Alcohol 65% L.
Ethylenediamine
8-B Gel N/A 16*:;};/}71 Alcohol Water, Carbomer, Triethanolamine
0
8-C Gel N/A }632};/}]1 Alcohol Water, Carbomer 940, Triethanolamine, Glycerin
0
8-D Gel N/A E;E/yl Alcohol Water (Aqua), Carbomer 940, Triethanolamine
(|
. Ethyl Alcohol | Water, Carbomer 940, Triethanolamine, Glycerin, Aloe
8-E Gel China | 65 5o Barbadensis Leaf Juice
8-F Gel N/A Ethyl Alcohol | Denatured Dehydrated Alcohol 40B, Water, Aloe Barbadensis
62.5% Leaf Juice, Glycerin, Propylene Glycol, Carbomer
. Ethyl Alcohol | Water (Aqua), Carbomer 940, Triethanolamine, Glycerin, Aloe
8-G Gel China 1 65 59 Barbadensis Leaf Juice
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Ethyl Alcohol

8-H Gel N/A 659, Water (Aqua), Carbomer, Triethanolamine
(|
Water, Glycerin, Aloe Barbadensis Leaf Water (9 ppm),
9 Gel Korea Alcohol 62% | Hamamelis Virginiana (Witch Hazel) Water, Sodium
Hyaluronate, Trehalose
Non- Ethyl
10 el USA Alcohol 80% | Glycerin, Hydrogen Peroxide, Purified Water USP
g viv
11 Gel USA }é;};)]leICOhOI Water (Aqua), Glycerin, Tocopheryl Acetate, Isopropyl
wei;h ty Palmitate, Acrylates Coppolymer, Aminomethyl Propanol
12 Gel China | 75% Ethanol | N/A
- o,
13 Ngoelll N/A ?/IVCOhOI 80% Glycerin, Hydrogen Peroxide, Purified Water USP
14 Gel USA Ethyl Alcohol | Aqua, Isopropyl Alcohol, Polysorbate 20, Carbomer,
70% viv Triethanolamine, Glycerin
Deionized Water, Glycerin, Isopropyl Myristate, Aloe
15 Gel USA }é;};}llvz?vlcohol Barbadensis Leaf Juice, Tocopheryl Acetate (Vitamin E),
° Crosspolymer
Ethyl Demineralized Water, Glycerin, Carbomer, Triethanolamine
. o ’ ) ) )
16 Gel Mexico ?/IVCOhOI 70% dmdm hydantoin, Aloe Barbadensis Extract
- o,
17 Ngoelll N/A ?/IVCOhOI 80% Glycerin, Hydrogen Peroxide, Purified Water USP
Ethyl
o,
18 Gel Canada é/l‘thOl 62% Water, Isopropyl Alcohol, Glcyerin, Carbomer, Aminomethyl
(Technical Propanol, Fragrance
Grade)
19 I\;Zrll_ USA 1758};/}]1\350}101 Water, Isopropyl alcohol, glycerin, Aloe Barbadensis Leaf Juice
(|
Ethvl Water (Aqua), Isopropyl Alcohol, Orange oil, Acrylates/C10-
20 Gel USA y C30 Alkyl Acrylate Crosspolymer, Glycerin, Aloe
Alcohol 70% . .
Barbadensis Leaf Juice
Non- Ethyl . . .
21 gel USA Alcohol 75% Purified Water USP, Glycerin, Hydrogen Peroxide
Non- Ethvl Alcohol Aloe Barbadensis Leaf Juice, Calendula Officinalis Flower
22 ol N/A 620/y Extract, Chamomilla Recutita (Matricaria) Flower Extract,
& ’ Glycerin, Water
Non- Ethvl Aloe Barbadensis Leaf Juice, Calendula Officinalis Flower
23-A N/A y Extract, Chamomilla Recutita (Matricaria) Flower Extract,
gel Alcohol 62% .
Glycerin, Water,
Ethvl Alcohol Aloe Barbadensis Leaf Juice, Calendula Officinalis Flower
23-B Gel N/A 62‘;] Extract, Chamomilla Recutita (Matricaria) Flower Extract, Citric
° Acid, Glycerin, Hydroxypropyl Guar
24 Non- USA Ethyl alcohol, | Purified Water USP, Glycerin USP, Lavender oil, Safflower Oil,
gel 65 % v/v Almond Oil, Coconut Oil
. Ethyl Alcohol | Water (Aqua), Isopropyl Alcohol, Glycerin, Carbomer,
25-A Gel China 62% Aminomethyl Propanol, Parfum
. Ethyl Alcohol | Water (Aqua), Aloe Barbadensis Leaf Extract, Carbomer,
25-B Gel China 62% Parfum, Glycerin, Propylene Glycol
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ethyl alcohol

Purified Water, Carbomer, Aminomethylpropanol, Fragrance,

26 Gel USA 62.5% Glycerin, Propylene Glycol
27 Gel China Ethyl Alcohol | Water, Triethanolamine, Carbomer, Aloe Barbadensis (Aloe
75% viv Vera) Gel, Fragrance, Glycerin
28 Gel USA Ethyl alcohol | Water (Aqua), Carbomer, Aminomethyl Propanol, Butylene
72 % Glycol, Glycerin, Aloe Barbadensis Leaf Juice
Ethyl Alcohol | Aminomethyl Propanol, Carbomer, Glycerin, Tocopheryl
29 Gel Canada 70 % v/v Acetate, Water,
Purified Water (Aqua), Carbomer, Aminomethyl Propanol,
30 Gel USA Ethyl Cocos Nucifera (coconut) Fruit Extract, Lippia Citriodora
Alcohol 62% | (Lemon Verbena) Leaf Extract, Aloe Barbadensis (Aloe
Vera) Leaf Juice
31 Gel Mexico Ethyl alcohol | Water (Aqua), Carbomer, Triethanolamine, Glycerin,
70% v/v Propylene Glycol, Aloe Barbadensis Leaf Juice
Ethyl Water (Aqua), Propylene Glycol, Dimethicone Peg-7
32 Gel N/A Alcohol Isosterate, Acrylates/C10-C30 Alkyl Acrylate Crosspolymer,
62.5% viv Aminomethylpropanediol, Tocopherol Acetate
Ethyl
33 Gel USA Alcohol 70 Deionized Water, Glycerin, Carbomer, Amino Propanol
% vIv
Ethyl
34 Gel USA Alcohol Aminomethyl Propanol, Carbomer, Water
63.5%
35 Gel N/A N/A (Dispenser station at NIST)
. Ethyl . . .
36-A Gel Mexico Alcohol 70% Water, Carbomer, Triethanolamine, Glycerine
36B | Gel | Mexico | EthYI Water, Carbomer, Triethanolamine, Glyceri
- e exico | 1 hol 70% ater, Carbomer, Triethanolamine, Glycerine
Ethyl
37 Gel China | Alcohol 75% | Water, Glycerin, Propylene Glycol, Carbomer
(v/v)
38 Gel USA Ethyl Alcohol | Water, Isopropyl Alcohol, Glycerin, Carbomer, Aminomethyl
62% Propanol, Fragrance
39-A-1
to 39- Gel Mexico ;E(;E/yl alcohol Water, Propylene Glycol, Carbomer, Sodium Hydroxide
A-12 ’
- o,
40 Ng(zll USA é/l‘thOl 80% Glycerin, Hydrogen Peroxide, Purified Water USP
. Ethyl Alcohol | Water, Glycerin, Propylene Glycol, Carbomer, Triethanolamine,
41 Gel China 75% viv Fragrance
42 Gel N/A Ethyl Alcohol | Water, Glycerin, Isopropyl Alcohol, Butylene Glycol, Carbomer,
65% Aminomethyl Propanol
43 Gel USA Ethyl Alcohol | Carbomer, Fragrance, Isopropanol, Propylene Glycol,
63% v/iv Tocopheryl Acetate, Triethanolamine
Non- Isopropyl
44 el USA Alcohol 75% | Glycerin, Hydrogen Peroxide, Purified Water USP
g viv
Ethyl .
45 Gel USA Alcohol 70% Water, Isopropyl Alcohol, Caprylyl Glycol, Glycerin,
VIV Isopropyl Myristate, Tocopheryl Acetate
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Ethyl Purified Water, Isopropyl Alcohol, Propylene Glycol,
46 Gel USA Alcohol 70% | Fragrance, Aloe Barbadensis Leaf Juice (Decolorized),
viv Carbomer
47 Gel | USA 1,;:8};/3]1\/‘?;/100}101 Glycerin, Propylene Glycol, Purified water, Triethanolamine
(|
48 Gel | N/A N/A (Dispenser station at local store)

N/A indicates not applicable/unknown
*Based on a visual assessment by NIST of the product consistency in combination with the inactive ingredients.
Samples in bold text indicate hand sanitizers that were selected for detailed quantitative analysis.
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Appendix C. Plots of GC-FID results for impurities below FDA limits in some hand

sanitizers.
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Appendix D. Density results for hand sanitizers (g/mL) obtained using a calibrated positive

displacement pipette.

Sample Temp Replicate Replicate Replicate
ID °O 1 2 3 Average SD %RSD
1 21.6 0.848 0.848 0.847 0.848 0.001 0.11
2 21.6 0.856 0.855 0.856 0.856 0.000 0.04
3 21.6 0.851 0.852 0.852 0.852 0.001 0.12
4-A 21.6 0.833 0.835 0.833 0.834 0.001 0.09
4-B 21.6 0.845 0.845 0.844 0.845 0.001 0.09
5 20.1 0.855 0.856 0.853 0.855 0.002 0.18
6 21.6 0.955 0.959 0.958 0.957 0.002 0.18
7-A 21.6 0.870 0.868 0.868 0.869 0.001 0.12
7-B 20.5 0.861 0.859 0.859 0.860 0.001 0.11
7-C 21.6 0.868 0.869 0.869 0.869 0.001 0.07
8-A 21.6 0.926 0.925 0.924 0.925 0.001 0.09
8-B 21.6 0.881 0.882 0.882 0.882 0.001 0.06
8-C 21.6 0.853 0.858 0.857 0.856 0.003 0.31
8-D 20.1 0.892 0.896 0.893 0.894 0.002 0.26
8-D 21.6 0.899 0.899 0.900 0.899 0.000 0.03
8-E 20.5 0.874 0.876 0.879 0.876 0.003 0.32
8-F 21.6 0.833 0.834 0.833 0.833 0.001 0.07
8-G 20.5 0.884 0.884 0.885 0.885 0.001 0.07
8-H 20.5 0.895 0.883 0.884 0.887 0.007 0.76
9 21.6 0.897 0.898 0.899 0.898 0.001 0.09
10 21.6 0.862 0.863 0.862 0.863 0.001 0.06
11 21.6 0.892 0.889 0.891 0.891 0.002 0.21
12 20.1 0.903 0.899 0.901 0.901 0.002 0.19
13 20.1 0.825 0.826 0.827 0.826 0.001 0.13
14 21.6 0.882 0.881 0.882 0.882 0.000 0.04
15 21.6 0.844 0.843 0.845 0.844 0.001 0.12
16 21.6 0.860 0.857 0.859 0.858 0.001 0.17
17 21.6 0.846 0.853 0.849 0.849 0.004 0.43
18 21.6 0.878 0.878 0.879 0.878 0.001 0.09
19 21.6 0.860 0.860 0.860 0.860 0.000 0.06
20 21.6 0.855 0.856 0.857 0.856 0.001 0.10
21 20.1 0.839 0.839 0.841 0.840 0.001 0.13
22 20.5 0.887 0.892 0.892 0.890 0.003 0.33
23-A 21.6 0.887 0.887 0.884 0.886 0.002 0.19
23-B 20.5 0.886 0.886 0.885 0.886 0.001 0.07
24 20.1 0.885 0.891 0.886 0.887 0.003 0.37
25-A 20.5 0.873 0.870 0.872 0.872 0.002 0.20
25-B 21.6 0.846 0.847 0.846 0.846 0.001 0.06
26 20.1 0.879 0.878 0.878 0.878 0.000 0.01
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27
28
29
30
31
32
33
33
34

36-A
36-B
37
38

39-A-1

39-A-2
40
41
42
43
44
45
46

20.5
20.1
20.5
20.5
20.1
20.1
20.1
21.6
20.1
21.6
21.6
21.6
21.6
21.6
20.1
21.6
20.5
21.6
21.6
21.6
21.6
21.6

0.881
0.858
0.884
0.865
0.882
0.883
0.858
0.856
0.875
0.871
0.874
0.871
0.842
0.880
0.874
0.842
0.868
0.851
0.893
0.898
0.825
0.887

0.883
0.857
0.886
0.862
0.881
0.882
0.857
0.855
0.872
0.872
0.875
0.875
0.841
0.880
0.871
0.849
0.866
0.853
0.893
0.900
0.827
0.885

0.879
0.856
0.886
0.865
0.885
0.886
0.852
0.855
0.871
0.867
0.874
0.876
0.841
0.883
0.873
0.844
0.865
0.852
0.892
0.900
0.824
0.883

0.881
0.857
0.886
0.864
0.883
0.884
0.855
0.855
0.873
0.870
0.874
0.874
0.841
0.881
0.872
0.845
0.866
0.852
0.893
0.899
0.825
0.885

0.002
0.001
0.001
0.002
0.002
0.002
0.003
0.001
0.002
0.003
0.001
0.003
0.000
0.001
0.002
0.004
0.002
0.001
0.000
0.001
0.001
0.002

0.21
0.10
0.12
0.21
0.22
0.25
0.39
0.08
0.23
0.33
0.06
0.32
0.05
0.16
0.18
0.43
0.23
0.09
0.03
0.13
0.17
0.22
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