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ABSTRACT ARTICLE HISTORY
Health agencies recommend using hand sanitisers as protection against Received 30 July 2022
the coronavirus. Thus far, the emphasis on hand sanitiser studies is limited Accepted 2 January 2023
to an analysis of disinfectant content only. This study aims to provide an KEYWORDS
extended analysis of 60 off-the-shelf alcohol-based hand sanitisers by labelling; hazardous; skin
using gas chromatography to report on alcohol content and the presence condition; public health;
of impurities, a recombinant yeast estrogen screen to assess estrogenic estrogenic activity
activity, and an investigation into labelling compliance with the South

African National Standard. Fifty hand sanitisers had an alcohol content of

>60% V/v alcohol; however, most contained skin irritants and substances

that could harm human and environmental health. Estrogenic activity was

detected in 29 hand sanitisers and none of the products complied with all

the labelling requirements. Since off-the-shelf hand sanitisers in South

Africa are not regulated and monitored, evidence-based public awareness

programmes on hand sanitiser quality and safety should become

a priority.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes COVID-19, can
survive on human skin for up to 9 hours, from where it can be transmitted to other surfaces (Hirose
et al. 2021). To limit its spread and that of other viruses such as Monkeypox, precautionary measures
such as hand hygiene are considered crucial (Jing et al. 2020; CDC 2022). The WHO recommends the
use of two alcohol-based hand sanitiser formulations (ABHS) based on their low production cost, fast
anti-microbial activity and effective inactivation of similar viruses in the past (WHO 2010; Larson
etal. 2012). Kratzel et al. (2020) and Rachel et al. (2021) were earlier able to demonstrate their efficacy
in destroying SARS-CoV-2, thereby confirming the WHO’s recommendations. Formulation
I contains 80% (v/v) ethanol, 1.45% (v/v) glycerol, and 0.125% (v/v) hydrogen peroxide, while
Formulation II consists of 75% (v/v) isopropanol, 1.45% (v/v) glycerol, and 0.125% (v/v) hydrogen
peroxide. In both formulations, glycerol acts as an emollient to prevent skin dehydration, and
hydrogen peroxide serves to inactivate contaminating spores in the solution (WHO 2010).

The COVID-19 pandemic has led to an extensive demand for and subsequent manufacture of
ABHS, not only by pharmaceutical companies but also by non-specialist companies such as alcohol
distillers, perfumeries, and other chemical manufacturers (Jing et al. 2020; Berardi et al. 2020). As
a result, various formulations with different combinations of ingredients exist, most of which
experimental evidence against SARS-CoV-2 has yet to be determined (Bieu et al. 2020). These
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ABHS often contains many inactive ingredients such as emollients, preservatives, UV filters,
thickeners, buffers, surfactants, fragrances, and dyes (Berardi et al. 2020).

Exposure to certain excipients such as quaternary ammonium compounds (QACs), fragrances,
and preservatives can, however, induce adverse cutaneous reactions in some people, either in the
form of irritant contact dermatitis (ICD) or allergic contact dermatitis (ACD) (Giacalone et al. 2020;
Jing et al. 2020). The first is a non-immunological local inflammatory reaction characterised by
temporary itching, redness, rash or scaling of the skin, and bleeding if severe. On the other hand,
allergic contact dermatitis is an inflammatory immune response that is of particular importance
since severe forms can lead to respiratory distress or other anaphylactic symptoms (Jing et al. 2020).
Preservatives and fragrances are some of the most frequent elicitors of contact allergy (Yazar et al.
2011; Zaragoza-Ninet et al. 2016).

Excipients may also have endocrine-disruptive properties. The endocrine system regulates all
biological processes in the body, including growth, reproduction, and metabolism. Endocrine
disruptors are linked to neurological and behavioural disorders, obesity and metabolic dysfunction,
reproductive disorders, and hormone-sensitive cancers (WHO/UNEP 2013). Endocrine disruptors
that may be present in hand sanitisers include triclosan, benzophenone-4, and nonylphenol.
Triclosan can be absorbed by the skin and has been detected in blood, urine, and breast milk
samples. Various in vivo and/or in vitro studies demonstrated the estrogenic, anti-estrogenic,
androgenic, and anti-thyroid activities of triclosan, benzophenone-4, and nonylphenol (Kunz and
Fent 2006; Olaniyan et al. 2016).

Given the change in consumer habits since the COVID-19 pandemic and the rise of other
outbreaks such as Monkeypox, the demand for hand sanitisers is likely to remain high for an
extended period. This paper reports on the quality and safety of 60 off-the-shelf ABHS in an
unregulated market such as that found in South Africa (SA). The products were procured from the
formal and informal sectors in Gauteng Province, one of SA’s most densely populated regions.
Chemical analysis of each product was performed for alcohol content, harmful impurities, and
estrogenic activity. Subsequently, the product labels were examined for compliance with a national
voluntary ABHS standard. Finally, product ingredients were grouped according to their functional
properties and potential to illicit contact allergy or raise health and environmental concerns.

Materials and methods
Product procurement

Sixty commercially available ABHS (38 gel and 22 liquid) were procured from 15 shops from
September to October 2020. The shops covered a range of informal and formal purchase locations,
including supermarkets, pharmacies, hardware stores, clothing stores, home goods stores, beauty
shops, and convenience stores from various parts of the City of Tshwane’s Metropolitan
Municipality, representing different income groups. All of the products were analysed for alcohol
content, harmful impurities, and estrogenic activity. Compliance with labelling requirements was
noted, and products were finally grouped according to their functional properties and character-
istics. Figure 1 presents a schematic representation of the methodological approach that was
followed.

Chemical analysis

Alcohol content and presence of impurities

The 60 samples were sent to a laboratory that is accredited for test methods related to disinfectant
content according to the National Regulator for Compulsory Specifications (VC8054 2017). Gas
chromatography-mass spectrometry (GC-MS) was used to measure alcohol content and to screen
for the presence of six potentially harmful impurities as described in the United States (US) Food
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Figure 1. A schematic representation of the methodology followed to analyse the 60 hand sanitisers.

and Drug Administration (FDA) guide on hand sanitiser quality (“Direct Injection Gas
Chromatography Mass Spectrometry Method for the Detection of Listed Impurities in Hand
Sanitizers”) (FDA 2020). The latter included methanol, 1-propanol, amyl alcohol, benzene, ethyl
acetate, and acetone.

The samples were analysed using a 7890A Agilent Gas Chromatography (GC) system equipped
with a flame ionization detector (FID) (Agilent Technologies, USA) and a 5975C Mass Selective
Detector (MSD). A DB624 fused silica capillary column (length = 30 m, diameter 0.25 mm, film
thickness = 0.5 pl) was used, and data collection was performed with Agilent MSD Chem-station
software (version E.02.21431). Samples (1 ul) were injected into the GC using a split mode with
a split ratio of 87:1 at 230°C to yield a split flow of 12 ml/min. The flow rates for hydrogen and air
were 40 ml/min and 400 ml/min, respectively. The GC oven was held at 40°C for 4 min, increased
by 10°C/min to 90°C, and ramped at 20°C/min with a 2 min hold at 200°C. The cycle time was 16.5
min. The MSD was operated in full scan mode (25-450 amu). The threshold and sampling rate
allowed for 6.3 scans per second. The MSD transfer line was set at 250°C with the source and
quadrupled at 230°C and 150°C, respectively. Mass Spectral data were collected in the electron
impact mode at 70 eV. A solvent delay of 2 min was incorporated before MS data was collected.
Calibration of ethanol and isopropanol was done using seven-point calibration curves with pure
ethanol (GC grade, 99.9%) and isopropanol (for analysis, 99.9%).

Batches of 10 samples were analysed with laboratory QC samples which consisted of 70% (v/v)
ethanol and an 80% (v/v) sample containing an isopropanol and ethanol mixture. Contaminants
(methanol, 1-propanol, amyl alcohol, benzene, ethyl acetate, and acetone) were identified by Mass
Spectral library match (National Institute of Standards and Technology) and confirmed with pure
solvents [methanol (HPLC Grade, 99.9%); 1-propanol (HPLC Grade, 99.9%); amyl alcohol (GC
Grade, 99%); benzene (GC Grade, 99.9%); ethyl acetate (Anhydrous, 99.8%); and acetone (UniV
AR, 99.5%)]. All the chemicals were obtained from Sigma-Aldrich (Merck, Johannesburg, SA).
Samples were analysed once and only repeated when the initial analysis showed unknown peaks.
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The assay had a limit of quantification (LOQ) of 0.3% (v/v) and a limit of detection (LOD) of 0.1%
for both ethanol and isopropanol.

Estrogenic activity

The estrogenic activity of the 60 samples was assessed using a recombinant yeast estrogen screen,
according to Routledge and Sumpter (1996), with minor modifications. The yeast strain was
obtained from Xenometrix, Switzerland (Cat. No. N05-230-E) and all other media components
and reagents were from Sigma-Aldrich and Merck. The yeast growth medium (5 mL) was inocu-
lated with 50 UL of the 10x concentrated yeast stock and incubated at 28°C in a rotating water bath
at 150-155 rpm until turbid (approximately 24 h). Serial dilutions were made of the test chemicals
and controls in 96 well microtiter plates (untreated, clear, flat bottom) in ethanol (HPLC grade).
From the dilution plate, 10 uL aliquots were transferred to 96 well assay plates and evaporated to
dryness. Aliquots (200 pL) of the assay medium containing the yeast and chromogenic substrate,
chlorophenol red-B-D-galactopyranoside (CPRG), were then dispensed into each sample well. For
viscous samples, a positive displacement pipette was used to dissolve 20 uL of the sample in 2 mL of
the assay medium containing the yeast and CPRG. From this concentration, the serial dilutions
were made directly in the yeast medium in the assay plates. Each plate contained at least one row of
blanks (assay medium and solvent ethanol) and a standard curve for the positive control, 17f-
estradiol (E2), ranging from 1 x 10*Mto12x107° M (2.7 x 10°° g/L to 3.2 x 107" g/L). The
plates were sealed with autoclave tape and placed in a naturally ventilated incubator at 29°C for 3-5
days. After 3 days incubation, the colour development of the medium was checked daily till day 5 at
an absorbance (abs) of 540 nm for colour change and 620 nm for turbidity of the yeast culture. The
absorbance was measured on a Multiskan Spectrum 96-well plate reader (Thermo Fisher Scientific,
Vantau, Finland) to obtain data with the best contrast. All experiments were performed in triplicate.
The following equation was applied to correct for turbidity:

Corrected value = test abs (540 nm) — [test abs (620 nm) — median blank abs (620 nm)]

The E2 standard curve was fitted (sigmoidal function, variable slope) using GraphPad Prism
(version 4), which calculated the minimum, maximum, slope, EC50 value, and 95% confidence
limits. The yeast assay’s detection limit (dl) was calculated as absorbance elicited by the solvent
control (blank) plus three times the standard deviation. The limit of quantification (loq) was
equivalent to the EC10 of the E2 standard curve. Cytotoxicity was indicated if the absorbance of
a well was below the absorbance elicited by the solvent control (blank) minus three times the
standard deviation. Estradiol equivalents (EEq) of samples above the loq were interpolated from the
estradiol standard curve and corrected with the appropriate dilution factor for each sample.

Label examination

The labels of each of the 60 products were examined and assessed for compliance with the South
African National Standard 490 (SANS 2020). Manufacturers of off-the-shelf alcohol-based hand
sanitisers in SA are encouraged to voluntarily comply with SANS (2020), which is based on
international guidelines set by the WHO. According to the standard, ABHS should contain
a minimum of 70% alcohol (if ethanol, isopropanol, or 1-propanol are the main ingredients) or
60% if it contains other active ingredients. The label should display the following information: (i)
expiry date; (ii) mandatory warnings; (iii) type of sanitiser (liquid or gel); (iv) mass or volume; (v)
percentage of alcohol; (vi) a statement that it is a “disinfectant hand rub”; (vii) registration number
and address of the manufacturer; (viii) ingredients and type of alcohol; (ix) batch number and
manufacture date; as well as (x) instructions for use. Partial compliance was assigned to items that
contained only limited information (e.g. if the manufacturer’s address was supplied but not its
registration number; or where the only contact information provided was a dysfunctional website).
If the percentage of alcohol was not declared, the authors used 70% as a benchmark.
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The ingredients stated on the label were subsequently grouped into the following categories:
disinfectants, moisturisers, thickeners, preservatives, buffers, surfactants, fragrances, and dyes.
Substances that could be harmful to human and environmental health were summarised and
assigned to one of the following groups: (i) irritant; (ii) harmful; (iii) irritant and harmful; (iv)
those with unknown ingredients (labels did not specify any ingredients); and those considered (v)
safe.

Results
Chemical analysis

Alcohol content and presence of impurities

The sample specifications of the 60 ABHS are displayed in Table 1. Thirty-eight (15 liquids, 23 gels)
of the 60 hand sanitisers had an alcohol content within the 70-95% (v/v/) alcohol range, 12 (two
liquids, 10 gels) within the 60-69% (v/v) alcohol range, while nine products (four liquids, five gels)
contained less than 60% (v/v), ranging from 32.1% to 59.8% (v/v). The type of alcohol detected was
ethanol (39 products), isopropanol (two products), or a combination of ethanol and isopropanol
(18 products). One sample (liquid) contained 1-propanol only. One product indicated methanol on
the label, but no methanol was detected. Apart from one that contained trace amounts of ethyl
acetate, none of the other products contained any of the six contaminants harmful impurities
described in the US FDA guide on hand sanitiser quality.

Estrogenic activity

Twenty-nine of the hand sanitiser samples were above the detection limit of the YES assay, of which
22 could be quantified for estrogenic activity. The EEq values ranged from 0.3 to 19.2 pg/L, with
a median EEq of 1.75 pg/L. Cytotoxicity was detected in seven of the samples. Individual EEq values,
cytotoxicity data, and a list of ingredients (as listed on the label) can be found in the supplementary
data (Supplementary Table SI).

Label examination

Hand sanitiser manufacturers (Table 1) included suppliers of cosmetics and pharmaceuticals (n =
41), with the remaining 19 products from unknown origins or suppliers of hardware, stationery,
beverages, industrial chemicals, farm feeds, commercial electronics, charcoal, and products for the
automotive industry. For many manufacturers, the websites that were supplied were out of order, or
they were only listed on Facebook, while one manufacturer operated from a residential house. Of
the 60 products, only seven were manufactured by companies certified against SANS (2020) by the
South African Bureau of Standards (SABS). Apart from six products, percentages of alcohol and
water were not specified by either volume or weight. Except for seven products, all indicated the
percentage of alcohol on the label, with one product claiming to protect the user against COVID-19
and another stating that it had obtained permission from the WHO to manufacture hand sanitiser
under a non-existent license number. Of note was the common reference to “use for all skin types”
or products being “allergen-free”.

None of the 60 products complied with the complete set of requirements set out by the SABS in
SANS (2020) (Table 2). Compliance with displaying the phrase “disinfectant alcohol rub” and
specifying the type of hand sanitiser was particularly low (13% and 27%, respectively). Information
on manufacturers, mandatory warnings, and ingredient lists were often incomplete.

Table 3 provides a summary of the ingredients as stated on the labels of the 60 products and that
were subsequently grouped into categories, i.e. disinfectants, emollients, thickeners, preservatives,
surfactants, buffers, fragrances, and dyes. In 33 products, the term “denatured alcohol” (alcohol to
which one or more unknown denaturing agents were added to make it unfit for oral use) was listed.



724 W. DE BRUIN ET AL.

Table 1. Classification of the 60 hand sanitisers according to type of supplier, formulation, type of alcohol, declared alcohol
content percentage, actual alcohol percentage, presence of impurities and estrogenic activity.

Alcohol  Actual  Presence of impurities (methanol,
Type of % on alcohol 1-propanol, amyl alcohol, Estrogenic
Product Supplier  Formulation alcohol label % benzene, ethyl acetate, or acetone)  activity
1 Local Gel Ethanol 70 579 N N
pharmacy +Isopropanol
2 Convenience Gel Isopropanol 70 81.4 N N
store
3 Beauty shop Liquid Ethanol 70 55.6 N N
4 Local Liquid Ethanol + None 71.9 N Y
pharmacy Isopropanol  declared
5 Local Liquid Ethanol + 70 70.4 N N
pharmacy Isopropanol
6 Convenience Gel Ethanol + 70 63 N Y
store Isopropanol
7 Retail Gel Ethanol + None 71.2 N N
pharmacy Isopropanol  declared
8 Retail Gel Ethanol 62 70.1 N N
pharmacy
9 Convenience Liquid Isopropanol 70 64.9 N Y
store
10 Retail Gel Ethanol 70 70.5 N Y
pharmacy
1" Retail Gel Ethanol 70 783 N Y
pharmacy
12 Retail Liquid Ethanol 80 82.8 N Y
pharmacy
13 Supermarket Gel Ethanol 60 74.5 N Y
14 Retail Gel Ethanol 70 65.9 N Y
pharmacy
15 Retail Gel Ethanol + 40 384 N N
pharmacy Isopropanol
16 Retail Gel Ethanol 70 72.1 N Y
pharmacy
17 Retail Gel Ethanol 70 704 N N
pharmacy
18 Luggage Gel Ethanol 70 73.9 N N
store
19 Supermarket Gel Ethanol 70 58.4 N N
20 Supermarket Liquid Ethanol + 70 321 N N
Isopropanol
21 Retail Liquid Ethanol + 70 783 N N
pharmacy Isopropanol
22 Beauty shop Liquid Ethanol 70 94.9 N Y
23 Luggage Gel Ethanol 70 59.6 N N
stpre
24 Clothing Liquid Ethanol 70 59.8 N N
store
25 Supermarket Gel Ethanol + 70 80.8 N N
Isopropanol
26 Home good Gel Ethanol 70 75 N N
store
27 Home good Liquid Ethanol 70 74.9 N Y
store
28 Retail Gel Ethanol 75 75.8 N N
pharmacy
29 Retail Gel Ethanol 70 63.1 Trace amounts of ethyl acetate Y
pharmacy
30 Retail Gel Ethanol 70 76.2 N N
pharmacy
31 Convenience Gel Ethanol 70 63.4 N N
store
32 Retail Gel Ethanol 62 754 N N
pharmacy

(Continued)
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Table 1. (Continued).

Alcohol  Actual  Presence of impurities (methanol,

Type of % on alcohol 1-propanol, amyl alcohol, Estrogenic
Product Supplier Formulation alcohol label % benzene, ethyl acetate, or acetone)  activity
33 Supermarket Gel Ethanol + 62.5 63.4 N N
Isopropanol
34 Supermarket Liquid Ethanol + None 70.4 N N
Isopropanol  declared
35 Retail Gel Ethanol 70 66.2 N Y
pharmacy
36 Retail Gel Ethanol None 71.1 N N
pharmacy declared
37 Convenience Gel Ethanol + >70 36 N N
store Isopropanol
38 Retail Gel Ethanol 70 75.6 N Y
pharmacy
39 Hardware Liquid Ethanol 70 784 N Y
store
40 Hardware Gel Ethanol 70 716 N Y
store
41 Retail Gel Ethanol 70 69.2 N N
pharmacy
42 Home good Gel Ethanol 70 778 N N
store
43 Retail Liquid Ethanol 72 82.1 N N
pharmacy
44 Retail Gel Ethanol None 65.2 N N
pharmacy declared
45 Hardware Gel Ethanol + 70 75.8 N Y
store Isopropanol
46 Retail Liquid Ethanol 70 77.3 N N
pharmacy
47 Hardware Gel Ethanol + 60 68.7 N Y
store Isopropanol
48 Retail Liquid Ethanol 70 71.6 N N
pharmacy
49 Retail Liquid Ethanol 75-83 73.2 N N
pharmacy
50 Retail Liquid Ethanol 70 721 N N
pharmacy
51 Home good Gel Ethanol 70 64.6 N N
store
52 Retail Liquid Ethanol None 58.3 N N
pharmacy declared
53 Supermarket Gel Ethanol >60 72.7 N N
54 Supermarket Gel Ethanol 65 70 N Y
55 Supermarket Liquid Ethanol + None 67.2 N N
Isopropanol  declared
56 Home good Liquid Ethanol + >75 833 N N
store Isopropanol
57 Supermarket Gel Ethanol 70 82.6 N Y
58 Home good Gel Ethanol + 70 74.2 N Y
store Isopropanol
59 Supermarket Liquid 1-Propanol 70 None* N N
60 Convenience Liquid Ethanol + 70 83.8 N Y
store Isopropanol

Note: *1-Propanol was not quantified, only ethanol and/or isopropanol.
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Table 2. Percentage labelling compliance of the 60 hand sanitisers with the South African National Standard 490 (SANS 2020).

Complies Partially

Information (%) complies (%)
A minimum of 70% alcohol content (if alcohol like ethanol, isopropanol or 1-propanol is the 63 N/A

main ingredient)

OR

60% alcohol content if there are other active ingredients
Expiry date 73 N/A
Mandatory warnings (flammable, do not ingest, store below certain temperature) 43 52
Type of sanitiser (liquid or gel) 27 N/A
Mass or volume 100 N/A
Percentage of alcohol 88 N/A
A statement that it is a “disinfectant alcohol rub” 13 N/A
Registration number and address of the manufacturer 20 67
Instructions for use 78 N/A
Ingredients and type of alcohol 78 18
Batch number and manufacture date 67 N/A

The most common alcohol specified was ethanol, followed by isopropanol. Of note are the presence
of triclosan in two products and 1-propanol and glutaral in two separate products. Two different
quaternary ammonium compounds (QAC), benzalkonium chloride and chlorhexidine digluconate,
were recorded. Typical emollients were glycerin (32 out of 60) and propylene glycol (20 out of 60),
while other emollients included allantoin, Aloe barbadensis (aloe vera) leaf extract, Butyrospermum
parkii (shea butter), polysorbate 20, ethylhexylglycerin, isopropyl myristate, polyethylene glycol
(PEG)-40 castor oil, PEG-14 dimethicone, synthetic wax, panthenol (vitamin B5), and tocopheryl
acetate (vitamin E). Thirty-five products contained carbomer (polyacrylic acid) as a thickener, and
one product’s viscosity was enhanced with xanthan gum. None of the emollients or thickeners are
known to produce dermal irritation and are considered safe for topical use. One product contained
a UV filter that can provoke ACD, namely benzophenone-4. Altogether 11 products contained
preservatives — all of them are considered safe or weak skin sensitisers, except for the two
isothiazolinones (methylchloroisothiazolinone and methylisothiazolinone) that are common causal
agents of ACD. The only surfactants found are mild skin irritants, namely synperonic nonylphenol
and polysorbate-60. The most frequently identified buffer was triethanolamine (TEOA) (23 pro-
ducts), while only one product contained a buffer known to induce ACD, namely tetrahydrox-
ypropyl ethylenediamine. Fragrances were very common. Fourteen of the 20 fragrances mentioned
are established contact allergens (alpha isomethyl ionone, amyl cinnamal, benzyl benzoate, benzyl
salicylate, lilial, citral, citronellol, coumarin, eugenol, geraniol, hydroxycitronellol, lavender oil,
limonene and pine oil) with seven of these capable of inducing ACD. In 28 products, the term
“parfum” (a fragrance composition, often consisting of 10-100 fragrance ingredients) was listed.
Methyl salicylate was the only potentially harmful fragrance. Of the eight different dyes that were
found, three were non-irritant and deemed safe for use. The two yellows (sunset yellow and
tartrazine) are classified as asthma and allergy inducers, while the blues (sky blue and brilliant
blue) may cause long-lasting harmful effects. Three endocrine disruptor compounds (EDC) were
recorded, namely synperonic nonylphenol, benzophenone-4, and triclosan.

Substances that were grouped according to their sensitising properties or potential to affect
human and environmental health are summarised in Figure 2: ten products contained irritants,
23 contained potentially harmful substances, nine contained a combination of irritants and
harmful substances, 30 were considered safe, and six did not specify ingredients on the label and
were therefore assigned to the “unknown” category. Of note is that alcohol was excluded from
the grouping since it is generally considered a dermal irritant when used solely for extended
periods.
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Table 3. Ingredients of 60 hand sanitiser products grouped into categories and
substances.

Category Substance n/60
Disinfectant Benzalkonium chloride 2
Chlorhexidine digluconate 2
Ethanol 57
Glutaral 1
Isopropanol 20
1-propanol 1
Triclosan 2
Emollient Allantoin 1
Aloe barbadensis (aloe vera) leaf extract 7
Butyropsermum parkii (shea butter) 1
Glycerin 32
Polysorbate-20 1
Ethylhexylglycerin 2
Isopropyl myristate 2
PEG-40 Castor oil 5
PEG-14 Dimethicone 1
Propylene glycol 20
Synthetic wax 3
Panthenol (vitamin B5) 1
Tocopheryl acetate (vitamin E) 7
Thickener Polyacrylic acid 35
Xantham gum 1
UV-filter Benzophenone-4 1
Preservative Hydrogen peroxide 1
Methylchloroisothiazolinone 2
Methylisothiazolinone 2
Phenoxyethanol 2
Sorbitan stearate 3
Tetrasodium EDTA 3
Surfactant Synperonic nonylphenol 1
Polysorbate-60 1
Buffer Aminomethyl propanol 4
Sodium hydroxide 2
Tetrahydroxypropyl ethylenediamine 1

TEOA
Fragrance Alpha isomethyl ionone
Amyl cinnamal
Benzyl benzoate
Benzyl salicylate
Butylphenyl methylpropaniol (lilial)
Maticaria chamomilla (chamomile) oil
Citral
Citronellol
Coumarin
Eugenol
Geraniol
Hexyl cinnamal
Hydroxycitronellol
Lavandula augustifolia (lavender) oil
Limonene
Linalool
Methyl salicylate
Oleth-10
Pinus sylvestris (pine) oil
Melaleuca alternifolia (tea tree) oil
Unidentified fragrance (listed as parfum)
Dye Allura red (Cl 16,035)
Brilliant blue (CI 42,090)
Fuchsia red (Cl 17,200)
Sky blue (Cl 62,045)
Sunset yellow (Cl 15,985)
Tartrazine (Cl 19,140)
Titanium dioxide (Cl 177,891)
Unidentified dye (listed as dye)

Cl = colour index; EDTA = ethylene diamine tetraacetic Acid; PEG = polyethylene
glycol; TEOA = triethanolamine
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Figure 2. Hand sanitiser grouping showing proportions of products containing irritants, harmful substances, irritant and harmful
substances, unknown ingredients, and those considered safe.

Discussion

This paper provides insight into the content of hand sanitisers available to the broader public in
Gauteng province, SA. The most prevalent alcohol in this study was ethanol, followed by
a combination of ethanol and isopropanol or isopropanol alone. Ten of the products contained
less alcohol than is recommended for the effective deactivation of SARS-CoV-2. Many of the 60
ABHS contained substances that can be harmful to human- and environmental health, including
substances that mimic the female hormone estrogen.

Between April 2020 and August 2021, the FDA recalled more than 255 products that contained
either methanol, 1-propanol, or low levels of alcohol (McDonald 2021). Like Matatiele et al. (2022),
who assessed ABHS in Johannesburg areas of SA, only one product contained 1-propanol.
1-Propanol is toxic and can be life-threatening when ingested and, although rare, can cause allergic
skin reactions (Schiilke 2020). Similar to findings from a SA and Italian study, none of the ABHS
contained methanol (Berardi et al. 2020; Yusuf 2021). Matatiele et al. (2022), however, found
methanol in 17% of the 94 hand sanitisers they analysed. The lowest alcohol content that was
detected in this study was 32.1%, similar to sub-potent ranges observed by Berardi et al. (2020),
Govender et al. (2022), Knowler (2020), and Yusuf (2021).

Over and above disinfectants, the WHO and others suggest that three inactive ingredients be
added to ABHS to ensure user product efficacy and comfort (WHO 2010; Marumure et al. 2022).
The ABHS in this study typically contained up to 17 ingredients.

Thirty substances are known skin allergens and/or harmful to human and environmental health.
Allergy and asthma categories include sunset yellow, tartrazine, and triclosan (Zaragoza-Ninet et al.
2016). Causal agents of ACD include benzalkonium chloride, chlorhexidine digluconate, triclosan,
benzyl salicylate, citral, citronellol, eugenol, geraniol, hydroxycitronellol, limonene, tetrahydrox-
ypropyl ethylenediamine, triclosan, benzophenone-4, methylchloroisothiazolinone, and methyli-
sothiazolinone. Of the 20 recorded fragrances, 13 belong to the European Cosmetics Regulation’s
list (EU 2012) of the most known allergenic substances. Substances that can cause other adverse
health effects include brilliant blue, the most common dye recorded in this study and one that has
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been the cause of metabolic acidosis, refractory shock, and death as a consequence of systemic
absorption (Ryan et al. 2001; Maloney et al. 2002; Gaur et al. 2003; Klein 2004). A previous study
showed that permeation of brilliant blue in aftershave was possible through shaven skin (Lucova
et al. 2013) and is noteworthy because a skin barrier already compromised due to excessive ABHS
usage poses a higher risk of systemic absorption.

Several of the components listed on the labels of the ABHS could have contributed to the
estrogenic activity in this study. These include synperonic nonylphenol (Amaro et al. 2014),
benzophenone-4 (Mikamo et al. 2003), and triclosan (Rodriguez and Sanchez 2010). One ABHS
that showed estrogenic activity contained a combination of tea tree and lavender oil. Topical
applications of products containing lavender and tea tree oil were found to cause gynecomastia
in prepubertal boys and in vitro studies confirmed the estrogenic and anti-androgenic activities of
these two essential oils (Henley et al. 2007). Another possible source of estrogenic activity in the
ABHS may be substances that migrate from the packaging material into the alcohol content.
Additives, like stabilisers, antioxidants, coupling agents, and pigments are used in the formulation
of packaging materials. Some of these additives can migrate from packaging material into the
content, and some migrating compounds (like bisphenol A and phthalates) are known endocrine
disruptors (Wagner and Oehlmann 2009). It is important to note that this assay utilises a yeast
strain. Some of the samples that displayed cytotoxicity contained substances with known antifungal
properties, like triclosan (Movahed et al. 2016), tea tree oil (Hammer et al. 2004), EDTA (Kubo et al.
2005) and hydrogen peroxide (Baldry 1983). The same level of cytotoxicity might therefore not be
observed in mammalian cells.

None of the 60 ABHS that were analysed in this study fully complied with the labelling guidelines
provided by SANS (2020). Of note were false or misleading claims and a lack of reliable information
on product composition and manufacturers. Proper labelling is one of the most significant ways
consumers can obtain hand sanitiser information. It provides valuable guidance on product
composition, alcohol content, and storage instructions, promoting its safe use. It also allows
dermatologists to design appropriate intervention strategies for patients who are allergic to specific
ingredients. In countries where off-the-shelf ABHS are not regulated, labelling becomes the
cornerstone of making informed purchasing choices (Berardi et al. 2020).

Finally, while this study showed that ABHS product formulations differed significantly and
contained ingredients that are known to be hazardous and/or show estrogenic activity, more
evidence is needed to understand the consequences of long-term hand sanitiser use on human
and environmental health. Future studies should look at a comprehensive risk assessment of the
human health risk associated with using hand sanitisers.
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