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Individuals who get involved in the disinfection of public settings using sodium hypochlorite might suffer adverse
health effects. However, scarce information is available on the potential oxidative stress damage caused at low concen-
trations typically used for disinfection. We aimed to assess whether exposure to sodium hypochlorite during the
COVID-19 pandemic causes oxidative stress damage in workers engaged in disinfection tasks. 75 operators engaged
in the disinfection of public places were recruited as the case group, and 60 individuals who were not exposed to dis-
infectant were chosen as the control group. Spot urine samples were collected before (BE) and after exposure (AE) to
disinfectants in the case group. Likewise, controls provided two spot urine samples in the same way as the case group.
Urinary malondialdehyde (MDA) levels were quantified by forming thiobarbituric acid reactive substances in the
urine. In addition, the concentration of 8-hydroxy-2′-deoxyguanosine (8-OHdG) in the urine was determined using
an ELISA kit. Results showed significant differences in the urinary levels of oxidative stress markers, where median
8-OHdG (AE case: 3.84 ± 2.89 μg/g creatinine vs AE control 2.54 ± 1.21 μg/g creatinine) and MDA (AE case:
169 ± 89 μg/g creatinine vs AE control 121 ± 47 μg/g creatinine) levels in case group AE samples were 1.55 and
1.35-times higher than the control group AE samples (P< 0.05), respectively. Besides, urinary levels of oxidative stress
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markers in AE samples of the case group were significantly higher than in BE samples (8-OHdG BE 3.40± 1.95 μg/g
creatinine, MDA BE 136 ± 51.3 μg/g creatinine, P < 0.05). Our results indicated that exposure to even low levels of
sodium hypochlorite used in disinfection practices might cause oxidative stress related damage. With this in mind, im-
plementing robust protective measures, such as specific respirators, is crucial to reduce the health burdens of exposure
to disinfectants.
1. Introduction

COVID-19, a disease caused by the severe acute respiratory syndrome 2
(SARS-CoV-2) virus, was first reported in late 2019 in Wuhan, China, and
then rapidly spread to other countries worldwide. The new coronavirus
showed higher transmissibility potential than SARS-CoV and MERS-CoV
(Zhu et al., 2020). With this in mind and because of its rapid spread, the
World Health Organization (WHO) declared this viral outbreak a pandemic
on March 11, 2020 (WHO, 2020). In addition, according to the WHO
COVID-19 dashboard, there have been over 249 million confirmed cases
and over five million deaths reported around the world, with almost six
million confirmed cases and over 127,400 deaths in Iran (as of November
8, 2021) (WHO, 2020).

To date, studies reported that SARS-CoV-2 could be transmitted to
humans through person-to-person contact, fomites, aerosol, and droplets
(Chan et al., 2020; Peng et al., 2020; Tang et al., 2020). Contamination of
frequently touched surfaces in public places is one of the potential sources
of SARS-CoV-2 transmission. With this in mind, WHO recommends consis-
tent and proper environmental cleaning and disinfection procedures to en-
sure that frequently touched surfaces are free from SARS-CoV-2 (WHO,
2020). Studies recently reported the effectiveness of various disinfectants
such as ethanol (78–95%), isopropanol (70–100%), formaldehyde
(0.7–1%) and other available disinfectants against the inactivation of
SARS-CoV-2 (Kampf, 2020; Pradhan et al., 2020). However, various disin-
fectants require different concentrations to be effective against SARS-CoV-
2. For instance, hydrogen peroxide could inactivate SARS-CoV-2 at a concen-
tration of 0.5%, while other disinfectants like sodium hypochlorite need a
concentration of at least 0.21% to inactivate SARS-CoV-2 (Kampf, 2020).

Individuals who get involved in public place disinfection procedures can
be potentially exposed to significant levels of disinfectant chemicals through
inhalation and dermal contact, which could cause adverse effects on their
health. For example, adverse health effects such as asthma, inflammatory re-
actions in the airways, decreased lung function, and eye irritation have been
correlated with exposure to disinfectants and cleaning products (Clausen
et al., 2020). In addition, Vizcaya et al. (2015) found a significant correla-
tion between the use of cleaning sprays and lower forced expiratory volume
(FEV1) in cleaning workers. To date, studies published in disinfectant expo-
sure assessment have mostly focused on pulmonary health consequences,
and there is a lack of scientific-based evidence related to other potential
health effects resulting from disinfectant exposure. The COVID-19 pan-
demic has resulted in massive increases in the usage of disinfectants world-
wide, which represents an opportunity to advance our understanding of a
wide range of health effects related to disinfectant use. One potential ad-
verse health effect resulting from disinfectant exposure could be triggering
oxidative stress, an important mechanism in cell cytotoxicity and the devel-
opment of various health endpoints. Disinfectant exposure has been associ-
ated with increased levels of reactive oxygen species (ROS), membrane
damage, ROS-mediated DNA damage, and increased stress response in bac-
terial communities (da Cruz Nizer et al., 2020; Zhang et al., 2021b) and
mice (Li et al., 2021). Sodium hypochlorite is a potent oxidant (Hawkins
and Davies, 1998) that reacts with a large number of biomolecules, includ-
ing proteins, lipids, and DNA (Strempel et al., 2017), and hence with the
ability to produce oxidative stress damage. Whilst some studies have
assessed health effects related to oxidative stress in human cellular models
(Hidalgo et al., 2002; Uğur Aydin et al., 2018), scarce information is avail-
able on the potential oxidative stress damage caused at low concentrations
typically used for disinfection from human exposure studies. Considering
that sodium hypochlorite is a potent oxidant, it can be hypothesised that
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exposure to sodium hypochlorite at the concentrations used in disinfection
activities might result in oxidative stress damage in humans.

Human biomonitoring (HBM) is a reliable complementary approach to
exposure assessment and has beenwidely used for many years to character-
ize environmental and occupational exposure to different contaminants in
the general population (Hoseini et al., 2018; Rafiee et al., 2020) and various
occupational settings (Hoseini et al., 2018; Longo et al., 2021; Rafiee et al.,
2018; Rafiee et al., 2019; Rafiee et al., 2020). HBM has also been success-
fully used to assess health effects associated with oxidative stress damage
(Rafiee et al., 2021; Rafiee et al., 2022). With this in mind, this study was
aimed to evaluate whether exposure to sodium hypochlorite at the concen-
trations used in disinfection activities produces oxidative stress damage in
humans. We employed a biomonitoring approach to assess the health ef-
fects of disinfectant exposure among individuals involved in the disinfec-
tion against SARS-CoV-2 by measuring oxidative stress markers, including
malondialdehyde (MDA) and 8-hydroxy-2′-deoxyguanosine (8-OHdG).
2. Materials and methods

2.1. Study area and selection of the participants

We collected urine samples from two groups of subjects according to
their known occupational exposure to disinfectants. The exposed group
were individuals involved on a daily basis in the disinfection process of var-
ious big grocery stores across Tehran, Iran's capital, with a population of
over 10 million inhabitants (Rafiee et al., 2022). Disinfection procedures
were routinely performed in the workplace in the morning and afternoon.
The Ethical aspects of the present study were approved by the National In-
stitute for Medical Research Development (NIMAD) of Iran, under ethic no.
IR.NIMAD.REC.1399.085.

Since this is the first study to evaluate oxidative damage related to dis-
infectant exposure, no power calculation could be done to determine the
number of samples. Instead, scientific judgement and professional expertise
were used to decide an optimal group size of 75menwhowere healthy and
engaged in public places' disinfection to be recruited as the case group. Be-
sides, the non-exposed group consisted of 60 healthymenwhowere not ex-
posed to disinfectant exposure, either from occupational or environmental
exposure.

Several inclusion criteriawere set for both the case and control subjects.
Recruitment of the case participants into the study was subjected to the fol-
lowing inclusion criteria:

1. Individual must have engaged in the public places disinfection process
as an operator;

2. Participation in the study should be voluntary;
3. Participation was restricted to non-smokers, to capture the effect of ex-

posure to disinfectant only;
4. Healthy individuals with no background disease;
5. No occupational exposure to disinfectants; and
6. Individuals not exposed to high levels of occupational stressors, such as

high temperature and humidity, and higher levels of chemical pollutants
in their working environment.
Subjects who could not satisfy the case inclusion criteria mentioned

above were excluded from the study.
In addition, the inclusion criteria for subjects in the control group were:

1. Individuals not occupationally exposed to disinfectants.
2. Participation in the study should be voluntary;



Table 1
Socio-demographic characteristics and health status of the participants.

Variables Case
(n = 75)

Control
(n = 60)

Age (years) 39 ± 9 41 ± 10
Height (cm) 177 ± 5 175 ± 4
Weight (kg) 78 ± 11 75 ± 9
BMI (kg/m2) 27 ± 4 25 ± 5
Education (%)
High school Diploma 55 10
Bachelor 45 50
Master – 40

Traffic situation near the place of residence (%)
Low 25 35
Medium 50 55
High 25 10

Using hand sanitizers per day (%)
Once 7 38
1–3 35 55
3–6 27 7
More than 6 31 –

Volume of disinfectants usage per month (%)
Less than 50 cm3 – 55
51–100 cm3 29 35
101–200 cm3 38 10
More than 200 cm3 33 –

Using disinfectants to disinfect surfaces per day (%)
Once 5 70
1–3 33 30
3–6 35 –
More than 6 27 –

Skin irritation after using disinfectants (%)
Yes 45 36
No 55 64

Eyes irritation after using disinfectants (%)
Yes 48 25
No 52 75
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3. Not using sodium hypochlorite for disinfecting their living environment;
4. Healthy individuals with no background disease;

Any subjects who could not satisfy the inclusion criteria for the control
group mentioned above were excluded from the study. Subjects in the con-
trol group were asked to minimize their hand sanitizer usage and wash
their hands with soap instead. In addition, all subjects filled out a question-
naire, including socio-demographic information and information about re-
spiratory and cardiovascular impairments such as asthma and high blood
pressure. All subjects in the case group used sodium hypochlorite as the dis-
infectant in the course of performing their operations.

2.2. Urine sampling

Spot urine samples from subjects in the case groupwere collected twice:
the first urine sample was collected in the morning (7:30–7:45 a.m.) before
the disinfection process, which is considered the before exposure (BE) sam-
ple hereafter. The sampling process started at 8 a.m. and lasted for 2 h. The
second urine sample was collected 6 h after the disinfection process com-
pletion (4:15–4:45 p.m.), considered the after exposure (AE) sample.We re-
questedmanagers to assign staff involved in the disinfection process to light
work once the disinfection procedure was completed on the sampling day
tominimize their exposure to other occupational stressors that could poten-
tially affect oxidative stress levels in their bodies. Likewise, participants in
the control group provided two spot urine samples in the same way as the
case group. In total, 270 urine samples were collected, including 150 sam-
ples from the case group and 120 samples from the control subjects. Urine
samples were collected into 60 mL polypropylene vials, labelled, and trans-
ferred to the laboratory using a portable fridge at 4 °C.

2.3. Identification of urinary MDA and 8-OHdG

The urinary MDA levels were quantified by the formation of thiobarbi-
turic acid reactive substances in the urine based on the method described
elsewhere (Chatziargyriou and Dailianis, 2010). Briefly, 500 μL of urine
were exposed to phorbol-myristate acetate (PMA) (10 μg mL−1). In the
next step, samples were centrifuged at 1200 rpm for 10 min at 4 °C and
the supernatantwas collected. After vortexing for 5 s, butylated hydroxytol-
uene (BHT) was added at a concentration of 0.02% to prevent further lipid
peroxidation. Finally, samples were incubated at 90–100 °C for 15 min,
cooled at room temperature, centrifuged at 10,000 rpm for 10 min, and fi-
nally measured spectrophotometrically at a wavelength of 535 nm.

ELISA assay kit (Zell Bio, GmbH., Germany) was used to determine the
concentration of 8-OHdG in the urine based on the method described else-
where (Ściskalska et al., 2014). In brief, 100 μL of conjugate 8-OHdG/
bovine serum albumin (BSA) was added to each of the 96-well plates of
the ELISA kit and incubated overnight at 4 °C and washed with water,
followed by 200 μL blocking buffer and incubated for 1 h at room tempera-
ture. 50 μL of samples of 8-OHdG standards were added, and after 10min of
incubation, 100 μL ofmonoclonal anti-8-OHdGwas added and incubated for
1 h at room temperature, thenwashed three times by the addition of second-
ary antibody conjugated to 100 μL of horseradish peroxidase, followed by 1-
h incubation at room temperature. Next, 100 μL of substrate for peroxidase
was added to the plate and incubated for 20 min. Then, 100 μL of reaction
stop solution was added. Absorbance was spectrophotometrically measured
at a wavelength of 450 nm. The amount of 8-OHdG was calculated by com-
parison with a standard curve determined from standards treated similarly
to the samples. In addition, bothMDA and 8-OHdGwere corrected for creat-
inine, as determined by the Jaffé reaction method (Butler, 1975).

2.4. Statistical approach

In the present study, SPSS 21.0 package software (SPSS Inc., Chicago, IL)
and GraphPad Prism software 8.0 were used to perform statistical analysis
on oxidative stress markers in urine samples. The normality of the data dis-
tribution was checked using the Kolmogorov–Smirnov test. Since data was
not normally distributed, the Mann–Whitney U test was employed to assess
3

differences in urinary levels ofMDA and 8-OHdG among the studied groups.
In addition, multiple linear regression analysis was applied to evaluate the
association between concentrations of oxidative stress biomarkers, including
MDA and 8-OHdG and variables describing the use of disinfectants and per-
sonal protective equipment.We have also included age and bodymass index
(BMI) as covariate factors in the regression model to assess their effects on
the urinary oxidative stress markers. In addition, the Spearman correlation
testwas used to assess the collinearity between variables prior to being intro-
duced into the regression model. We used a pairwise correlation coefficient
(r) of <0.5 as the indicator for introducing variables into the model.

3. Results and discussion

3.1. General characteristics of the participants

Table 1 represents the socio-demographic characteristics and health sta-
tus of the participants. No significant differences were observed between
cases and controls in terms of age and BMI (P > 0.05). There was a signifi-
cant difference between studied groups regarding education (P < 0.05).
Subjects in the case group had used significantly higher hand sanitizers
than controls (P < 0.05). In addition, subjects in the case group used signif-
icantly higher volumes of disinfectants than controls (P < 0.05). According
to information obtained by the questionnaire and personal interviews, al-
most half of the subjects in the case group reported skin and eye irritation
after using disinfectants, a frequency significantly higher than reported by
participants in the control group (P < 0.05).

3.2. Urinary profile of MDA and 8-OHdG

Results of oxidative stress urinary biomarkers are presented in Fig. 1
and Table S1. Concentrations of 8-OHdG in the present study (arithmetic
means ranging between 2.27 and 3.84 μg/g creatinine) are similar to
those reported (3.28 and 3.65 μg/g creatinine) for garage and waste



Fig. 1. Urinary MDA and 8-OHdG levels in studied groups.
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collectionworkers exposed to traffic emissions in Finland (Harri et al., 2005)
and China (Zheng et al., 2018), as well as for workers exposed to TiO2, SiO2

and indium tin oxide nanomaterials in Taiwan (Liou et al., 2017). Similar
concentrations (2.86–4.10 μg/g creatinine) were measured in participants
of the control group in occupational exposure studies in China (Ke et al.,
2016; Zheng et al., 2018), Taiwan (Liu et al., 2008; Pan et al., 2018) and
Finland (Harri et al., 2005). Very few occupational exposure studies re-
ported lower concentrations than those measured in the present study,
such as those reported for farmers exposed to pesticides (Lee et al., 2017)
in South Korea and concentrations in the control group in Taiwan (Liou
et al., 2017; Liu et al., 2009), which range from 0.9 to 1.84 μg/g creatinine.
On the contrary,most occupational exposure studies report 8-OHdG concen-
trations higher than those measured in the present study, between 15 and
30 μg/g creatinine (Chang et al., 2011; Huang et al., 2012; Wang et al.,
2011). Workers occupationally exposed to heavy metals present larger con-
centrations (5.0–7.8 μg/g creatinine) than those measured in this study (Liu
et al., 2009; Pan et al., 2018; Samir and Rashed, 2018), as do workers ex-
posed to combustion emissions (7.56–14.47 μg/g creatinine) (Ke et al.,
2016; Miglani et al., 2019; Zhao et al., 2018).

The concentrations of MDA in workers involved in disinfectant jobs to
eliminate SARS-CoV-2 from surfaces in Iran (169 ± 89 μg/g creatinine) are
similar to concentrations measured in cooks in Taiwan exposed to cooking
fumes (Ke et al., 2016; Pan et al., 2008), electroplating workers exposed to
hexavalent chromium (Huang et al., 1999; Pan et al., 2018) and miners ex-
posed to elemental mercury (Kobal et al., 2003), with concentrations of
MDA ranging between 152 and 199 μg/g creatinine. Similarly, the MDA
concentrations measured in the control groups are within the same range
of concentrations (102–135 μg/g creatinine) as thosemeasured in the control
group in the present study (129 ± 52 μg/g creatinine). On the other hand,
lower MDA concentrations were reported for wildland firefighters exposed
to woodsmoke (68.4 ± 21.6 μg/g creatinine) (Adetona et al., 2013), rural
populations in the north of China exposed to e-waste PAH emissions
(ranging from 44.2 to 132 μg/g creatinine) (Yang et al., 2015) or farmers
exposed to pesticide (9.58 ± 5.04 μg/g creatinine) (Lee et al., 2017).

3.3. Effects of exposure to sodium hypochlorite-based disinfectants on oxidative
stress

Significant differences were observed in urinary 8-OHdG levels be-
tween the studied groups, where the median 8-OHdG levels in case group
4

AE samples were 1.55-time higher than control group AE samples
(P < 0.05). Likewise, the urinary median 8-OHdG level in case group AE
samples was 1.21-fold higher than in BE samples (P < 0.05).

In terms of MDA, significant differences were observed between studied
groups, where the median urinary MDA levels of case group AE samples
were 1.15-fold higher than BE samples (P < 0.05). Likewise, the median
MDA levels in case group AE samples were 1.35-time higher than the corre-
sponding values in control group AE samples (P < 0.05).

The range of 8-OHdG and MDA concentrations in the case participants
is larger than in the control participants. This might be associated with
the fact that case participants are exposed to sodium hypochlorite-based
disinfectants everyday in their working routines. On the other hand, despite
the BE range of 8-OHdG and MDA concentrations being larger for the case
than for the control participants, no significant differenceswere observed in
median urinary 8-OHdG concentrations, nor for MDA levels between case
group BE samples and control group BE samples in the non-parametric
tests (P > 0.05). In addition, there were no significant differences for me-
dian urinary 8-OHdG or MDA levels between case group BE samples and
control group AE samples (P > 0.05).

The concentrations of MDA and 8-OHdG of operators in the case group
exposed to different levels of disinfectants during their work were also in-
vestigated to provide more insight into how exposure to various volumes
of disinfectants affected oxidative stress status in the body after exposure.
Subjects in the case group were sub-grouped by the volume of disinfectant
used in one month as follows: (1) operators who used 51–100 cm3 of
sodium hypochlorite; (2) operators who used 101–200 cm3 of sodium hy-
pochlorite; and (3) operators who used over 200 cm3 of sodium hypochlo-
rite for the disinfection of the studied public places. The results (Fig. 2)
showed significant differences between the studied groups in a dose-
response, i.e. increasing use of sodium hypochlorite (hence exposure expo-
sure), produces an increasing concentration of urinary oxidative stress
markers. The findings indicate significant differences between studied
sub-groups in terms of urinary oxidative stress biomarkers (MDA and 8-
OHdG) (P < 0.05). Both MDA and 8-OHdG levels measured in the urine
of the case subjects who used over 200 cm3 of sodium hypochlorite for dis-
infection purposes were significantly higher than the corresponding values
in the urine of operators who used 101–200 cm3 and those who used
51–100 cm3 (P < 0.05). In addition, MDA and 8-OHdG levels in the urine
of the operators who used 101–200 cm3 of sodium hypochlorite for disin-
fection were significantly higher than the concentrations in the urine of



Fig. 2. The effect of the volume of disinfectant usage on MDA and 8-OHdG concentrations.
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subjects who used 51–100 cm3 of the disinfectant. It is worthwhile to note
that disinfection operators who used over 200 cm3 of sodium hypochlorite
per month were responsible for the disinfection of larger areas and thus ex-
posed to higher levels of disinfectant for a longer time.

The comparative analysis results between the DNA and lipid oxidative
damage markers suggest that the use of sodium hypochlorite as a disinfec-
tant produces oxidative damage in the workers. This is consistent with in-
formation extracted from the Hazardous Substances Data Bank (HSDB),
which reports that sodium hypochlorite is a strong oxidizing agent
(HSDB, 2021; Lewis, 1993). Hawkins and Davies (1998) reported that hy-
pochlorite damages proteins by reaction with amino acid side-chains or
backbone cleavage producing high- and low-molecular-mass nitrogen-
centred protein-derived radicals. In their experiment, these radicals reacted
with ascorbate, glutathione, and synthetic vitamin E (Hawkins and Davies,
1998). The results of an in vitro study on human peripheral blood cells have
also shown that exposure to sodium hypochlorite increases the chromo-
somal aberration rate in human lymphocyte cells (Gül et al., 2009). These
findings suggest that hypochlorite exposure may produce hypochlorite-
derived radicals, leading to oxidative stress, which could overwhelm the
antioxidant capacity, leading to oxidative DNA and lipid damage. In addi-
tion, exposure to disinfection by-products in chlorinated water has also
been associated with oxidative stress, with increased concentrations of uri-
nary biomarkers of oxidative stress [8-hydroxy-2-deoxyguanosine and 8-
isoprostaglandin F2α] (Zhang et al., 2021a). It is worthwhile to note that
hypochlorite can also directly react with numerous biomolecules, including
proteins, lipids, and DNA (Gray et al., 2013; Klebanoff, 2005; Rosen et al.,
1990; Strempel et al., 2017), which could also explain the increase in
DNA and lipid oxidative damage markers measured in the exposed
workers.
Table 2
Association between oxidative stress biomarkers and expo

Green cells represent regression coefficients with P-value <
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3.4. Potential routes of exposure

Results of the multivariate regression analysis are provided in
Table 2. Using gloves and the volume of disinfectants used were high-
lighted as the predictor factors affecting the urinary concentrations of
MDA and 8-OHdG in the studied groups. The fact that the volume of
disinfectant used is a predictor of the concentration of MDA and 8-
OHdG urinary concentrations strengthens the suggestion that exposure
to sodium hypochlorite is associated with DNA and lipid oxidative
damage.

The critical evaluation of information extracted from Tables 1 and 2
provides insights into the possible routes of exposure to sodium
hypochlorite.

3.4.1. Dermal contact
Exposed subjects report a higher frequency of skin irritation (Table 1).

In addition, according to Table 2, those who did not use gloves reported
concentrations of MDA 0.402 μmol/mol creatinine (95% CI: 0.396,
2.008 μmol/mol creatinine) higher and concentrations of 8-OHdG
0.382 ng/mmol creatinine (95% CI: 0.154, 0.542 ng/mmol creatinine)
higher than those who do use gloves. These results are highly suggestive
that dermal contact might be an important route of exposure to sodium hy-
pochlorite, leading to increased levels of DNA and lipid oxidative damage
in the workers in charge of disinfecting surfaces with sodium hypochlorite
as a preventative measure against COVID-19 transmission.

3.4.2. Inhalation
Likewise, Table 1 shows that workers using sodium hypochlorite to dis-

infect surfaces reported eye irritation more frequently (P < 0.05). This
sure to disinfectants and other potential confounders.

0.05.
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suggests that vapours associated with the use of sodium hypochlorite
might cause eye irritation. However, under normal conditions, chlorine
gas is not released by bleach solutions and hence inhalation of sodium
hypochlorite vapours is very rare (PHE, 2015). On the other hand,
mixing bleach with acids, like acidic cleaning agents, releases highly ir-
ritant gases (PHE, 2015; Racioppi et al., 1994). The large frequency of
workers reporting eye irritation suggests that mixing sodium hypochlo-
rite with other acidic cleaning agents might have been a common prac-
tice undertaken during their job chores in the population under study. In
addition, exposure to disinfectant through inhalation could cause pul-
monary impairments in the exposed subjects. For example, previous
studies reported a significant association between occupational expo-
sure to disinfectants and an increased risk of chronic obstructive pulmo-
nary disease (COPD) among nurses who had worked in different
hospitals across the United States (Dumas et al., 2019). Although the
mechanisms by which exposure to disinfectants affects human health
are not fully understood, some mechanistic pathways have been high-
lighted, particularly relating to pulmonary effects. For example, it has
been revealed that chronic exposure to corrosive chemicals, commonly
found in disinfectants, through inhalation could damage the respiratory
mucosa, resulting in inflammation responses and consequently pulmo-
nary impairments such as asthma (Clausen et al., 2020; Siracusa et al.,
2013)

3.5. Strengths and limitations

The main limitation of the study is that no information is available on
other sources of exposure that could have led to increased levels of DNA
and lipid oxidative damage in the population under study. Oxidative stress
damage could have also been associated with exposure to traffic emissions
(Graille et al., 2020; Lai et al., 2005; Rafiee et al., 2022), cooking fumes
(Kamal et al., 2016; Ke et al., 2009; Ke et al., 2016), per- and
polyfluoroalkyl substances (Bonato et al., 2020; Lin et al., 2020), heavy
metals (Bortey-Sam et al., 2018; Rafiee et al., 2021; Yang et al., 2020),
VOCs (Chang et al., 2011; Fenga et al., 2017) and pesticides (Lee et al.,
2017; Tope and Panemangalore, 2007).

On the other hand, this study has adequately controlled for the possible
oxidation damage to DNA and lipid oxidation related to smoking by
recruiting non-smokers only. Equally, subjects recruited have similar an-
thropometric measures (age, height, weight, BMI), and were restricted to
one sex (males), controlling for factors which also may affect oxidative bio-
marker concentrations (Loft et al., 1992; Maehira et al., 2004; Mizoue et al.,
2007; Oba et al., 2019; Varghese et al., 2020).

4. Conclusions

To the best of our knowledge, this is the first study to examine the asso-
ciation between the use of sodium hypochlorite as a disinfectant against
SARS-CoV-2 and the health effects associated with oxidative damage,
using biomarkers of DNA and lipid peroxidation.

A large proportion of workers involved in disinfection activitieswith so-
dium hypochlorite frequently reported eye irritation. The results also show
that exposure to sodiumhypochlorite at the concentrations used in disinfec-
tion activities produces oxidative stress damage in humans, both DNA and
lipid peroxidation, in a dose-response manner.

A simple protectivemeasure, such as the use of gloves, was identified as
an effective way of reducing exposure to sodium hypochlorite and its asso-
ciated oxidative stress effects on DNA and lipid oxidation damage. Since so-
dium hypochlorite is extensively used to clean surfaces as a preventative
measure against COVID-19 transmission and other disinfection tasks, it is
recommended that workers handling sodium hypochlorite use gloves, suit-
able respirators, safety goggles to reduce health effects associated with its
handling. Employers should also review shift-work schedules to reduce ex-
posure to disinfectants.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.152832.
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