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ABSTRACT

Introduction: Hand eczema, skin barrier function and skin microbial contamination among waste workers are underexplored.
This study aims to assess: (1) the prevalence and risk factors of hand eczema, (2) the levels of transepidermal water loss (TEWL),
and (3) skin microbial contamination in waste sorting workers.

Methods: Using the Nordic Occupational Skin Questionnaire—2002, data were collected from 69 waste sorting workers and
25 office personnel. TEWL was measured with a Tewameter (TM 300, Courage+ Khazaka Electronic, Koln). Microbial skin
samples were collected from the left dorsal hand with sterile swabs (Copan, Italy) and cultured. Analyses included descriptive
statistics and multivariate logistic regression.

Results: The hand eczema prevalence was 25% among waste workers and 40% in office personnel. The prevalence of hand ec-
zema was significantly lower among exposed workers compared to controls (p =0.012). TEWL and fungal concentrations were
comparable across groups. Atopic dermatitis (AD) and nicotine use were significant predictors of HE. The prevalence of hand
eczema experienced during the past week was significantly associated with elevated bacterial concentrations (p value=0.05) in
both groups.

Conclusions: Waste sorting workers had up to 2.4 times higher prevalence of hand eczema compared with the general popu-
lation, but a lower prevalence than office workers in the same industry. These findings may reflect a potential healthy worker
effect. The potential role of bacterial concentrations in the occurrence of hand eczema warrants further investigation.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Waste management industries, especially the workforce engaged
in waste sorting, are expected to expand throughout the world
in order to meet the Sustainable Development Goals (SDGs) es-
tablished by the United Nations Environment Programme [1].
For example, the European Union's member states currently
produce 2.5 billion tons of waste each year, a figure projected to
rise to 3.4 billion tons by 2050 [2, 3].

Waste sorting workers, hereafter waste workers, are regularly ex-
posed to biological agents with potential toxic, allergenic and in-
fectious properties during the handling and sorting of waste [4].
Skin problems such as skin rash, infections and even systemic
lupus erythematosus have previously been reported in a few stud-
ies among waste workers [5, 6]. These studies have shown non-
consistent findings regarding the association between exposure to
waste and skin conditions. Recently, technical advancements—
such as the implementation of automated waste sorting lines and
modifications of waste sorting processes—have introduced new
exposure scenarios, highlighting the need to re-evaluate work risk
assessments within the waste industry [7].

Hand eczema (HE) is the most common work-related skin dis-
ease, often resulting from exposure to irritants and allergens in the
workplace [8]. Surprisingly, the occurrence of HE among waste
workers is still underexplored, despite frequent occupational skin
contact with chemical and biological agents [4] potentially com-
promising skin barrier function. Measurements of skin barrier
function in terms of transepidermal water loss (TEWL) have been
explored in occupations with a high risk of HE such as health per-
sonnel [9], hairdressers [10], cleaners [11], and oil drilling waste
workers [12] in order to early identify workers with skin barrier
dysfunction and increased risk of developing HE. To what extent
this quick and non-invasive measurement can be used among
waste workers at risk of developing HE has not yet been explored.

Microbial skin contamination may play a significant role in skin
barrier function and could influence TEWL and the occurrence of
HE. The skin microbiome contributes to the maintenance of bar-
rier function and modulates inflammatory responses, potentially
influencing the development and severity of skin conditions [13].
Still, the relationship between skin microbiota, barrier function,
and the prevalence of HE remains largely unexplored. In a group
of waste workers, this study aims to assess (1) the prevalence of HE
and its predictors; (2) the usefulness of TEWL measurements for
the early identification of workers with skin barrier dysfunction
and HE; and (3) the characterisation of skin microbial contami-
nation levels in relation to TEWL levels and the risk of HE among
waste workers compared to office personnel.

2 | Materials and Methods
2.1 | Sampling Sites and Study Population

Sampling was conducted at 6 contemporary waste sorting plants
(wsp) between June 2020 and November 2021 (Figure 1). Exposed
waste workers (n=69) and office personnel (controls, n=25)
from the respective plants were invited to participate in the study.
Participation was voluntary, and informed consent was obtained

FIGURE1 | Locations of participating waste sorting plants A-F.

prior to participation. At wsp A-C, residual waste was sorted by
automated waste sorting lines, whereas at wsp D-F residual waste
from private housing collectives, pre-sorted plastics and paper/
cardboard waste was mainly sorted by hand and excavators.

2.2 | Questionnaire

An adapted Norwegian version of the Nordic Occupational Skin
Questionnaire-2002 (NOSQ-2002) [14] was used to collect self-
reported information on workers' skin conditions, including
atopic dermatitis, nicotine use, and work-related data.

2.3 | TEWL

Skin barrier function was measured in terms of TEWL using
a Tewameter (TM 300, Courage + Khazaka Electronic, Kdln).
Due to the ongoing Covid pandemic and limited access to work-
ers, the TEWL measurement could only be performed on a sub-
set of participants. TEWL measurements were performed on a
total of 11 exposed workers and 3 controls working at wsp A (7
exposed, 1 controls) and F (4 exposed, 2 controls).

2.4 | Microorganisms in Skin Swabs

Skin swabs were collected from exposed waste workers and con-
trols midweek after exposure by swabbing approximately 5cm?
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of the non-dominant dorsal hand using sterile Copan eSwabs in
liquid Amies medium (ESwab 480C, Copan Diagnostics Inc. CA,
USA). The samples were stored at —80 dC until analysis. Skin
swabs were cultured on selective media and analysed as described
by Viegas et al. [15]. Microbial concentrations were reported as
CFU/m?. Fungal colonies were identified based on morphology.

2.5 | Data Analysis

All data analyses were conducted in R/R Studio (version 4.4.1).
Statistical analysis was conducted using rstatix [16] and Ime4
[17]. Graphs were produced using ggplot2 [18]. The map was
created using the sf [19] and rnaturalearth-package [20]. A logis-
tic regression model was used to study differences in symptom
prevalence between exposure groups.

Logit(Prob(eczema =yes)) = f atopic eczema +exposure group
+smoking habits
@®
where atopic eczema (categorical, yes vs. no) and exposure group

(categorical, exposed vs. control).

Furthermore, a logistic regression model was used to study the
effect of microbial concentrations on the prevalence of skin
symptoms, as well as a linear regression model to study the ef-
fect of microbial concentration on skin barrier function (TEWL).

Logit(Prob(symptom = yes)) = f bacterial CFU + fungal CFU
@

Skin barrier function = §, + f,bacterial CFU + g, fungal CFU + ¢
©)

Correlation between time spent on clean/unclean work tasks

and microbial CFU was reported as Pearson correlation coef-

ficient and Benjamini Hochberg-corrected p values. p values

below 0.05 were considered statistically significant.

3 | Results

3.1 | Study Population and Questionnaire

3.1.1 | Questionnaire

Table 1 shows the demographics of the study population by ex-

posure group and sex (Table 1). The one-year prevalence of HE
was 25% in the exposed population and 40% in the control group

(Table 2). In the exposed population, 7% reported HE in associ-
ation with work, whereas 9% were unsure if it was work-related.
No work-related HE was reported in the control group. However,
50% of the controls as well as 71% of the exposed workers reported
a form of symptom relief during off-work periods. Atopic eczema
was present in 20% of controls and 14% of exposed workers.

When comparing workers at plant ABC (automation) and plant
DEF (manual sorting), no statistically significant differences
in the prevalence of hand eczema were observed in the ad-
justed model.

Four workers stated that the HE worsened with the use of nitrile
or latex gloves. Two workers stated that the HE worsened when
in contact with dirt/dust and paper, and one when exposed to
cold temperatures.

3.2 | Models

Significant predictors of HE included atopic eczema
(p value=0.04), hand eczema (p value=0.01), and dry hands
(p value=0.020) (Table 3). The use of nicotine products was
a significant indicator for HE (p value=0.02) and dry hands
(p value=0.05). Work-related eczema as well as dry hands
were less prevalent in the exposed group; the differences were,
however, not statistically significant (p values=0.08 and 0.06,
respectively).

3.3 | Microbial Concentrations in Skin Swabs
Average bacterial CFU concentrations and skin barrier measure-
ments were comparable between the exposure groups (Table 4).

There were relatively low fungal CFU concentrations in the

TABLE 2 | Prevalence of risk factors and skin conditions. Figures
are given as absolute and relative numbers.

Controls Exposed

n % n %

Nicotine (smoking, snus and 5 20 16 23
e-cigarettes)

Atopic eczema 5 20 10 14
Dry hands (past week) 5 20 31 45
Hand eczema (one-year 10 40 17 25
prevalence)

Hand eczema (past week) 1 4 10 14

TABLE1 | Demographics study population. Split by exposure group and sex range levels in parentheses.

Controls Exposed
Female Male Female Male
n() 8 17 6 63
Mean age (min-max) 36 (29-41) 45 (31-55) 35(21-65) 39 (20-65)
Mean BMI (min-max) 25 (22-31) 27 (20-31) 24 (20-32) 27 (20-41)
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TABLE 3 | Prevalence of hand eczema in relation to exposure group, atopic eczema and smoking habits.

Hand eczema Work-related Hand eczema Dry hands
(1year) eczema (past week) (past week)

Predictors OR 4] OR P OR 4] OR 4]
Intercept 0.77 0.5 0.08 0.00 0.12 0.00 0.14 0.00
Status (ref.: control) 0.54 0.25 3.99 0.08 1.59 0.54 3.04 0.06
Atopic eczema (ref.: no) 4.07 0.04 2.17 0.27 5.90 0.01 5.24 0.02
Nicotine use (ref.: no) 0.27 0.02 0.75 0.61 0.24 0.08 2.51 0.05
Observations 94 94 94 94

Note: Statistically significant p values (= /< 0.05) in bold.

TABLE4 | Average CFUcounts(AM)andskinbarrier measurements
by exposure group.

Bacterial Fungal
n CFU/m? CFU/m? TEWL
Control 27 7.4x108 5.0%103 22.2
Exposed 73 8.7x10° 7.7x103 18.5

samples, whereas bacterial counts were higher. Gram-negative
bacteria were identified in samples collected from exposed
workers; however, they were absent in samples from controls.
Among fungi, Penicillium sp. was generally the most prevalent
genus identified in skin swab samples, except from samples col-
lected in controls at wsp A, in which Cladosporium sp. was dom-
inant. In samples collected from exposed workers at wsp B, A.
nigri and A. fumigatus were identified. Detailed results can be
found elsewhere [15].

The prevalence of HE experienced during the past week was sig-
nificantly associated with elevated bacterial concentrations (p
value =0.05) (Table 5). Bacterial CFU concentrations were sig-
nificantly negatively associated with reduced skin barrier lev-
els (p value =0.019), the effect was, however very low. Bacterial
concentrations did not affect the prevalence of dry hands during
past week. Fungal concentrations were not a contributing factor
to any of the assessed skin conditions.

TEWL levels were significantly negatively associated with in-
creased bacterial concentrations (p value=0.03) (Figure 2).
Time spent on unclean work tasks was significantly negatively
associated with bacterial CFUs (p value =0.02).

4 | Discussion

The prevalence of HE among waste workers was 2.4 times
higher, and work-related HE was three times higher than in the
general Norwegian population [21]. Interestingly, it was unex-
pectedly lower than in office workers who exhibited a 1.5-fold
higher HE prevalence than waste workers, and up to 3.6 times
higher than the general population.

A potential “healthy worker survivor” effect may have influ-
enced our findings, as previous evidence at the populational

level suggests that skin problems are associated with change of
jobs in Norway's general workforce [22]. Specifically, some in-
dividuals with pre-existing skin issues may have transitioned
from waste sorting to office roles, resulting in a selection bias—
an example of the healthy worker effect under employment.
Conversely, workers with prior skin problems could also have
been allocated to less exposed roles from the outset [22].

It is noteworthy that, during data collection amid the COVID-19
pandemic, 50% of controls and 71% of exposed workers reported
relief from skin problems during off-work periods. We hypoth-
esize that heightened hygiene measures—such as required
frequent handwashing and sanitizer use at work—may have
contributed to these observations [23]. Most workers at vari-
ous plants reported high usage of both soap and hand sanitizer
throughout their shifts. For instance, the detection of Gram-
negative bacteria exclusively among exposed workers, together
with the identification of A. fumigatus and A. nigri in samples
from WSP B, suggests an occupationally related influence on the
skin microbiota. In contrast, the predominance of Cladosporium
in control samples likely reflects background environmental ex-
posure, while the frequent presence of Penicillium across groups
may represent ubiquitous environmental contamination rather
than a specific occupational signal [15]. A further exploratory
study on dysbiosis and diversity of the skin microbiota in this
occupational setting is in preparation [24].

Our study reinforces that workers with atopic eczema are at
higher risk for HE [24] and that nicotine use is a risk factor for
HE [25]. It underscores the importance of focusing on these in-
dividuals when it comes to primary and secondary prevention
strategies to reduce the occurrence and severity of HE.

Interestingly, glove use did not significantly influence HE prev-
alence among waste workers, suggesting that reliance solely on
personal protective equipment may be insufficient. This high-
lights the need for technical and organisational interventions
that effectively reduce hazardous exposures, as these mea-
sures most likely have more impact than protective measures
alone [26].

We observed indications of a possible association between
skin microbial contamination and HE occurrence. Our data
showed a modest yet significant association between elevated
bacterial levels and recent HE, suggesting a potential role for
bacteria in skin health among workers. Skin colonisation with
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TABLE 5 | Model output skin barrier function (TEWL), 1-year prevalence of hand eczema, hand eczema during the past week, and dry hands
during the past week as response variables in association with bacterial and fungal CFU concentrations in personal skin-biota swabs across exposure

groups.
Hand eczema Dry hands
Hand eczema (past week) (past week) TEWL

Predictors OR 4] OR 4] OR P OR 4]
Intercept 0.47 0.17 0.05 0.00 0.76 0.61 45.32 0.00
Fungal CFU 1.00 0.37 1.00 0.42 1.00 0.86 0.00 0.22
Bacterial CFU 1.00 0.27 1.00 0.05 1.00 091 -0.00 0.01
Observations 30 29 29 8

Note: Statistically significant p values (= /< 0.05) in bold.

hours clean worktasks

hours unclean work tasks

TEWL

bacterial CFU (TSA)

bacterial CFU (RB)

fungal CFU

1 08 06 -04 02 0

02 04 06 08 1

FIGURE 2 | Correlation between time spent on clean and unclean work tasks and bacterial and fungal CFUs in skin swab samples. Upper right
corner colour coded Pearson correlation coefficients, lower left corner Benjamini Hochberg corrected p values. The strength of the correlation is in-

dicated in the colour gradient.

Staphylococcus aureus has been linked to both atopic hand ec-
zema and increased severity for HE [27], and individuals with
HE may develop a more dysbiotic skin bacterial community over
time [28]. Further research focused on microbial diversity and
community structure is ongoing to better understand the in-
volvement of bacteria in HE within this occupational group [29].
Notably, we observed a significant negative association between
the time spent on unclean work tasks and bacterial levels, which
might imply that certain contaminated tasks are associated with
decreased bacterial colonisation—possibly due to cleaning pro-
tocols, workload patterns, use of protective equipment or other
factors.

The lack of significant differences in TEWL measurements be-
tween waste and office workers is likely related to the limited num-
ber of observations. Future studies with larger sample sizes are
needed to clarify the potential usefulness of TEWL measurements
for assessing skin barrier function in this occupational setting.

4.1 | Limitations
Due to the cross-sectional design of this study, the findings are

exploratory and do not establish causal relationships. Reliance on
self-reported data may introduce bias; however, existing evidence
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suggests that self-reports of HE tend to underestimate rather than
overestimate the true prevalence [30-32]. Thus, any potential bias
is more likely to have led to the underestimation of the actual oc-
currence. Furthermore, self-reporting limited our ability to deter-
mine the aetiology of HE cases or to classify them morphologically.

The survey and sampling occurred during the COVID-19 pan-
demic, which prompted widespread hygiene measures—in-
cluding increased handwashing and sanitizer use—potentially
affecting skin health. Nevertheless, we do not expect these
pandemic-related behavioural changes to have differentially in-
fluenced waste workers compared to office workers.

4.2 | Implications and Relevance
The practical implications of this study include:

-Assessment of biological exposures: biological exposures
should be routinely evaluated in occupational dermatology re-
search and incorporated into primary prevention strategies,
alongside physical and chemical hazards. Our previous research
demonstrated significant associations between self-reported
skin exposure to biological agents and long-term sick leave in
the Norwegian working population [33]. The skin, as the body's
largest organ, plays a dynamic role—both interacting with and
defending against environmental and occupational mechani-
cal, physical, chemical, and biological exposures. Currently, the
Norwegian workforce employed in waste handling is around 11
024 workers, and the latest statistics showed that the number
of workers who are regularly exposed to biological material is
steadily growing [34]. Future studies should consider including
an additional control group when a potential healthy worker ef-
fect within the same occupational setting is suspected.

-Inclusive prevention strategies: Occupational groups with
minimal chemical or physical exposures—such as office work-
ers—should not be overlooked in prevention strategies. In our
study, these individuals also reported HE, possibly related to
pre-existing skin conditions or workplace accommodations
following earlier skin problems in either waste sorting plant
employment or potentially exposure in other occupations with
increased risk for HE.

4.3 | Conclusions

This study highlights that workers in the waste sorting industry
should be considered a risk group for HE. While this sector poses
substantial risks to skin health, the observed prevalence may
be underestimated because of a potential healthy worker effect.
Atopic eczema and nicotine use were predictors of HE, and bacte-
rial levels may play a role in the development of HE. Targeted in-
terventions are needed to reduce the burden of HE among waste
and office workers in the Norwegian waste sorting industry.
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