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Abstract

The current analysis is based on the six general population data sets from Belgium, France, Iceland, Israel,
Lithuania, and Spain. The study focused on cadmium, chromium, PAH and bisphenols. Relevant occupations,
in which exposure to these chemicals may occur were identified, the data was coded according to the
International Standard Classification of Occupations 2008 (ISCO-08), and statistical analyses were performed to
identify potential occupationally exposed group among these general population data sets.

The results suggested potential occupational exposure to bisphenol A among the occupational group consisting
mostly of cashiers and ticket clerks and other store employees. This is in accordance with the known exposure
of these workers to bisphenol A via thermal papers used in receipts. It needs to be noted, however, that the
number of samples in the relevant ISCO-08 group was rather low and therefore, the results should be
interpreted with caution.

The group “Cleaners and helpers in offices, hotels and other establishments” (ISCO-08 code 9112) showed
elevated exposure to cadmium. The reason for the higher urinary levels of cadmium among this group remains
unclear, but it is noted that this group may include also industrial cleaners exposed to cadmium in industrial
settings.

For other chemicals, it was not possible to identify occupationally exposed groups from the available data set.
The results of this study should be considered in future general population studies: especially the importance
of high enough sample size and ISCO-08 encoding with at least 4 digits is highlighted. There are several
possible confounding factors (e.g., smoking and diet) that may affect the results, especially when the size of
certain occupational groups is small. Attention should also be paid to the timing of sample collection. This type
of study design may work better with chemicals that have low background biomarker levels and low background
variation in biomarker levels due to environmental exposure. Of the substances evaluated in this study, it is
known that background levels of urinary cadmium, chromium, 1-hydroxypyrene and bisphenol A vary in the
population due to non-occupational reasons, such as geographical location and, e.g., diet.

The results presented in this deliverable represent the preliminary analysis. Analyses are planned to be
completed with additional data set from Portugal and the final results will be reported in a subsequent scientific
article.

Key Words

Human biomonitoring (HBM), biological samples, exposure biomarkers, data analysis, exposure assessment,
environmental exposure, occupational exposure, metals, BPA, BPA analogues.
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Acronyms

1-Pyr: 1-Hydroxypyrene, BPA: Bisphenol A, BPF: bisphenol F, BPS: Bisphenol S, Cr(VI): Hexavalent Chromium,
HBM: Human Biomonitoring, HBM4EU: European Human Biomonitoring Initiative, IARC: International Agency for
Research on Cancer, ISCO: International Standard Classification of Occupations, LOD: Limit of Detection, LOQ:
Limit of Quantification, OHBaP: Hydroxybenzolalpyrene, PAHs: Polycyclic Aromatic Hydrocarbons, PEH: Personal
Exposure and Health.

Glossary

Biomonitoring: Contfinuous or repeated measurement of potentially foxic substances or their metabolites in tissues,
secreta, excreta, expired air, or any combination of these to evaluate occupational or environmental exposure and
health risk by comparison with appropriate reference values based on knowledge of the probable relationship
between ambient exposure and resultant health effects (IUPAC 2024).

Exposure: Process by which a substance becomes available for absorption by the target population, organism,
organ, tissue or cell, by any route (IUPAC 2024).

Exposure biomarkers: Biomarker that relates exposure to a xenobiofic to the levels of the substance or its metabolite,
or of the product of an interaction between the substance and some target molecule or cell that can be measured
in a compartment within an organism (IUPAC 2024).

General population (biomonitoring) surveys: (Biomonitoring) surveys which are generally conducted using
representative sample of the general population.

HBMA4EU: The HBM4EU project was launched in 2016 with the aim of improving the collective understanding of
human exposure to hazardous chemicals and developing HBM as an exposure assessment method. The project had
€74m in funding and jointly implemented by 120 partners from 28 participating countries — 24 EU member states
plus Norway, Switzerland, Iceland and Israel and the European Environment Agency. One of its aims was to ensure
the sustainability of HBM in the EU beyond 2021. The project ended in June 2022 (https://www.hbm4eu.eu/).

ISCO-08: The International Standard Classification of Occupations 2008 (ISCO-08) is a four-level hierarchically
structured classification that covers all jobs in the world. Developed with the benefit of accumulated national and
international experience as well as the help of experts from many countries and agencies, ISCO-08 is fully supported
by the infernational community as an accepted standard for infernational labour statistics
(https://www.ilo.org/publications/international-standard-classification-occupations-2008-isco-08-structure).

PEH Data Platform: The Personal Exposure and Health (PEH) Data Platform was developed during the HBM4EU
project and currently hosts the data from the HBM4EU Aligned Studies and the MoM-study (methylmercury-control
in expectant mothers through suitable dietary advice for pregnancy). The platform will be expanded with new data
generated under PARC (https://hbm.vito.be/peh-data-platform).
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Introduction

Occupational exposure to some chemicals may be significantly higher than general population exposure. This is seen
as elevated exposure biomarkers levels when biomonitoring studies are performed. Adult general population surveys
may include individuals who are also occupationally exposed to specific chemicals like, for example, workers from
metal-based industries, construction workers exposed to different metals or organic compounds (like bisphenols,
phthalates or flame retardants), transport sector workers exposed to polycyclic aromatic hydrocarbons (PAHs),
cleaners and nurses exposed fo substances used in cleaning products and disinfectants, or e.g., cashiers exposed to
bisphenols via thermal papers.

If information on occupation is appropriately collected in general population biomonitoring studies, it might be
possible to extract information on the specific exposure of some common occupational groups and to analyze if it
differs from the exposure of the rest of the population and to identify the potential contribution of these exposures
to the general population levels. In addition, analysis of occupational information of most highly exposed individuals
may provide valuable indications on potential occupational exposures which merit further investigation.

Within previous project "European Human Biomonitoring Initiative" (HBM4EU), detailed questionnaires to collect
background information from the general population study participants were developed (Gonzalez-Alzaga et al.
2022). The basic questionnaire contained information on the occupation and substance specific questionnaires
included lists of occupational tasks where exposure may potentially occur according to the existing knowledge. Thus,
these aligned HBMA4EU studies which used HBM4EU questionnaires could include adequate information allowing
identification of some specific occupational groups. It is, however, unsure if the numbers of individuals within different
occupational groups are sufficient to identify potential occupational exposure. Even if numbers of individuals in
specific occupational groups might be low for a proper exposure assessment, the data may still provide indications
on potential occupational exposure when the higher end of the general population range is evaluated. In addition to
HBMA4EU aligned studies using HBM4EU questionnaires, also earlier general population studies include information
on the occupation of the participants and could be used for the evaluation of occupational exposures. Evaluation of
the general population data includes also the evaluation of the occupational groups most widely represented in these
data sefs.

Objective

The main objective of this project was to investigate if it is possible to identify occupationally exposed groups from
the general (adult) population studies. This was done for selected HBM4EU priority chemicals, which were cadmium,
chromium, PAHs and bisphenols.

The project was designed as a feasibility study with limited duration and resources. The main output is a review and
recommendations on the use of occupation-related information from general population studies:

. Is it possible to identify some occupational groups and their exposure from the general population data? How
much occupational exposure may contribute to explain the highest percentiles of exposure values in general
population surveys?

. How should information on occupations be analyzed in general population studies?

. Can analysis of population surveys be used to screen possible less well-known occupational exposures?



AD4.8 P-A-R-C HORIZON-HLTH-2021-ENVLTH-03 CONTRACT N. 101057014

In addition, the project aims to provide recommendations for future general population studies for the collection of
data relevant for the identification of occupational exposure from general population data.

Materials and methods

Selection of example chemicals

Cadmium, chromium, bisphenols (bisphenol A, F and S), PAHs (pyrene and benzolalpyrene) were selected for the
evaluation because they were priority chemicals in the HBM4EU study, The selected chemicals were analysed in the
HBMA4EU Aligned Studies, and they also have occupational relevance. A brief description of each chemicals follows.

Cadmium:

There are many sources of occupational exposure to cadmium (CAS No: 7440-43-9). Cadmium is a by-product of
the zinc and lead industries and is present in certain metal alloys. The manufacture of certain lead compounds, such
as lead oxide, can generate exposure to cadmium. Additionally, cadmium is extensively employed in the industry of
batteries manufacture such as cadmium/nickel and silver/zinc ones. Moreover, the paint industry also uses cadmium-
based pigments, and this metal and its derivatives are also utilized in the porcelain, surface treatment and plastics
industries.

Recognized as carcinogenic, mutagenic, and reprotoxic, cadmium causes kidney damage and bone fragility in
humans with prolonged chronic exposure.

Urinary cadmium, whatever the time of sampling, is the first indicator to be used in long-term risk management, as
it mainly reflects chronic exposure and body burden. There is a correlation between urinary cadmium levels, the
intensity of exposure and the risk of kidney damage, as assessed by the elevation of tubular damage markers.

Chromium:

Hexavalent chromium (Cr(VI) (CAS No: 18540-29-9) and its compounds (e.g. calcium chromate, potassium
chromate, sodium chromate, zinc chromate, chromic acid, chromium trioxide, and ammonium chromate) have been
used in many uses because of their properties related to hardness, durability and corrosion-resistance (NIOSH 2013;
den Braver-Sewrad;] et al. 2021). Although Cr(VI) has been earlier used in various products including various paint
and primer pigments, graphic art supplies, fungicides, corrosion inhibitors and wood preservatives (NIOSH, 2013), in
Europe restrictions and the recent authorization of Cr(VI) compounds have limited its use. Therefore, the main use of
Cr(VIl) compounds nowadays in EU is related to metal or plastic surface treatment activities. However, occupational
exposure to Cr(VI) occurs also in welding, stainless steel manufacturing and other types (hot) processes involving
stainless steel and other metal alloys that contain chromium. In these activities, Cr(VI) is formed during the process
from metallic chromium.

Industries where exposure occurs are the functional plating sector, steel, shipyards, construction, concrete industry
and shops for repair and painting of auto bodies, trucks, trains and airplanes. Occupational exposure to the highest
concentrations of Cr(VI) compounds can be experienced at electroplating, welding and painting industries (Santonen
et al. 2022). The workers manufacturing chromium compounds, ferrochromium, chromate or chromate pigments
are also exposed to Cr(Vl) (Langard, Costa 2015).



AD4.8 P-A-R-C HORIZON-HLTH-2021-ENVLTH-03 CONTRACT N. 101057014

Cr(VI) compounds related risks for human health range from skin irritation to DNA damage and cancer dependent
on exposure level and duration (Tumolo et al. 2020). Cr(VI) and its compounds is a known carcinogen that may
cause lung cancer in humans (IARC 2012). There is some evidence of a positive association between Cr(VI)
compounds and nose and nasal sinus cancer in humans (IARC 2012; den Braver-Sewradj et al. 2021). Other cancers
of the respiratory fract and the gastrointestinal tract can also be of concern (ECHA 2013; Deng et al. 2019).
Occupational exposure to Cr(VI) can cause asthma, allergic dermatitis. There is evidence of an association between
Cr(VI) compounds and effects on reproduction (low birth weight, low birth length) (Michael et al. 2022).

Chromium in urine is the primary and standard method for biomonitoring exposure to chromium (Santonen et al.
2022). However, urinary chromium analysis is not specific for Cr(VI) as exposure to the less toxic Cr(lll) can also affect
urinary chromium levels. A chromium test in plasma and red blood cells can be additionally performed (Paustenbach
et al. 1997). The red blood cell (RBC) chromium analysis has been suggested as a more specific method to indicate
exposure to Cr(VI), but it is not a commonly used method (Ndaw et al. 2022).

Bisphenols:

Bisphenols (A, S and F) are synthetic chemicals mainly used in the production of polycarbonates and epoxy resins.
These compounds are found in the electronic equipment industry, food packaging, thermal papers, paints and
varnishes. Occupational exposure has been observed in the manufacturing of plastics, epoxy resins, thermal papers,
paints and among cashiers (Bousoumah et al. 2021). Bisphenols S and F have been employed for several years as
alternatives to bisphenol A (BPA). EU has banned the use of bisphenol A in thermal papers used in cash receipts
since January 2020. Companies have often used bisphenol S (BPS) to replace BPA in thermal paper.

Bisphenol A is defined by the World Health Organization (WHO) as an endocrine disrupter (WHO/UNEP 2013),
“suspected reproductive toxicant” and classified as a “substance of very high concern of Very High Concern” by the
European Chemicals Agency (ECHA), and is suspected of being associated with numerous pathologies (diabetes,
obesity, cardiovascular, respiratory and kidney diseases, cancer). Data on bisphenols S and F are still lacking;
however, some studies show that they play an endocrine-disrupting role similar to BPA.

In the body, bisphenols are present in both free and conjugated form (the metabolized form of bisphenols that reflects
internal exposure). The measurement of total bisphenols in urine corresponds to the sum of the concentrations
conjugated and free bisphenols in the biological samples analyzed.

PAHSs:

PAHs is a large group of more than 100 chemicals formed during the incomplete burning of oil, gas, coal, garbage,
and other organic substances such as tobacco and charbroiled meat (CDC 2024).

Occupational exposure to PAHs is experienced through inhalation and dermal contact. Industries that involve the
combustion and pyrolysis of coal, the production and use of coal-derived products (coal tar and coal tar-derived
products) are the sources of exposure to PAHs at workplaces. Workers at coal-gasification sites, smokehouses, coal-
tarring facilities, waste incinerators, the plants producing coal-tar, coking, bitumen and aluminum, are exposed to
PAHs. Occupational exposure to PAHs occurs in industries, such as mining, oil refining, metalworking, chemical
production, transportation, and the electrical industry (Vanrooij et al. 1992).

Of the 60 PAHSs reviewed by the IARC experts, only one, benzolalpyrene, is classified as a human carcinogen (Group
1) that can cause lung cancer. Meanwhile, cyclopentalcdlpyrene, dibenzla,hlanthracene, and dibenzola,lpyrene,
which are classified as probably carcinogenic to humans (Group 2A), and benzl[Jaceanthrylene, benzlalanthracene,

10
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benzolblfluoranthene,  benzollfluoranthene,  benzolklfluoranthene,  benzolclphenanthrene,  chrysene,
dibenzola,hlpyrene, dibenzola,ilpyrene, indenoll,2,3-cdlpyrene, and 5-methylchrysene, which are classified as
possibly carcinogenic to humans (Group 2B) (IARC 2010). However, IARC has also classified several PAH mixtures
and occupations with PAH exposure for their carcinogenicity. These include Coal tar pitch, coal tars and soots,
Occupational exposures during coal gasification, Occupational exposures during coke production, Occupational
exposures during coal-tar distillation, Occupational exposure as a chimney sweep, Occupational exposures during
paving and roofing with coal-tar pitch and Occupational exposures during aluminium production, which have all
been classified to IARC group 1. Some additional mixtures or occupations have been classified to group 2A and 2B
(IARC 1985; IARC 2010; IARC 2013).

Long-term exposure to PAHs can affect pulmonary, gastrointestinal and renal systems, and the skin (ATSDR 2024).
There is evidence on the impact of PAHs on reproduction of males (the reduction of sperm quality (Kakavandi et al.
2023; Mohammadzadeh et al. 2024).

PAHs are compounds with two or more benzene rings whose hydroxylated metabolites (OH-PAHSs) are excreted in
urine (Yang et al. 2021). Therefore, the assessment of human exposure to PAHs is based on urinary OH-PAH
concentrations. PAHs metabolites in human urine can be used as biomarkers of internal dose to estimate recent
exposure to PAHSs (Strickland et al. 1996).

Study design

Study included the collection of existing general population data sets where the target chemicals (cadmium,
chromium, bisphenols and PAHs) were analyzed from urine samples. Urine is the most suitable matrix to study
occupational exposure to these chemicals. Also, blood cadmium was analysed in only one data set. However, we did
not use that data because blood cadmium is not a good biomarker for occupational cadmium exposure, as smoking
strongly influences the results. Other target chemicals were not analysed in blood samples. Only data sets concerning
adults were included (both women and men). Children and teenagers were excluded.

All data sets were coded according to the ‘International Standard Classification of Occupations (ISCO-08) for
classification of occupations. Those occupations where potential occupational exposure to target chemicals is
expected to take place were recognized. Thereafter the experimental data of those occupations were combined for
each target chemical and compared to the data of the rest of the general population.

Descriptive statistics were calculated for each group of occupations and the rest of the general population. Statistical
tests were applied to analyze if there was any statistical difference between the potentially occupationally exposed
and the rest of the general population.

The illustration of the study process is given in Figure 1.

11
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1. Selection of Studies
(Cadmium, PAHs, Bisphenols)

4

2. Initial Survey via Webropol
(13 Positive Responses)

3. Additional Questionnaire
Sent to Contact Persons

4. Data-Sharing Discussions
(10 Studies)

4

5. Agreement on Data Upload
(via PEH Data Platform)

6. Final Selection
(7 Studies for Data Presentation)

Figure 1. Process description (flow chart).

|dentification of the applicable data sets and data sharing

Potential biomonitoring studies investigating cadmium, PAHs and bisphenols were selected from the Information
Platform for Chemical Monitoring (IPCHEM, https://ipchem.jrc.ec.europa.eu/). Urinary chromium was added at a
later stage. An international Webropol Survey and Reporting platform (https://webropol.com/) was applied to send
a questionnaire link via e-mail o 45 contact persons of the studies from 32 institutes (Appendix 1). The survey also

asked whether other metals were analyzed in the study in question. The survey received positive responses from 13
12
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institutes (this is 41% of the institutes to which the invitation was sent). At this point, two studies were excluded (one
with non-occupationally exposed participants only, the other with 24-year-old students only). An additional
questionnaire was sent to the contact persons of other studies (Appendix 2). At this stage, one study was excluded
because the study did not have information on the occupation of the participants. With the remaining 10 studies,
further discussions about data sharing were initiated.

The research group decided that information sharing will be handled through the Personal Exposure and Health
(PEH) Data Platform (https://hbm.vito.be/peh-data-platform) hosted by VITO, Belgium. Of the ten data sets, four had
already been uploaded to the PEH Data Platform. Only some additional information still needed to be completed to
the uploaded data sets (e.g., urine chromium results and ISCO-08 codes). The contact persons of the other studies
agreed to upload the data of their studies to the PEH Data Platform, except for one study. For the study in question,
an agreement was made on bilateral data transfer.

Uploading research data to the PEH Data Platform was a slow process and along the way it became apparent that
the people responsible for two studies unfortunately did not have time to upload their data to the data platform. At
this stage, it also became apparent that in the case of one study, there was no possibility to share the data of individual
subjects (aggregated data only). Thus, these three studies were excluded. The remaining seven studies are presented
in the following section.

Description of selected data sets

Table 1 presents the seven data sets included in this study. Six of them were from the PEH Data Platform and the
remaining one was delivered via bilateral data transfer (HBM-LT).

Table 1. Selected final data sets.

Study name Country | Sample Chemicals analyzed

collection

year(s)

Cd Cr Bisphenol(s) | PAH(s)

BIOAMBIENT.ES Spain 2009—2010 X X
DIET_HBM Island 2019—2021 X X
ESTEBAN France 2014—2016 X X X
HBM-LT Lithuania | 2020—2021 X
HBMWall_Adults Belgium 2019—2020 X X X X
IBS Israel 201 X X
INSEF-ExpoQuim* Portugal | 2019—2022 X X X

*Unfortunately, this study was not ready for download from the PEH Data Platform before the statistical analyses of
this report were completed.

Study descriptions

BIOAMBIENT.ES is a nationwide cross-sectional study, with a stratified cluster sampling designed to cover all
geographical areas, sex and occupational sectors, and aimed to obtain a representative sample of the Spanish
workforce. Participants were recruited among people residing in Spain for at least five years, which underwent their
annual occupational medical check-up in the health facilities of the Societies for Prevention of IBERMUTUAMUR,

13
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MUTUALIA, MCPREVENCION, MUGATRA, UNIMAT PREVENCION, and PREVIMAC between March 2009 and July
2010.

A total of 1,892 participants fulfilled the inclusion criteria, provided biological samples (1,880 blood, 1,770 urine, and
577 hair), and completed a brief self-administered epidemiological questionnaire on environmental and lifestyle
exposures. Additionally, clinical information from participant’s health exams was obtained. The list of biomarkers
analyzed is available in Pérez-Gomez et al. (Pérez-Gomez et al. 2013). This project will provide a first overview of the
body burden of selected pollutants in a representative sample of the Spanish-occupied population. This information
will be useful to establish reference values of the studied population and, eventually, to evaluate temporal frends and
the effectiveness of environmental and health policies.

DIET_HBM study: The samples are from the Icelandic National Dietary Survey conducted in 2019—2021. 200
participants from all over the country were contacted for dietary assessment and biomonitoring.

The dietary assessment consisted of two 24-h dietary recalls and a short food frequency questionnaire (FFQ) for
common food groups. The two 24-h recalls were conducted via phone calls by trained interviewers on two non-
consecutive days covering both weekdays and weekends. This sampling design delivers a more detailed information
on all food, beverages and dietary supplements consumed on a given day by respondents compared to using a FFQ
(EFSA 20089). Participants also answered several questions encompassing demographic details, lifestyle, and health-
related factors. In addition, during the telephone interview, information on sociodemographic characteristics,
education, lifestyle and health was recorded.

Urine, blood and serum were collected. Bisphenols, PAH and Cadmium were analyzed in the urine samples
according to HBM4EU protocol. Later analysis of Acrylamide, Mycotoxin and Pesticides was added.

Esteban is a cross-sectional study of the general population living in mainland France aged between 6 and 74 years
old. It was conducted between April 2014 and March 2016. In total, 2503 adults (18—74 years old) and 1104 children
(6—17 years old) were included during four different periods, to take seasonal exposure variation into account.

The study collected data on health, nutrition, exposure to chemicals, and socio-demographic characteristics with the
aid of two inferview-based questionnaires, four self-administered questionnaires, a 24h dietary recall, and analysis
of fasting biological samples (blood, urine, and hair). To ensure relevance of the results, participants were instructed
not to consume fish or shellfish in the three days preceding the examination, and not to smoke in the preceding two
hours of sampling collection. Urine samples were collected by participants upon waking (i.e., first morning urine).

The list of biomarkers analyzed is available in detail elsewhere (Fillol et al. 2014).

As the required volume of urine was not available for all Esteban participants, and because of the cost of performing
the analyses, not all substances were measured for all the participants. Subsamples of participants were randomly
drawn in order to analyze a series of biomarkers in their biological matrices.

HBM-LT is a cross-sectional survey of adults randomly selected in the five largest cities of Lithuania (Vilnius, Kaunas,
Klaipéda, Siauliai and Alytus) and their surrounding districts in 2020—2021. The study included 225 adults (101 men
and 124 women) aged 18 and over.

All individuals were interviewed by trained interviewers used a structured questionnaire to obtain information on
demographic and socioeconomic characteristics, medical history, and lifestyle characteristics (diet, smoking, alcohol
use and physical activity).

Cadmium in urine was measured by ICP-MS. Urinary cadmium concentration was adjusted by urinary creatinine.

14



AD4.8 P-A-R-C HORIZON-HLTH-2021-ENVLTH-03 CONTRACT N. 101057014

Since 2019, the Walloon Government decided fo set up an extended human biomonitoring program, named BMH-
Wal. BMH-Wal program aims to assess and monitor exposure of the Walloon population, Southern part of Belgium,
to hazardous chemicals such as pesticides, endocrine disruptors, trace metals, and to get reference values. The st
phase, BMH-Wall, was conducted between 2019 and 2020 and focused on young adults (20 - 39 years old). A total
of 261 young adults were included in the study.

The study collected data on health, nutrition, exposure to chemicals, and socio-demographic characteristics with the
aid of a self-administered questionnaires, 24h and 72h dietary recalls, and analysis of biological samples (blood and
urine). Urine samples were collected by participants upon waking (i.e., first morning urine). The list of biomarkers
measured in the different biological matrices is available in detail in the study report (BMH-Wal 2024).

IBS was a cross-sectional study of the general population living in Israel aged between 20 and 73 years old. It was
conducted between February and June 20T11. In total, 250 adults were included. The study collected data on health,
nutrition, exposure to chemicals, and socio-demographic characteristics with the aid of a 24-hour dietary recall, an
adapted food frequency questionnaire, a demographic questionnaire and a health/lifestyle questionnaire which
included questions on occupation. Participants were not targeted for specific exposure scenarios (suspected
geographic hotspots or occupation). Spot urine samples were collected at the time of interview. The list of biomarkers
analyzed included bisphenol A (BPA), organophosphate (OP) pesticide metabolites, phthalate metabolites, cotinine,
and polycyclic aromatic hydrocarbons (PAHs). More information on the study is available in detail (Berman et al.
2013). Findings predictors of BPA exposure (Berman et al. 2014) and PAHs (Levine et al. 2015) are available.

INSEF-ExpoQuim study from Portugal failed to meet the deadline for uploading of ISCO-coded results to the PEH
Data Platform and was not included in the current stafistical analyses. It can be, however, included for further
analyses performed for future scientific publication.

Selection of relevant ISCO-08 codes

In most general population studies, the occupational activity is only described by a job title in the language of the
concerned country. Nevertheless, in order fo take info account the influence of the occupational activity on exposure,
it was necessary to harmonize and classify them according to a single classification system. The classification system
International Standard Classification of Occupations (ISCO-08) was chosen.

Occupational activities involving the use or production of each compound of interest were listed, based on the
literature and knowledge of potential occupational exposure. The corresponding ISCO-08 codes were subsequently
manually extracted from the ICSO-08 exhaustive list (https://ilostat.ilo.org/methods/concepts-and-
definitions/classification-occupation/). ISCO-08 codes were selected with a 4-digit precision level.

A list of relevant ISCO-08 codes was established individually for cadmium, chromium, bisphenols and PAHSs
(Appendix 3). The list was transferred to data owners in order to allow them to code their data sets accordingly. As it
was a fime-consuming procedure, the decision was taken to code only the occupational activities from the selected
ISCO-08 code list (preferably with 4-digits). Nevertheless, many of the data sets were almost fully coded.

Data analysis

First, descriptive statistics were calculated separately for each ISCO-08 class and after this divided into three groups
by whether the people whose work is defined into specific ISCO-08 codes are considered to be in particular risk of
15
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work-based exposure to a specific chemical. These descriptive statistics were numbers of observations, arithmetic
and geometric means, minima, maxima and medians as well as the 10th, 25th, 75th, 90th and 95th percentiles of
the observed data distributions. After this, non-parametric tests were applied to test differences between the
locations of the distributions between work-based exposure classes as well as smoking. In two-class tests, Mann—
Whitney U and Brunner—Munzel tests were used. The Brunner—Munzel test is more accurate than Mann—Whitney
test when n is small (as is often the case in this study). A one-tailed test, which specifically tests whether group one
had larger results than group 2, was chosen because there was an emphasis on whether higher results could be
observed in individuals for whom exposure could be work-based. P-values of <0.05 were considered statistically
significant.

Test statistical results also include effect size. If differences are being tested between groups 1and 2, the effect size
is calculated as follows: we observe all combinations of an observation from group 1and an observation from group
2. Then the effect size is the ratio of these pairs where the observation from group 1is larger than the observation
from group 2 plus half the ratio of pairs where the values of the observations in groups 1and 2 are equal. Thus, this
measure represents on a scale of [0,1] the relative number of observations where the observations from group 1are
higher than those of group 2. Both values close to zero and values close to one should be interpreted as the effect
size of difference between the two groups being high whereas values around 0.5 imply low effect size.

Statistical software used: RStudio 2023.03.1+446 "Cherry Blossom" Release
(6e3lffc3ef2alf81d377eeccab71ddclicfbd2%e, 2023-05-09) for Windows. Mozilla/5.0 (Windows NT 10.0; Win64;
x64) AppleWebKit/537.36 (KHTML, like Gecko) RStudio/2023.03.1+446 Chrome/108.0.56359.179 Electron/22.0.3
Safari/537.36.

Regarding the data obtained from the PEH Data Platform, values below the limit of detection (LOD) or limit of
quantification (LOQ) or between LOD and LOQ are imputed using a random single imputation using a censored log-
normal distribution. The distribution based random single imputation technique is performed as follows: (i) Assume
the data is log-normally distributed and left-censored. (ii) Use maximum likelihood estimation (MLE) to fit a log-normal
distribution to the censored data. (iii) For each censored data point, sample a value from the fitted log-normal
distribution. Sampling will be done in a range that is determined by a lower and upper bound (Hassen et al. 2024).

Results

The database obtained from the PEH Data Platform contains data for 5192 samples. Of these, 1892 samples were
whole blood samples, the rest being urine samples (either first-morning-voids or random spot samples). As explained
above, in this study we only considered urine samples. Not all the urine samples were analyzed for all chemicals of
interest in this study (namely cadmium, chromium, bisphenols, and PAH metabolites) due to budget constraint issues.
The bisphenols considered were bisphenol A (BPA), bisphenol F (BPF), and bisphenol S (BPS). Biomarkers of PAH
exposure were 1-hydroxypyrene (1-Pyr; metabolite of pyrene) and hydroxybenzolal pyrene (OHBaP; metabolite of
benzolalpyrene). Urinary bisphenol concentrations were total concentrations (i.e., free + conjugated). Total number
of urinary results in each study are listed in Table 2.

Table 2. Total number of urinary results in each study.

Chemical/Study | BIOAMBIENT.ES | DIET_HBM | ESTEBAN | HBM-LT | HBMWall_adults [ IBS | Sum |
16




AD4.8 P-A-R-C HORIZON-HLTH-2021-ENVLTH-03 CONTRACT N. 101057014

Cadmium 1848 203 393 243 259 0 2946
Chromium 0 0 442 0 259 0 701
BPA 0 203 163 0 259 247 872
BPF 0 203 163 0 259 0 625
BPS 0 203 163 0 259 0 625
1-Pyr 991 203 201 0 259 243 1897
OHBaP 0 203 201 0 0 0 404

The database contains ISCO-08 codes either with 2, 3 or 4 digits (sometimes several codes were given but we only
considered the highest (with more digits) ISCO-08 available). ISCO-08 codes were not given for all the samples. In
this study we only included those urine samples which had both the ISCO-08 code (either with 2, 3, or 4 digits) and
a creatinine adjusted analytical result. Table 3 shows the number of urinary results in each study where the ISCO-08
code is given. It needs to be noted that some of the studies included in this report were only coded for those
occupations which were identified relevant for potential occupational exposure (see the list in Appendix 3).

Table 3. The number of urinary results in different studies. Only results with the ISCO-08 code are included.

Chemical/Study | BIOAMBIENT.ES | DIET_HBM | ESTEBAN | HBM-LT | HBMWall_adults | IBS
Cadmium 1596 47 386 243 201 0
Chromium 0 0 435 0 201 0
BPA 0 47 160 0 201 23
BPF 0 4] 160 0 201 0
BPS 0 47 160 0 201 0
1-Pyr 861 4] 196 0 201 24
OHBaP 0 4] 196 0 0 0

Table 4 presents the total number of urine samples for each chemical studied. As mentioned, only those samples
were counted for which both the ISCO-08 codes and the creatinine adjusted results were available. Also, the number
of samples below the LOQ are given in the table.

Table 4. The total number of urinary results for each chemical and the number of results below the LOQ. Only
those urinary results where ISCO-08 code was available.

Cd Cr BPA BPF BPS 1-Pyr OHBaP
Total N 2467 636 425 402 402 1323 237
N <LOQ 70 21 71 141 127 290 235
% <LOQ 2.8 33.2 16.7 35.1 31.6 21.9 99.2

LOQ; limit of quantification.

Regarding hydroxybenzolalpyrene (OHBaP), the results of all but two samples were below the LOQ. This means that
urinary OHBaP results were not further considered in this study.
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The database contains 316 different ISCO-08 codes for which there are analytical results. The most common ISCO-
08 codes were 4110 (General Office Clerks; 268 samples), 5419 (Protective Services Workers Not Elsewhere
Classified; 90 samples), 9112 (Cleaners and Helpers in Offices, Hotels and Other Establishments; 78 samples), 2221
(Nursing Professionals; 59 samples), and 7231 (Motor Vehicle Mechanics and Repairers; 55 samples). 50 ISCO-08
codes with the most samples are listed in Appendix 4. It needs to be noted that different occupations were not
randomly or similarly distributed between different studies. For example, the majority of ISCO-08 group 9112
(Cleaners and Helpers in Offices, Hotels and Other Establishments) came from the BIOAMBIENT.ES study. This may
be due to the targeting of the original study and special characteristics of the regional/local business life.

As described above, we selected relevant occupations (ISCO-08 codes) for each chemical regarding potential
occupational exposure (see Appendix 3). The same relevant ISCO-08 codes were selected for all three bisphenols,
and also for both PAH biomarkers. The highest number of samples for selected relevant ISCO-08 codes are given
in Table 5. A full list of samples for each relevant ISCO-08 code is shown in Appendix 5.

Table 5. Highest number of samples (N) for selected relevant ISCO-08 codes (minimum 5 samples). A full list of
relevant ISCO-08 codes and number of samples is available in Appendix 5.

Cadmium

ISCO-08 N Occupations

on2 77 Cleaners and Helpers in Offices, Hotels and Other Establishments
7231 55 Motor Vehicle Mechanics and Repairers

3322 39 Commercial Sales Representatives

2133 33 Environmental Protection Professionals

7123 29 Plasterers

1219 22 Business Services and Administration Managers Not Elsewhere Classified
7119 20 Building Frame and Related Trades Workers Not Elsewhere Classified
6113 19 Gardeners, Horticultural and Nursery Growers

7126 18 Plumbers and Pipe Fitters

7131 16 Painters and Related Workers

Q21 16 Crop Farm Labourers

8189 15 Stationary Plant and Machine Operators Not Elsewhere Classified
3141 14 Life Science Technicians (excluding Medical)

3123 13 Construction Supervisors

8332 13 Heavy Truck and Lorry Drivers

7223 12 Metal Working Machine Tool Setters and Operators

7421 12 Electronics Mechanics and Servicers

8131 12 Chemical Products Plant and Machine Operators

2113 11 Chemists

2131 10 Biologists, Botanists, Zoologists and Related Professionals

7212 10 Welders and Flame Cutters

6114 8 Mixed Crop Growers
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8122 8 Metal Finishing, Plating and Coating Machine Operators
2151 6 Electrical Engineers

3112 5 Civil Engineering Technicians

3139 5 Process Control Technicians Not Elsewhere Classified
5153 5 Building Caretakers

8111 5 Miners and Quarriers

Chromium

ISCO-08 N Occupations

2133 31 Environmental Protection Professionals

2330 24 Secondary Education Teachers

3141 7 Life Science Technicians (excluding Medical)

9333 6 Freight Handlers

on2 5 Cleaners and Helpers in Offices, Hotels and Other Establishments
Bisphenols

ISCO-08 N Occupations

5230 15 Cashiers and Ticket Clerks

Pyrene

ISCO-08 N Occupations

2133 32 Environmental Protection Professionals

713 25 Stonemasons, Stone Cutters, Splitters and Carvers

7411 25 Building and Related Electricians

on2 23 Cleaners and Helpers in Offices, Hotels and Other Establishments
7231 22 Motor Vehicle Mechanics and Repairers

3322 21 Commercial Sales Representatives

9333 19 Freight Handlers

7123 14 Plasterers

ne 13 Building Frame and Related Trades Workers Not Elsewhere Classified
8219 13 Assemblers Not Elsewhere Classified

3141 12 Life Science Technicians (excluding Medical)

Q313 9 Building Construction Labourers

7421 8 Electronics Mechanics and Servicers

3123 7 Construction Supervisors

7115 6 Carpenters and Joiners

7126 6 Plumbers and Pipe Fitters

8122 6 Metal Finishing, Plating and Coating Machine Operators
2151 5 Electrical Engineers

7212 5 Welders and Flame Cutters

7223 5 Metal Working Machine Tool Setters and Operators
8332 5 Heavy Truck and Lorry Drivers
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Benzo[a]pyrene
ISCO-08 N Occupations
2151 5 Electrical Engineers

Data was divided into the following groups: all observations, relevant ISCO-08 codes, semi-relevant ISCO-08 codes,
and non-relevant ISCO-08 codes. Description of these groups are given in Table 6.

Table 6. Description of the selected data groups.

Group Description

All observations Includes all samples for which there was both the ISCO-08 code and the creatinine
adjusted analytical result.

Relevant ISCO-08 Results of those samples, which have a relevant ISCO-08 code with 4-digits (see
Appendix 3).

Semi-relevant ISCO-08 Results of those samples, which have a relevant ISCO-08 code but with 2 or 3 digits.
2- or 3-digit codes are not specific enough to indicate potential occupational
exposure. It is, however, possible that this group included some occupations where
occupational exposure may take place.

Non-relevant ISCO-08 Results of all other samples except those of the relevant and semi-relevant ISCO-08
codes.

Table 7 shows the distribution of semi-relevant ISCO-08 code samples among six different studies.

Table 7. Distribution of semi-relevant ISCO-08 samples among different studies.

Study name Cadmium Chromium BPA BPF BPS 1-Pyr
N (%*) N (%*) N (%*) N (%*) N (%*) N (%*)
Al 132 19 16 1 1 110
BIOAMBIENT.ES | 58 (44) - - - - 38 (35)
DIET_HBM 0 (0) - 0 (0) 0 (0) 0 (0) 0 (0)
ESTEBAN 67 (51) 119 (100) 11 (69) 11(100) 11 (100) 48 (44)
HBM-LT 7(5) - - - - -
HBMWall_Adults | O (O) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
IBS - - 5 (31) - - 24 (22)

*Percentage of all semi-relevant ISCO-08 samples for the given biomarker.

The descriptive statistics of all results of relevant ISCO-08 4-digit codes for each chemical are given in Table 8. Table
8 also includes the descriptive statistics of all samples (named all observations), those of semi-relevant ISCO-08
codes and those samples of which ISCO-08 codes are not relevant for the given chemical (hamed non-relevant
ISCO-08). Percentiles lower than P50 are not given because for many chemicals they were below the LOQ (see
Table 3).

20



AD4.8

P-A-R-C HORIZON-HLTH-2021-ENVLTH-03 CONTRACT N. 101057014

Table 8. Descriptive statistics of the data of all observations, relevant ISCO-08 codes, semi-relevant ISCO-08

codes, and non-relevant ISCO-08 codes. Results are given in unit of pg/g creatinine.

Cadmium

Group N GM Median P75 P90 P95 Max

All 2467 0.209 0.220 0.379 0.619 0.863 12.616
observations

Relevant 575 0.200 0.206 0.366 0.572 0.723 2.759

ISCO-08

Semi-relevant | 132 0.236 0.257 0.436 0.621 0.741 1.862

ISCO-08

Non-relevant | 1760 0.210 0.222 0.379 0.642 0.897 12.616
ISCO-08

Chromium

Group N GM Median P75 P90 P95 Max

All 636 0.160 0.374 0.778 1.369 2.007 12.226
observations

Relevant 131 0.047 0.040 0.400 0.792 1.004 5272

ISCO-08

Semi-relevant | 119 0.606 0.606 1.022 1.755 2.238 5.993
ISCO-08

Non-relevant | 386 0.161 0.375 0.792 1.396 2.140 12.226
ISCO-08

Bisphenol A

Group N GM Median P75 P90 P95 Max

All 425 1.181 1.289 2.535 5169 0.274 91.716
observations

Relevant 21 1.635 1.825 2.764 3.212 3.270 5.336
ISCO-08

Semi-relevant | 16 1.945 2.231 2.636 4.886 7.030 9.418

ISCO-08

Non-relevant | 388 1.137 1.232 2.478 5.274 9.418 91.716
ISCO-08

Bisphenol F

Group N GM Median P75 P90 P95 Max

All 402 0.137 0.182 0.382 0.847 1.067 9.624
observations

Relevant 21 0.141 0.235 0.698 1.337 1.371 2.576

ISCO-08

Semi-relevant | 11 0.276 0.281 0.420 0.500 1.073 1.646

ISCO-08

Non-relevant | 370 0.134 0.178 0.368 0.816 1.030 9.624
ISCO-08

Bisphenol S

Group N GM Median P75 P90 P95 Max

All 402 0.196 0.220 0.578 1.575 2.618 324.981
observations

Relevant 21 0.057 0.162 0.273 0.885 1.243 1.557

ISCO-08
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Semi-relevant | 11 0.302 0.300 0.347 0.637 4.948 9.259
ISCO-08

Non-relevant | 370 0.208 0.221 0.590 1.803 2.690 324.981
ISCO-08

1-Pyr

Group N GM Median P75 P90 P95 Max

All 1323 0.108 0.121 0.235 0.422 0.655 4.446
observations

Relevant 339 0.113 0.124 0.260 0.452 0.671 2.806
ISCO-08

Semi-relevant | 110 0.128 0.128 0.210 0.373 0.639 4.446
ISCO-08

Non-relevant | 874 0.105 0.120 0.232 0.422 0.643 3.729
ISCO-08

GM, geometric mean; P75, 75th percentile; PO, 90th percentile; P95, 95th percentile.

Regarding median concentrations, only for BPA and BPF the medians are clearly higher for the group of relevant
ISCO-08 codes when compared to the respective medians of non-relevant ISCO-08 codes.

Table 9 presents statistical comparison of different groups. A one-tailed test, which specifically tests whether group
one had larger results than group 2, was chosen because there was an emphasis on whether higher results could
be observed in individuals for whom exposure could be work-based.

Table 9. Statistical comparison of the results of relevant ISCO-08 codes, semi-relevant ISCO-08 codes, and non-
relevant ISCO-08 codes. One-tailed test results are shown. P-values <0.05 are bolded.

(N=119)

(N=386)

Cadmium Mann—Whitney Brunner—Munzel
Group 1 Group 2 Effect size P-value | P-value

Relevant ISCO-08 Non-relevant ISCO-08 0.487 0.834 0.836

(N=575) (N=1760)

Relevant ISCO-08 Semi-relevant ISCO-08 0.446 0.973 0.971

(N=575) (N=132)

Semi-relevant ISCO-08 | Non-relevant ISCO-08 0.541 0.059 0.060

(N=132) (N=1760)

Chromium Mann—Whitney Brunner—Munzel
Group 1 Group 2 Effect size P-value | P-value

Relevant ISCO-08 Non-relevant ISCO-08 0.341 0.999 0.999

(N=131) (N=386)

Relevant ISCO-08 Semi-relevant ISCO-08 0.168 1.000 1.000

(N=131) (N=119)

Semi-relevant ISCO-08 | Non-relevant ISCO-08 0.664 <0.001 | <0.001

BPA

Mann—Whitney

Brunner—Munzel
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Group 1 Group 2 Effect size P-value | P-value
Relevant ISCO-08 Non-relevant ISCO-08 0.608 0.048 | 0.019
(N=21) (N=388)

Relevant ISCO-08 Semi-relevant ISCO-08 0.494 0.530 0.523
(N=21) (N=16)

Semi-relevant ISCO-08 | Non-relevant ISCO-08 0.636 0.033 0.010
(N=16) (N=388)

BPF Mann—Whitney Brunner—Munzel
Group 1 Group 2 Effect size P-value | P-value
Relevant ISCO-08 Non-relevant ISCO-08 0.536 0.291 0.332
(N=21) (N=370)

Relevant ISCO-08 Semi-relevant ISCO-08 0.450 0.680 0.682
(N=21) (N=11)

Semi-relevant ISCO-08 | Non-relevant ISCO-08 0.631 0.069 0.030
(N=11) (N=370)

BPS Mann—Whitney Brunner—Munzel
Group 1 Group 2 Effect size P-value | P-value
Relevant ISCO-08 Non-relevant ISCO-08 0.378 0.970 0.948
(N=21) (N=370)

Relevant ISCO-08 Semi-relevant ISCO-08 0.346 0.922 0.936
(N=21) (N=11)

Semi-relevant ISCO-08 | Non-relevant ISCO-08 0.540 0.318 0.273
(N=11) (N=370)

1-Pyr Mann—Whitney Brunner—Munzel
Group 1 Group 2 Effect size P-value | P-value
Relevant ISCO-08 Non-relevant ISCO-08 0.510 0.289 0.290
(N=339) (N=874)

Relevant ISCO-08 Semi-relevant ISCO-08 0.484 0.691 0.701
(N=339) (N=110)

Semi-relevant ISCO-08 | Non-relevant ISCO-08 0.525 0.196 0.175
(N=110) (N=874)

Basically, the only case when relevant ISCO-08 results were significantly higher than the results of non-relevant
ISCO-08 results is for BPA (p-values 0.048 and 0.019 for the Mann—Whitney and Brunner—Munzel tests,
respectively). It should be noted, however, that the number of relevant ISCO-08 for BPA was 21, which was rather
low number for a statistical comparison (the respective number of non-relevant ISCO-08 samples was 388). Most of
the relevant ISCO-08 code samples for BPA were from cashiers and ticket clerks (see Appendix 5). Interestingly, also
the BPA results of semi-relevant ISCO-08 group were significantly higher than the results of non-relevant ISCO-08
group (p-values 0.033 and 0.010 for the Mann—Whitney and Brunner—Munzel tests, respectively). However, the
results of relevant ISCO-08 were not higher than the results of semi relevant ISCO-08. This result may indicate that
semi-relevant ISCO-group also included potentially occupationally exposed.

We grouped relevant ISCO-08 and semi-relevant ISCO-08 (N=37) and tested if this combined group had higher
results than the non-relevant ISCO-08 group. The resulted p-values were 0.008 (effect size 0.620; Mann—Whitney)
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and 0.001 (Brunner—Munzel). Accordingly, the combined group had significantly higher values than the non-
relevant ISCO-08 group. However, it should be noted that the concentration levels of BPA were still quite low when
considering the P95 and maximum levels (see Table 8).

For cadmium, chromium, BPF, BPS, and 1-Pyr, the results of relevant ISCO-08 were not higher than the respective
results of non-relevant ISCO-08 group. On the other hand, the chromium results of the semi-relevant ISCO-08
group were significantly higher than the results of the non-relevant ISCO-08 group. When combining relevant ISCO-
08 and semi-relevant ISCO-08 and testing against the non-relevant ISCO-08 group, the resulted p-values did not
indicate higher results of the combined group (i.e., p>0.05).

Analysis of the highest exposures among the “non-relevant ISCO-08"
group

It is also of interest to see if the group of non-relevant ISCO-08 could contain potentially occupationally exposed,
i.e., to check if we have missed some relevant ISCO-08 codes. The list of those ISCO-08 codes of which the urinary
concentration exceeded the P95 value of the non-relevant ISCO-08 group are listed in Appendix 6. As can be seen,
the resulted ISCO-08 codes were quite scattered between the different occupations. Only few ISCO-08 codes were
identified where occupational exposure could be clearly considered to explain the elevated levels observed for the
given chemical. This suggests that the identification of relevant ISCO-08 codes that was made in the project was
rather comprehensive. However, among these highest 5 percentile results, there were three subjects representing
following occupations (1 subject/ISCO-08 code): Cooks (ISCO-08 5120), Stationary Plant and Machine Operators
Not Elsewhere Classified (ISCO-08 8189), Locomotive Engine Drivers (ISCO-08 8311). It may be that also in these
occupations occupational exposure to PAHs (pyrene) may have occurred. Since these were representing on total of
three subjects, they do not have significant effect on the results of the statistical analyses.

Effect of smoking

Smoking is known to affect the urinary levels of cadmium and 1-hydroxypyrene in urine. Table 10 shows the
descriptive statistics of urinary cadmium for all results, the results of smokers and non-smokers.

Table 10. Descriptive statistics of urinary cadmium regarding all results, the results of smokers and non-smokers.
Results are given in unit of pg/g creatinine.

All results

Group N GM Median P75 P90 P95 Max
All 2467 0.209 0.220 0.379 0.619 0.863 12.616
observations

Relevant 575 0.200 0.206 0.366 0.572 0.723 2.759
ISCO-08

Semi-relevant | 132 0.236 0.257 0.436 0.621 0.741 1.862
ISCO-08
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Non-relevant | 1760 0.210 0.222 0.379 0.642 0.897 12.616
ISCO-08

Smokers

Group N GM Median P75 P90 P95 Max
All 778 0.260 0.256 0.456 0.728 1.072 8.059
observations

Relevant 21 0.261 0.272 0.467 0.655 0.865 2.759
ISCO-08

Semi-relevant | 22 0.307 0.319 0.490 0.706 0.965 1.225
ISCO-08

Non-relevant | 545 0.258 0.250 0.443 0.773 1157 8.059
ISCO-08

Non-smokers

Group N GM Median P75 P90 P95 Max
All 1679 0.189 0.205 0.341 0.541 0.759 12.616
observations

Relevant 364 0171 0.190 0.304 0.500 0.612 2.467
ISCO-08

Semi-relevant | 109 0.223 0.246 0.416 0.540 0.725 1.862
ISCO-08

Non-relevant | 1206 0.192 0.206 0.353 0.571 0.821 12.616
ISCO-08

GM, geometric mean; P75, 75th percentile; P90, 90th percentile; P95, 95th percentile.

Regarding median concentrations of smokers and non-smokers, the former had _

wa - - ISCO-
non- Table 11 -
Table 11 urinary - One-
P-values
Mann—Whitney Brunner—Munzel
Group 1 Group 2 Effect size - P-value
Relevant ISCO- Relevant ISCO- O. <0.001 | <0.001
Semi-relevant ISCO- Semi-relevant ISCO- 0.0
non-
Non-relevant ISCO- Non-relevant ISCO- 0.416 <0.001 | <0.001
non-
Relevant ISCO- Non-relevant ISCO- 0.5
Relevant ISCO- Semi- - 5

Semi- -

Non-relevant ISCO-
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