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SysDEA: Systematische Untersuchung dermaler 
Exposition von Gefahrstoffen am Arbeitsplatz 
 
Kurzreferat 
 
Das Vorgehen zur Messung dermaler Exposition von Chemikalien am Arbeitsplatz ist 
nicht vereinheitlicht. Dafür fehlten bisher ausreichende wissenschaftliche 
Untersuchungen, die durch systematische Messungen mit unterschiedlichen 
Methoden die Vergleichbarkeit verschiedener Methoden bewerten. 
Daher wurden im Rahmen des SysDEA-Projekts Experimente zur Messung dermaler 
Exposition von Chemikalien am Arbeitsplatz durchgeführt, die den nachfolgenden 
Variationen unterlagen. Drei grundlegend verschiedene Messprinzipien: 1.) Auffangen 
von Chemikalien (Overall, Handschuhe, Patches), 2.) Entfernen durch Wischen oder 
Waschen und 3.) In situ durch Fluoreszenz-Messungen. Die Exposition verschiedener 
Körperpartien (Hände, Körper, Kopf) wurde bei verschiedenen Tätigkeiten 
(Umfüllarbeiten, Oberflächenbehandlung, Sprühen, Tauchen, Handhabung 
kontaminierter Gegenstände) und mit verschiedenen Testsubstanzen (gering und 
hoch viskose Flüssigkeit, staubiger Feststoff) untersucht. Die Experimente wurden von 
vier Probanden jeweils viermal durchgeführt. 
Für die Handexposition wurden vor allem beim Rollen von gering viskosen 
Flüssigkeiten und bei der manuellen Handhabung von Gegenständen durch Auffangen 
mit Handschuhen höhere Expositionswerte gemessen, als mit der Hand-
waschmethode. Diese Tendenz war auch bei den anderen Tätigkeiten erkennbar, 
jedoch weniger ausgeprägt. Um konservative Bewertungen der Handexposition zu 
erzielen, sind Messungen mit der Handschuhmethode vorteilhaft. 
Für Körperexpositionen führte Auffangen durch Patches bei allen Tätigkeiten mit 
Flüssigkeiten (außer Rollen) zu höherer Exposition als Auffangen durch Overalls. Bei 
Pulvern wurde kein signifikanter Unterschied festgestellt. Da Patches die Exposition 
auf kleinen, repräsentativen Flächen erfassen, müssen Messwerte auf die Körper- 
bzw. Overalloberfläche extrapoliert werden. Je nachdem wie Flächengrößen für die 
Extrapolation gewählt wurden, ergaben sich für die Gesamtexposition höhere oder 
niedrigere Werte als bei der Overallmethode. Es sollte eine bindende Definition des 
Extrapolationsverfahrens in der Normung erarbeitet werden. 
Die Streuung der Messwerte hängt vom Expositionsmuster und damit von der 
Tätigkeit, aber in der Regel nicht von der Methode ab. Sie ist bei gleichmäßigem 
Expositionsmuster geringer als bei ungleichmäßigen, von Spritzern dominierten. Dies 
gilt für Patches wie für Overalls. Bei ungleichmäßigem Muster sind daher eventuell 
mehr Messungen erforderlich. Der Unterschied der mit Patch- und Overallmethode 
gemessenen Werte war geringfügig. 
Die im Projekt genutzte Fluoreszenzmethode ermittelt erheblich geringere Körper-
expositionen als die, die durch andere Methoden ermittelt wurde. Die Fluoreszenz-
methode ist also weniger konservativ, kann aber helfen das Expositionsmuster zu 
ermitteln. Dies ist hilfreich, um eine Messstrategie festzulegen. 
 
Schlagwörter: 
dermale Exposition, dermale Messmethoden, Expositionsfaktoren, Arbeitsplatz-
exposition 
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SysDEA: Systematic analysis of dermal exposure to 
hazardous chemical agents at the workplace  
 
Abstract 
 
The procedure for measuring dermal exposure to chemicals at the workplace is not 
standardised. There has been a lack of sufficient scientific research on measurement 
methods which compares various methods by means of systematic measurements. 
For this reason, experiments on dermal exposure to chemicals at the workplace were 
carried out within the SysDEA project and were subject to the following variations. 
Three fundamentally different measurement principles: 1) interception of chemicals 
(whole body dosimetry (WBD) using coveralls, gloves, patches), 2) removal by wiping 
or washing and 3) In situ by fluorescence measurements. Different test substances 
(low and high viscosity liquid, dusty solid) were used for various activities (transfer, 
spreading, spraying, immersion/dipping, handling of contaminated objects), and the 
resulting exposure of different parts of the body (hands, body, head) was investigated. 
The experiments were carried out four times by each of four volunteers. 
For hand exposure, higher exposure values were measured by interception with 
gloves, especially when rolling low viscous liquids and when manually handling 
objects, than with the hand washing method. This tendency was also apparent for the 
other activities, but less pronounced. To obtain conservative assessments of hand 
exposure, measurements with the glove method are advantageous. 
For body exposure, interception with patches resulted in higher exposure levels than 
interception by coveralls for all activities with liquids, except rolling. No significant 
difference was found for powders. Since patches measure exposure on small but 
representative areas, measured values must be extrapolated to the body or coverall 
surface. Depending on how the area sizes were chosen for extrapolation, the final body 
exposures obtained were higher or lower than those obtained by WBD. A binding 
definition of the extrapolation method should be developed within the framework of 
standardization. 
The variation of measured values depends on the exposure pattern and thus on the 
activity, but generally does not depend on the method. It is lower for uniform expo-sure 
patterns than for non-uniform exposure patterns dominated by splashes. This applies 
to patches as well as to coveralls. Therefore, more measurements may be required if 
the pattern is uneven. The difference between the values measured with patch and 
WBD was minor. 
The body exposure determined with the fluorescence method used in the project is 
considerably lower than that determined by the other methods. This fluorescence 
method therefore appears to be less conservative, but can help to determine the 
exposure pattern on the body. This is helpful in determining a measurement strategy. 
 
Key words: 
dermal exposure, dermal measurement methods, exposure factors, workplace 
exposure  
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1 Introduction 
 
Dermal exposure to hazardous substances can damage the skin and lead to increased 
levels of systemic exposure. In Germany, skin diseases account for the majority (37%) 
of the reported and by far of the confirmed cases (60%) of occupational diseases 
(DGUV, 2019). Therefore, a realistic and reliable assessment of dermal exposure is 
highly important for occupational safety and health. The REACH regulation and the 
Biocidal Products Regulation introduced quantitative toxicological reference values 
including reference values for assessing dermal exposure to chemical substances (e.g. 
the DNELs, Derived No-Effect Levels). All actors subject to these regulations are 
therefore obliged to assess dermal risks quantitatively and to demonstrate that the 
dermal exposure of workers is below these reference values. It is therefore necessary 
to assess dermal exposure quantitatively. Monitoring data are an important way of 
fulfilling this obligation. For dermal monitoring at the workplace of a specific substance 
different methods are available, e.g. interception, wiping and in-situ methods. 
 
While established models and monitoring methods are available for the assessment of 
inhalation exposure, the assessment of dermal exposure is so far methodologically 
less standardized and associated with greater uncertainties. Especially sufficient 
scientific investigations are missing with regard to the reliability and applicability of 
monitoring methods. There is lack of 

• systematic dermal measurements with different methods for measuring dermal 
exposure, 

• knowledge about the comparability of results obtained with different 
measurement methods and 

• knowledge about which measurement method is best suited for different 
physico chemical properties of the substance in question. 

 
The Federal Institute for Occupational Safety and Health (BAuA) took this lack of 
knowledge as an opportunity to initiate the SysDEA project (F2349 “Systematic 
analysis of dermal exposure to hazardous chemical agents at the workplace”). The aim 
of this project is to generate scientific knowledge that forms the basis for improvement 
and standardization of measurement methods for dermal exposure to chemicals at the 
workplace and to compare the different methods in order to indicate the advantages 
and disadvantages of each measuring method. The project is divided in several work 
packages. 
 
In the first work package, scientific publications about dermal exposure of workers 
were collected as part of a comprehensive literature review with the aim of subsequent 
systematic evaluation. The focus was on substance-related literature including 
quantitative dermal measurements and description of the used measurement method 
as well as on general literature on method descriptions. Evaluation of the found 
literature on dermal exposure measurements then served as a basis for the other parts 
of the project. 
 
The selected publications were first entered in a literature management system 
(EndNote™). In the subsequent analysis of the literature, relevant information such as 
information on the activities, the substances used, the products and the dermal 
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measurement methods were then transferred to a database (Microsoft Access). In a 
first evaluation of this database particularly relevant tasks and activities as well as 
different monitoring methods were identified, which were considered relevant for the 
other parts of the project. The implementation and evaluation of this first part of the 
project is described in this report. 
 
In order to answer the question, which of the available dermal measurement methods 
are suitable for which task, and whether results of different methods are comparable, 
standardized measurements of dermal exposure were performed in the second part of 
the project. The measurements were carried out in test rooms by test persons under 
well defined and standardized conditions for the selected activities. In each case, the 
level of exposure for an exposure situation (activity + substance + ambient conditions) 
was determined using different monitoring methods. 
 
The selection of the tasks as well as the properties of the substances (and 
environmental conditions) was based on  

• the literature review carried out in project part 1, 
• the basis of a BAuA internal evaluation of already conducted own field studies 

(Koch et al., 2004; Hebisch et al., 2009; Koch et al., 2012; Schäferhenrich et al., 
2012; Schäferhenrich et al., 2017), and  

• experience from risk assessment in the framework of chemical regulations. 
 
The tasks to be examined in this project should correspond to tasks of daily operational 
routines at workplaces, such as: decanting, spraying, brushing/wiping, dipping and 
pouring, but also be relevant for the chemical regulation processes.  
The measurement methods were chosen so that each of the three general 
measurement methods (interception, removal and in-situ methods) described in the 
International Organization for Standardization Guidance (ISO/TR 14294:2011, 2011) 
was represented (see chapter 2.3.4 for more information). Dermal exposure of the 
body, the hands, and the head was measured with the different methods for the 
selected tasks. The measurement data thus obtained were used for further analysis 
and comparison of the different methods. 
 
In the third part of the project, the results from the measurements of dermal exposure 
in part two were compared with the results of the literature review (part one). In this 
part the advantages and disadvantages of the respective sampling methods were 
described. In particular, it has been examined which methods are best suited for 
dermal exposure monitoring of workers during certain activities with different materials. 
Additionally, it has been investigated whether and under what conditions exposure 
levels measured by different methods are comparable. Recommendations for 
standardization were derived for individual monitoring methods and recommendations 
were derived for measurement methodology and exposure estimation in the context of 
chemical regulations. 
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2 Literature review 
 
2.1 Literature search and screening method 
 
For the collection of dermal exposure data and relevant background literature, the 
following databases were searched: 
 

• OSH UPDATE + FIRE is an online service and contains an ever-growing 
collection of (at the time of the search) 26 databases from globally relevant 
authority sources (e.g. NIOSHTIC, CISDOC, HSELINE etc.). This aggregation 
of databases contains well over 1 000 000 relevant references to topics such as 
basic health, safety, hygiene and working environment information 
(http://www.oshupdate.com/). 

• Health and Safety Science Abstracts (ProQuest) indexes and abstracts journal 
articles, government reports, conference proceedings, and books relating to 
public health, safety, and industrial hygiene. This includes occupational safety, 
environmental safety, as well as health and safety related aspects of pollution, 
pesticides, and epidemics. This database is a subset of the Biological Sciences 
database and the Environmental Sciences & Pollution Management database 
from 1981 to present (https://search.proquest.com/agricenvironm /science/). 

• EBSCO EJournals – EBSCOhost is an electronic journals service. It provides 
access to electronic journals and full text articles for thousands of journals (e.g. 
Annals of work exposures and health, Journal of occupational and 
environmental health, International Archives of Occupational and 
Environmental Health) E-Journals from EBSCOhost allow search and retrieval 
.of citations, abstracts and full text. (http://web.b.ebscohost.com/) 

• The Federal Institute for Occupational Safety and Health's Scientific Library 
(BAuA) collects information on "Safety and Health at Work". Around 200 000 
media items from Germany and abroad on the topic of "Safety and Health at 
Work" are listed. These are primarily monographs, magazines and 
compilations, including grey literature. The Online Public Access Catalogue 
contains all literature published from 1996 onwards. The library catalogue does 
not yet take full account of literature published in 1995 and earlier. 

 
Depending on the used database and language (English, German) the following 
search approaches were used:  
 
OSH Update (English) 
String: (dermal exposure* OR skin exposure) AND (*measur* OR *sampling* OR 
expos*) NOT (toxicol* OR animal* OR radiatio* OR ultraviol*) 
 
Health and Safety Science Abstracts (English) 
String: SU(dermal exposure* OR skin exposure) AND SU(*measur* OR *sampling* OR 
assess*) NOT (toxicol* OR animal* OR radiatio* OR ultraviol*) 
 
EBSCO-EJournals (English) 
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String: (dermal exposure* OR skin exposure) AND (*measur* OR *sampling* OR 
expos*) AND (workplace* OR worker OR occupation*) NOT (toxicol* OR animal* OR 
radiatio* OR ultraviol* OR absorption OR occupational health) 
Federal Institute for Occupational Safety and Health's Scientific Library (German) 
String: Schlagwörter "(dermale Belastung O Haut*) U (mess* O arbeitsplatzmess* O 
exposition*) 
 
In addition, a search outside of databases for project reports and other information was 
conducted. Especially reports from TNO (the Netherlands Organisation for Applied 
Scientific Research), HSE (Health and Safety Executive, UK), HSL (Health & Safety 
Laboratory, UK), IOM (Institute of Occupational Medicine, UK), and German research 
institutes (Federal Institute for Occupational Safety and Health, BAuA, and the Federal 
Institute for Risk Assessment, BfR) have been considered as relevant. The used 
search strategies were similar to those described above. 
 
Most publications were published in English. Some publications were also in German, 
especially BAuA research reports and publications from other German authorities.  
 
The focus of the literature search was on sampling and measuring of occupational 
dermal exposure, and additionally, general information on dermal measurement and 
sampling methods. Other aspects regarding dermal exposure (e.g. toxicology, 
occupational medicine data, and dermatology) were not considered. These are, among 
others: 

• data on type of surface contamination (e.g. indirect contact to metals or 
cytostatic drugs) and relating surface sampling methods (e.g. sampling with 
wipes), 

• secondary dermal exposure data for re-entry of workplaces, especially for plant 
protection products, 

• information on washing behaviours of hands (only for cleaning, not for sample 
collection), 

• efficiency data for personal protective equipment, and  
• information on dermal models (AOEM, RISKOFDERM, DART, DREAM). 

 
The literature search lead to a comprehensive list of abstracts covering many aspects 
of dermal exposure. More than 1 500 publications were found and evaluated. The 
evaluation of relevance for the project was based on screening of the title and abstract 
by expert judgment. Cross-references in the evaluated literature and known reviews or 
project reports have also been included in the literature list for further screening and 
evaluation. 
 
Overall, 325 publications have been finally selected. All of these references are listed 
in Annex 1, part 1 and 2. An EndNote™ file containing all references is also available. 
Publications in scientific journals (see Table 2.1) were predominant, but there was also 
a significant number of research reports available. The research reports were for 
example from institutes like: 

• Netherlands Organisation for Applied Scientific Research, TNO (10),  
• Institute of Occupational Medicine, IOM (14),  
• Health & Safety Executive/Laboratory, HSE/HSL UK (14).  
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It should be noted that these reports usually were also published as individual papers 
in relevant journals. Such articles described the same information as was in the original 
reports, which can lead to multiple occurrences for some of the measurement results. 
Therefore, these articles were flagged as “Reviews” in the database and were not 
further considered in the data analysis. Books, abstracts, conference papers were also 
not further considered. The search was further limited to publications between 1990 
and 2017 to avoid inclusion of very old and outdated data (see Table 2.2). 
 
Table 2.1 Overview of publications 
 
Kind of publications Number of entries 
Original article in scientific journals 230 

Reports from research institutes 64 

Reviews 
(double entry, exposure data also given in other papers) 

25 

Others (books, standards) 6 

All 325 

 
Table 2.2 Year of publication 
 
Period of publication Number of entries 
2010 – 2017 56 

2000 – 2009 171 

1990 – 1999 85 

before 1990 13 

All 325 

 
 
2.2 Database development and structure 
 
For further analysis all relevant literature was exported into a Microsoft Access 
database. The database comprises for each publication the bibliographic data, 
contextual information from the workplaces, and information about dermal exposure 
measurement methods. For the records in the database only publications with 
available full text were considered. 
 
A summary of the database structure is given in Table 2.3. 
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Table 2.3 Database structure / fields 
 
Bibliographic data 
 Internal Reference number 

 Authors 

 Title 

 Journal/Report 

 Volume/Page 

 Abstract 

 Publication year 

 Keywords 

 Remarks 

Workplace data 
 Industry (Industrial/Commercial) 

 Task/Application 

 Product Type 

 Measured substance (chemical name) 

 Physical state (solid, liquid) 

 Location (real workplace, laboratory, technical general ventilation, local 
exhaust ventilation, outdoor, indoor) 

 Qualification of the worker 

 Remarks 

Dermal measurement method data 
 Sampling strategy (hand, body) 

 Actual or potential exposure 

 Dermal measurement method (wipe, hand-wash, tape, glove, patch, whole 
body, in-situ) 

 Measured values (statistic, single) 

 Remarks 

 
The language in the database is mainly German with titles, abstracts and keywords in 
English. The database is considered as a work in progress and will be updated and 
extended when more relevant data becomes available. It is not planned to publish this 
database and the included data. However, it is considered to make it available on 
request for research activities. 
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2.3  Analysis of literature (exposure data) 
 
The collected and evaluated literature was reviewed in more detail especially in view 
of the information needed for the subsequent parts 2 and 3 of the SysDEA project. 
 
Often, more than one workplace situation (task) or chemical substance were described 
in one publication. Hence, for every situation an individual dataset was created. 
Consequently, the number of datasets per publication depends of the information 
content and is often more than one for a single publication.  
 
Overall, the database consists of 727 datasets with specific information about dermal 
measurements and different workplaces. An analysis of used chemicals/products, 
industry sectors, tasks, and used measurement methods is presented below. Due to 
the very different quality of the publications, it was frequently not possible to fill out all 
data fields. Therefore, the sum of database entries could be partially different. 
 
2.3.1 Product groups 
 
Regarding the type of used chemicals/products, the majority of the entries in the 
database is related to plant protection products and biocides, including pesticides 
(141), insecticides (115), fungicides (54), herbicides (23), and some others. One 
reason for this predominance is that dermal exposure in this area has been measured 
for decades. For other products types (paints, metals, fuels) dermal measurements 
have been of less interest in the past. An overview of the product groups included in 
the database is given in Table 2.4. 
 
Table 2.4  Types of chemicals/products included in the database 
 
Chemical/products Number database 

entries 
Plant protection products and biocides 320 

Metals and compounds (e.g. lead, nickel, zinc, cadmium) 92 

Paints, lacquers, coatings 75 

Asphalt ( polycyclic aromatic hydrocarbons) 37 

Wood preservatives, tar oil 31 

Lubricants and fuels, cooling lubricants 30 

Antifoulings 19 

Disinfectants, cleaning agents 17 

Plastics 9 

Other chemicals (e.g. solvents, drugs, flame retardants) 97 
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2.3.2 Commercial sectors 
 
The predominance of plant protection products and biocides among the available 
publications can also be recognized in the overview of the commercial sectors for 
which measurements have been published. As can be seen in Table 2.5 the by far 
largest number of publications refers to the agricultural sector. 
 
Table 2.5 Commercial sectors included in the database 
 
Sector Number of literature 
Agricultural sector 93 

Metal production and processing 23 

Construction industry 16 

Pest control sector 16 

Woodworking industry 12 

Chemical industry 11 

Car repair shops 10 

Plastic industry 9 

Healthcare sector 8 

Food industry 7 

Shipbuilding industry 7 

Rubber industry 6 

Printing shops 5 

Paint shops 5 

Others 27 
 
2.3.3 Tasks 
 
The SysDEA project focussed on the measurement of dermal exposure for selected 
tasks. For the selection of relevant tasks, information from the published literature, 
especially the descriptions of the studied workplaces, were considered. In particular, 
results from previous BAuA projects (Koch et al., 2004; Hebisch et al., 2009; Koch et 
al., 2012; Schäferhenrich et al., 2012; Schäferhenrich et al., 2017) as well as the EU 
project RISKOFDERM (special edition in Ann. Occ. Hyg. 47, 2003, No.8) were 
important (Boeniger, 2003; Goede et al., 2003; Marquart et al., 2003; Oppl et al., 2003; 
Schuhmacher-Wolz et al., 2003; Van Hemmen et al., 2003; Warren et al., 2003). In 
addition, experiences from the regulation of chemicals (REACH, biocides regulation) 
were taken into account. 
 
Table 2.6 gives on overview of the tasks addressed in the literature. One reason for 
the high number of entries for pouring (liquids) and dumping (solids) is that these are 
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frequent tasks (dilution of concentrates) in the comparatively well investigated 
agricultural and pest control sector.  
 
Table 2.6 Type of tasks included in the database 
 
Tasks Number database entries 
Spraying 263 

Mixing & loading (pouring, dumping) 
(dumping, weighing, bagging, loading, decanting) 

157 

Mechanical treatment (grinding, sawing) 40 

Cleaning (wiping, mopping) 37 

Road construction (asphalt working) 26 

Handling 26 

Metal processing (refining, electro plating) 25 

Spreading, pouring 24 

Brushing and/or rolling 21 

Maintenance and repair 20 

Immersion / dipping 16 

Others (sample taking, dying, hairdressing, etc.) 72 

 
On basis of information available, a couple of tasks have been identified as relevant 
for the objectives of the SysDEA project. These include: 

• pouring,  
• dumping,  
• painting (brushing, rolling),  
• spraying, and  
• wiping.  

 
These tasks occur frequently in the literature, so that there is already a body of basic 
information available. Furthermore, the available information suggests that these tasks 
might lead to different patterns of dermal exposure with comparatively high (and thus 
easily detectable) exposure levels. Therefore, these tasks form the basis of the list of 
exposure situations investigated. More information on the strategy applied for selection 
of the tasks in the SysDEA project can be found in chapter 3.3. 
 
2.3.4 Information on methods used to measure dermal exposure 
 
The main objective of SysDEA was the comparison of different dermal measurement 
methods. Therefore, in the course of the literature review also the available information 
on the known methods, their description and validity were evaluated.  
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The International Organization for Standardization (ISO) published a general guidance 
document in 2011 on the possible principles available to assess dermal exposure 
(ISO/TR 14294:2011, 2011). This document describes the advantages and limitations 
of the different dermal exposure measurement methods. According to the guideline for 
measurement of dermal exposure, the methods are classified into the following three 
groups. 
 

1. Interception (formerly surrogate skin) methods 
The principle of these sampling methods is to replace the target skin by a surrogate 
layer, which serves as collection media and can be easily removed for analysis. As 
collection media patches and/or whole-body suits (coverall, clothing) are used. The 
collection medium is then extracted with an appropriate solvent and transferred into a 
suitable form for analysis. Gloves are used to assess the exposure of hands. As 
collection media materials such as cotton, nylon and leather have been used. 
 

2. Removal methods 
The removal methods (i.e. wiping and handwash) are based on the removal of 
substances from the skin by the impact of mechanical, fluid dynamic and/or chemical 
forces under moist/wet conditions.  
For wiping, usually small defined surfaces of the skin are wiped with moist or soaked 
sampling media, such as cotton cloths, filter paper, sponges, surgical swabs or cotton 
wool swabs. The wiping method is often used for assessing of contaminated surfaces 
with metals or drugs (cytostatic). A contact with these surfaces leads to an indirect 
secondary dermal exposure of workers. 
For handwashing, the procedure ranges from simple handwash movements to a 
detailed six-step technique (DIN EN 1499:2013, 2013). The immersion technique 
(rinsing, finger immersion) is a special removal technique that is like handwashing but 
without the application of mechanical forces or like rinsing but without the use of 
hydrodynamic forces.  
Stripping with an adhesive tape is based on the gradual removal of the stratum 
corneum, the most exterior skin layer, including the substance deposited in this layer. 
After the exposure time the tape is placed on the contaminated skin and subsequently 
removed by taking off. The tapes are then extracted with an appropriate solvent and 
transferred into a suitable form for analysis. 
 

3. In-situ methods 
In-situ methods use the spectroscopic properties of substances and measure 
absorption in the range between the infrared and UV parts of the light spectrum. Either 
the substance itself or a tracer mixed with the substance can be analysed by 
spectroscopic methods. 

• fluorescence video imaging  
• portable X-ray fluorescence spectrometer (PXRF) 
• Fourier transform infrared spectroscopy with attenuated total reflectance (ATR-

FTIR) 
• portable light sensor detector (photodetectors measure fluorescence emitted 

from surfaces) 
 
Whereas the first and second are suitable for measurements of large surfaces, the 
third and fourth are limited to smaller areas. The sampling area is limited by the size 



17 

 

 
 

of the ATR crystal or the light sensor. The PXRF can detect many metals directly on 
the surfaces of materials, allowing to measure dusts in situ that would otherwise be 
difficult to be extracted from the material and analysed by other means.  
 
These three classified dermal measurement methods differ one from another. Patch, 
whole body suit and glove sampling reflect the interception methods which collect all 
mass deposited in a given time on a given body area. The wipe, handwash and tape 
stripping sampling represent the removal methods which are applied after a certain 
exposure duration and measure the remaining mass on a given area. Finally, the in-
situ methods also measure in principle the amount remaining on the body surface after 
a given exposure duration. A process for extraction of reliable and precise quantitative 
data is not developed and established yet. 
 
A list of documents discussing dermal exposure measurement and sampling methods 
were listed in Annex 1 part 2. A summary of relevant literature is listed in Annex 1 part 
2. The “Environmental Health Criteria 242 - Dermal Exposure” (Mangelsdorf et al., 
2014) provides a good comprehensive overview of dermal exposure assessment and 
covers the key aspects monitoring, modelling, and risk management.  
 
According to the literature review, the sampling methods that were most frequently 
reported for measuring dermal exposure at workplaces were the interception methods 
“patches”, “gloves”, and “whole body suits”. The removal methods “handwash” and 
“wiping” have been also reported, but to a lesser extent. An overview is given in Table 
2.7. 
 
Table 2.7 Dermal measurement methods 
 
Measurement methods Number database entries 

Interception methods 

patches 343 

gloves 283 

whole body suits 125 

Removal methods 

handwash 123 

wiping 118 

tape stripping 41 

In-situ methods 
Fluorescence imaging, PXRF, 
ATR-FTIR, Luminescence 
detector 

52 

 
For dermal measurements of workers, a distinction is usually made between hand and 
body exposure. Therefore, different methods are often combined within a single 
workplace measurement. For body exposure (excluding hands) mostly whole body 
dosimetry or the patch method, more rarely also washing and wiping methods were 
used. For measurement of hand exposure, the glove method was predominantly used. 
To a lesser extent, also handwashing, rinsing or tape strip methods were reported in 
the literature. In-situ methods are very useful for the direct visualisation of the dermal 
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exposure situation and for evaluation of the exposure pattern. However, currently it is 
not possible to make a reliable and precise quantitative assessment.  
 
The choice, which measurement methods were further investigated in the SysDEA 
project, is described in chapter 3.2.3. 
 
2.3.5 Information provided in published studies and recommendations for 

information reporting in future studies 
 
Initially, it was planed to transfer some specific information on the measurements and 
the results from the studies we have reviewed into a database. These details were 
planned to include information on education of the workers, technical and 
organisational measures, the equipment used for application (e.g., spraying device) as 
well as a description of the samplers (size, material, location on the body). Regarding 
the results, we would have liked to collect the exposure levels found on each sampler 
(patch, Coverall segment, glove, etc.), along with the amount of substance applied and 
the duration of each monitored application.  
 
Shortly after the start of the literature evaluation, however, it became clear that in 
almost none of the published studies this information was completely available. Here 
we report on our general experiences and avoid assigning "deficits" to individual 
studies. Thus, the observations described below are not supported by specific 
literature citations. It should also be noted that the studies often focused on very 
specific aspects, such as the method used for chemical analysis or the assessment of 
the efficacy of risk management measures. Some of the data we have been looking 
for therefore may have been less relevant in the scope of a specific study, although 
this data was actually generated and could have been used in other contexts. 
Contextual information about the examined workplaces was rather sparse in many 
studies. This makes it hard to decide if the exposure data from a study can be 
transferred in order to assess a specific other workplace situation. 
 
Instead of exposure levels determined on the individual samplers, often only 
accumulated data such as averages, medians or other statistical descriptors of total 
body exposure were reported. Since there is no common means to report these core 
data, it is almost impossible to feed them into a common database. In addition, several 
studies lack a comprehensible description of the processing of exposure data, which 
were determined by laboratory analysis. As explained in the following chapters, e.g., 
after measuring the body exposure with patches, extrapolation to the entire body 
surface are is required. For this, assumptions must be made regarding the size of the 
surface of individual body sections, about which there is no binding definition in the 
community of occupational hygienists. It is therefore not possible to check and, if 
necessary, adapt older exposure data in order to match a standard for pooling data, 
e.g., in order to build an exposure database. 
 
The lack of both, the information mentioned above and the corresponding 
standardization, make it difficult to (re)use the existing exposure data for scientific and 
regulatory purposes and limit the value of this data, which were usually measured with 
great effort. 
In order to get the most out of the dermal exposure data, a few suggestions as to which 
data should always be reported are put up for discussion here. In this context, we are 
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aware that the space in journal articles is usually limited. However, most journals offer 
the possibility of making further data available as "supplementary material", which 
could be used more for this purpose.  
 
Firstly, comprehensive descriptions of the investigated workplace situations should be 
provided. This is important in order to allow a later assignment of these data to other 
workplace situations, or to use them in order to feed models. These descriptions should 
include a list of all relevant working steps and information on their durations. Non-
exposure durations should be indicated, if they occurred during the measurement. If 
applicable, the amount of substance applied during a measurement should reported. 
If known, the composition of the products or substances applied during the 
measurement is often a helpful information, but at least information on the 
concentration of the analyte should be given. Risk management measures, in 
particular those that directly influence the measured exposure levels, should be stated.  
Secondly, exposure levels found on the individual samplers should be reported, 
preferably in a form prior to further processing such as interpolation. The exposed 
surface area and the material of the samplers should be indicated. If processed or 
accumulated data is reported, a comprehensible description of the data processing 
should be provided. 
 
Last but not least, the sample treatment, extraction and the method used for analysis 
should be described in a way that allows the work to be reproduced by another 
laboratory. Rates of recovery of the analyte from the samplers, limits of quantification 
and calibration of the analytical method should be addressed. If applicable, it should 
be indicated how exposure levels below these limits have been treated. 
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3 SysDEA Project – experimental design for 
comparative dermal exposure measurements 

 
3.1 Other controlled experimental setup studies  
 
Most of the literature on dermal exposure is based on data from real workplace 
measurements obtained with different methods, but it is not clear to what extent the 
different methods lead to differences in the results. The variability of dermal exposure 
levels at different workplaces is very large. It is suggested that dermal exposures are 
partly dependent on human behaviour and on the occurrence of accidental contact 
with contaminated surfaces.  
 
There is only a limited number of studies in which controlled laboratory experiments 
have been carried out. However, some studies were identified and taken as a(n 
inspirational) starting point when planning the SysDEA project and the experiments 
involved.  
 
Gorman Ng et al. investigated systematically different sampling methods and the 
influence of different product characteristics (dustiness and viscosity) (Gorman Ng et 
al., 2012; Gorman Ng et al., 2013, 2014). This was done in controlled laboratory 
experiments, but only for the exposure of the hands. The dermal exposure was 
simulated for three pathways:  

• exposure from immersion,  
• exposure from surface contact, and  
• exposure from deposition.  

 
Immersion was simulated by dipping the volunteers’ right index finger in a beaker filled 
with test substance. Surface contact was investigated on surfaces that have been 
evenly loaded with the test substances. Three different surfaces, galvanized steel 
sheets, pine wood, and polyester/cotton fabric pieces, were compared in these 
experiments. Deposition was studied by placing the volunteers’ hands into a test 
chamber and either dropping the solid powders through a tunnel into the chamber or 
spraying a small amount of the liquid test substances into the chamber. In addition, the 
effects of viscosity and dustiness of test substances on dermal exposure was 
investigated. For the liquid test substances of varying viscosity, three water/glycerol 
solutions of 20%, 50%, and 85% glycerol were used. For the solids, three different 
powders with varying dustiness were used, namely calcium acetate (highest 
dustiness), zinc oxide (medium dustiness), and Epsom salt (lowest dustiness). Both 
hands (right and left) of the volunteers were subjected to the same exposure situation 
simultaneously, so a similar level of exposure for both hands could be assumed. This 
allowed a direct comparison of the two different sampling methods. For exposure to 
powders, a wipe sampling method with cotton gauze was compared to a hand rinsing 
method. In case of the glycerol-water solutions, a wiping method and cotton glove 
samplers were compared.  
 
Two other experimental studies from the Health Safety Laboratory, UK (Cocker et al., 
2006; Crook et al., 2007) allowed the cross comparison of various methods for 
assessing potential dermal exposure.  
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The first study investigated handling of powdered minerals (Crook et al., 2007). The 
sampling methods that were compared included:  

• Tyvek suits that were worn,  
• in-situ PXRF measurement of the Tyvek suits,  
• cotton gauze patches,  
• tape lifts,  
• wipes,  
• suit cut outs,  
• cotton gloves, and  
• bag washes.  

 
Volunteers were exposed to dusts generated by shovelling and bagging exercises. 
They worn different sampling systems simultaneously and changed the locations of 
the sampling system between each experiment. In addition, different types of dust in 
use were also changed between experiments. 
 
In the second study (Cocker et al., 2006) printers during ink-mixing tasks and 
subsequent clean-up activities were investigated. One of the solvents used by the 
printer was 1-methoxy-2-propanol and this found in printers urine. This raised the 
question of whether it had been absorbed via the dermal or inhalation route. It was not 
possible to eliminate the inhalation route at the real print work itself. Therefore, only a 
volunteer study in the laboratory where conditions could be tightly controlled was 
practical. For the training of the volunteers, video recordings were used. To monitor 
the spread of solvent and check for leakage, the used solvent was mixed with a 
fluorescent marker and photographs of the hands and forearms taken after the tasks 
showed the skin contamination. This study demonstrated the necessity and 
practicability of controlled laboratory study well. 
 
A special experimental design was described in the HSE Research Report 004 (HSE, 
2002). Here the Defence Science and Technology Laboratories (Dstl, UK) have 
developed an animated mannequin (robot) with the possibility of different movements. 
A Knapsack sprayer was mounted on the robot, set in motion and a spraying activity 
was initiated. It was found that highly reproducible data could be generated in this way. 
For sampling, patches were placed on the robot. The spraying solution contained a 
fluorescent tracer, and the extent of contamination was measured using fluorescent 
spectroscopy.  
 
Overall, for the SysDEA project it was decided to conduct an experimental volunteer 
study, where different volunteers should perform tasks repeatedly under identical 
experimental conditions. Different exposure situations should be set up for the tasks 
studied. For each of the exposure situations, the measurement method should be 
altered, similar to the approach described by Crook et al. (Crook et al., 2007). In order 
to make sure that the tasks in SysDEA were carried out in a standardized and 
reproducible way, detailed Standard Operating Procedures (SOPs) were developed 
for each exposure situation, and the volunteers were trained before the experiments 
started.  
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3.2 Selected tasks, measurement methods and substance 
properties 

 
3.2.1 Terms used in this report 
 
For the sake of clarity, some key terms used in this report shall be defined as follows: 
 
Task  refers to an activity that is carried out during a SysDEA 

exposure situation, e.g. pouring, rolling or spraying 
 
Exposure situation  refers to the experimental setup, in which a particular task 

is performed with a particular type of substance. In 
SysDEA, each exposure situation has an ID and a name. 
For example, the exposure situation with the ID C2 is 
termed “spraying of a high viscosity liquid”.  

 
Repetition  refers to a repetition of an exposure situation, resulting in 

one set of exposure levels measured for hands, body and 
head. Each repetition may include one or more iterations of 
a task. For instance, in the exposure situations A2 and A3, 
a certain amount of liquid is poured from a bottle into a jug, 
and then from a jug into a receiving vessel. The whole 
process is iterated 5 times per repetition. 

 
Sampling method  refers to the method used to collect the substance of 

interest. In SysDEA, the substance was collected (sampled) 
with patches, coveralls and headbands, as well by transfer 
from the hands or forehead with a washing solution or a 
wipe, respectively. 

 
Measurement method refers to the entire method, including sampling, sample 

preparation, instrumental analysis by HPLC and calculation 
of the final exposure levels. The measurement methods 
studied in SysDEA are whole body dosimetry (WBD), the 
patch method, the glove method, the handwash method, 
wipes, headbands, and the fluorescence method. 

 
 
3.2.2 Selection of the investigated working tasks  
 
For the selection of the experimental tasks, several aspects were considered. On the 
one hand, results of the literature evaluation were taken into account, as well as 
findings from the exposure assessments carried out within the framework of regulatory 
activities (biocidal process, REACH). Furthermore, it was of particular importance that 
the activities could be carried out easily and in a highly reproducible manner and that 
considerable dermal exposure could be expected. For example, “wiping surfaces” is a 
relevant activity for dermal exposure at workplaces, but the wetting of the wipe, the 
immersion in a bucket, but also the wiping itself is not easily to standardize. 
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Based on these considerations, the following tasks were selected for the exposure 
situations investigated during the experimental part of SysDEA: 

- dumping of powder 
- pouring of low and high viscosity liquids 
- rolling of low and high viscosity liquids 
- spraying of low and high viscosity liquids 
- immersion/dipping of low and high viscosity liquids 
- handling of objects (powder) 

 
It should be noted that the SysDEA project is not intended to reproduce or simulate 
real workplaces. 
 
3.2.3 Selection of the measurement methods to be compared 
 
When assessing dermal exposure of workers, the exposure of the body and exposure 
of the hands is considered separately. In contrast, the dermal exposure of head and 
feet is only of minor importance. 
 
With regard to body exposure, only two methods were found in the literature, namely 
patches and coveralls. Other methods, such as wiping or tape stripping are not really 
applicable due to the size of the body surfaces. In some cases, these methods were 
used for selected parts of the body (e.g. forearms). 
 
Dermal measurements using patches was found most frequently in the literature (343). 
This is due to the fact that patches have been used as measuring methods for several 
decades, especially in the field of plant protection products. Coveralls have only 
recently been applied to an increasing number of measurements (125).  
 
For the purpose of comparison of body exposure measurement methods a comparison 
of patches and coveralls was therefore chosen. Since both are interception methods, 
they can also be compared well with each other. 
 
In case of hand exposure the situation is more complex. For the measurement of hand 
exposure, there are on the one hand interception sampling methods with gloves and 
on the other hand removal methods like handwash, rinsing, wiping, and tape stripping 
available. The literature evaluation shows that the glove method is the most common 
sampling method (283). The second most common method after the glove method was 
the handwash method (123). Only a limited number of data is available for the other 
methods.  
 
For the comparison of methods for measuring hand exposure, glove and handwash 
methods were chosen. Unfortunately, there are not two interception methods available. 
It has to be kept in mind when comparing the results obtained with the two methods 
that gloves collect the whole time of the activity (while there might be losses possible 
due to loss of overload, especially in case of solids), whereas in the handwash method 
the exposure is measured only at the end of the activity. 
 
It should be noted that removal methods capture only what is removable from the skin 
and do not collect material that has been absorbed through the stratum corneum or 
has been removed (for example, by evaporation or handwashing). Interception 
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techniques aim to sample all material that reaches the skin, including the proportion 
that is absorbed. 
 
In the SysDEA project, the exposure of the head was measured in addition to body 
and hand exposure. Due to the rather small area to be measured (forehead), the wiping 
method is well applicable and was therefore selected. As a comparative measuring 
method the interception method with a headband as a sampler was used.  
 
Parallel to the selected methods, an in-situ method should also be applied. The best 
studied and described method for in-situ measurement is the fluorescence method, i.e. 
the use of a fluorescent marker with subsequent optical analysis and quantification of 
the mass (and area) of the marker on the skin. This method is well-known for many 
years. The first referencing is from Fenske et al. (Fenske et al., 1986). In the following 
Cherrie et al. (Cherrie et al., 2000) and Roff et al. (Roff, 1997; Roff et al., 2001; Roff et 
al., 2004, 2004) developed the method further. 22 other relevant publications are listed 
in Annex I, part 2. 
 
3.2.4 Substance selection 
 
Material properties, such as solubility and viscosity, but also dustiness in solids in 
combination with the activity have a considerable influence on the release of the 
substance and play a major role in dermal exposure for the user. 
 
As described above, in the publication of Gorman Ng et al. (Gorman Ng et al., 2012) 
low and high viscosity liquids as well as dusty and non dusty substances were 
investigated. It was found that both, viscosity and dustiness had an effect on dermal 
exposures. For liquids higher viscosity lead to higher dermal exposure by the 
immersion pathway but lower exposures by deposition, while no significant difference 
was found for exposures from surface contact. For solids the dustiness did not show 
an effect for the immersion pathway but in case of surface transfer and the deposition 
pathway the dustiest substance lead to highest dermal exposure followed by the 
medium and the least dusty solid. 
 
Since the different material properties (viscosity, dustiness) affect the dermal 
exposure, SysDEA also had to take these factors into account. Furthermore, the 
majority of reliable data on dermal exposures to chemicals has been obtained for 
chemicals in liquid form, particularly agricultural pesticides, therefore a dusty powder 
substance was also investigated.  
 
Substances with a high vapour pressure are not considered in the context of this 
project because of the findings from the literature review, as this substance property 
has an effect on inhalation exposure and suitable measurement methods for dermal 
exposures are not available or are only being tested (Cohen et al., 1989; Lindsay, 2003 
and 2006; Olsen, 2011; Creta et al., 2017). 
 
The following three groups were therefore taken into account when selecting the 
substances used:  

- Solids (dusty),  
- Liquid (high viscosity),  
- Liquid (low viscosity).  
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In order to be able to combine interception and/or removal measurement methods with 
an in situ measurement method, a fluorescent tracer substance was chosen as the 
substance of choice for all the experiments. Choosing one substance also enables a 
more direct comparison with the different types of products to be included (a dusty 
solid and a high and low viscosity liquid). Based on these results Tinopal SWN was 
chosen as the tracer substance to be used during all experiments. For the experiments 
with the solid, Tinopal was used in pure form as received.  
 
In case of the liquid solutions, 2% w/w solutions of tinopal in water-glycerol mixtures 
were made with use Triton-X (non-ionic surfactant) to achieve solubility of Tionopal.  
Low viscous solutions were made of 4 g Tinopal SWN, 200 mL acetone, 40 mL Triton-
X, 400 mL glycerol, and 1360 mL H2O. The obtained viscosity was 16.8±1.2 mPa∙s 
(about the viscosity of cream or antifreeze/ethylene glycol).  
High viscous solutions were made of 4 g Tinopal SWN, 200 mL acetone, 40 mL Triton-
X, 800 mL glycerol, and 960 mL H2O. The viscosity obtained was 313.4±10.5 mPa∙s 
(about the viscosity of motor oil or castor oil).  
 
In summary the studied exposure situations have focussed on the tasks dumping, 
pouring, rolling, spraying, dipping and handling of contaminated objects. The dermal 
exposure methods which were compared are for body exposure the patch method 
versus whole body dosimetry (WBD) using coveralls, for hand exposure the glove 
method versus the handwash method, and for the head exposure wiping versus 
headband. Regarding substance properties, low and high viscosity liquids and a dusty 
powder were used. 
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Table 3.1 Overview of the general experimental design 
 

Specific task Product 
Dermal exposure measurement methods 

Body Hands Head Fluores-
cence 

Dumping  Dusty solid 
Cotton coverall  Cotton Gloves Cotton Headband Yes 
Cotton patches Wash Wipe Yes 

Pouring  

Liquid – low 
viscosity 

Tyvek coverall Cotton Gloves Cotton Headband Yes 
Tyvek patches Wash Wipe Yes 

Liquid - high 
viscosity 

Tyvek coverall Cotton Gloves Cotton Headband Yes 
Tyvek patches Wash Wipe Yes 

Rolling 

Liquid - low 
viscosity 

Tyvek coverall Cotton Gloves  Cotton Headband Yes 
Tyvek patches Wash Wipe Yes 

Liquid - high 
viscosity 

Tyvek coverall Cotton Gloves Cotton Headband Yes 
Tyvek patches Wash Wipe Yes 

Surface spraying 

Liquid - low 
viscosity 

Tyvek coverall Cotton Gloves Cotton Headband Yes 
Tyvek patches Wash Wipe Yes 

Liquid - high 
viscosity 

Tyvek coverall Cotton Gloves Cotton Headband Yes 
Tyvek patches Wash Wipe Yes 

Manually 
immersing/ 
dipping 

Liquid - low 
viscosity 

Tyvek coverall Cotton Gloves Cotton Headband Yes 

Tyvek patches Wash Wipe Yes 
Liquid - high 
viscosity 

Tyvek coverall Cotton Gloves Cotton Headband Yes 
Tyvek patches Wash Wipe Yes 

Handling 
contaminated 
objects 

Dusty solid 
Cotton coverall Cotton Gloves Cotton Headband Yes 

Cotton patches Wash Wipe Yes 
 
This design leads to a total of 320 individual experiments, in which body, hand and 
head exposure are included.  
 
 
3.3 Short summary of the Experiments 
 
Within the project, different measurement methods for dermal exposure at the 
workplace were compared. During the experiments, two sets of different methods were 
combined:  

• Whole body dosimetry (WBD) / headband / glove method versus 
• Patch method / wiping (forehead) / handwash method, as well as a  
• Fluorescence method (for both experimental setups) 

 
As different measurement methods were applied to different body parts, the analysis 
of the data was differentiated accordingly for: 

• Hands 
• Body  
• Head 
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The experiments covered a range of different tasks in the investigated exposure 
situations, namely:  

• A: Transfer 
• B: Spreading 
• C: Spraying 
• D: Immersion / dipping 
• E: Handling of contaminated objects 

 
In addition, different test substances were used: 

• Low viscous liquid (LV) 
• High viscous liquid (HV) 
• Dusty powder (powder) 

 
The experiments (exposure situations) were carried out by four volunteers who 
performed each experiment four times each for the two sets of different measurement 
methods, leading to a total of 320 individual experiments. It is important to note that 
the volunteers were not professional workers with any kind of experience in performing 
the tasks. The experiments were carried out under standardized conditions in test 
chambers following detailed protocols to increase reproducibility and reduce variability. 
The following Table 3.2 summarizes the experiments. 
 
Table 3.2  Investigated exposure situations with the respective test substances and 

test parameters taken into account in the experimental set-up. 
 
Task 
group 

Exposure 
situation 
(task and 
substance 
type) 

Specific 
task  

Key 
parameter(s) 

Experimental set-up 

A:  
Transfer  

A1:  
Dusty solid 

Dumping  Amount used, 
dropping 
height 

Amount used (1 kg, six repetitive 
dumpings). From 20 L capacity bin 
at table (50 cm height) into another 
20 L capacity bin at other table (50 
cm height). Distance between tables 
is 100 cm and dumping height is 
approximately 15-25 cm above rim 
(opening)  

A2:  
Liquid - low 
viscosity 

Pouring  Amount used, 
container size 

Amount used (10 L). Manual 
pouring from small neck container 
via 1 L jug in vessel on another 
work bench. Average work bench 
height (100 cm) and distance 
between work benches is 300 cm. 

 A3:  
Liquid - 
high 
viscosity 

Pouring Amount used, 
container size 

Amount used (10 L). Manual 
pouring from small neck container 
via 1 L jug in vessel on another 
work bench. Average work bench 
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height (100 cm) and distance 
between work benches is 300 cm. 

B: 
Spreading 

B1:  
Liquid - low 
viscosity 

Rolling Use rate, 
surface area 
treated, 
direction 
application 

Rolling flat surface (both sides of 
door; 3.5 m2) up- and downward 
directions, fixed use rate 

 B2:  
Liquid - 
high 
viscosity 

Rolling Use rate, 
surface area 
treated, 
direction 
application 

Rolling flat surface (both sides of 
door; 3.5 m2) up- and downward 
directions, fixed use rate 

C: 
Spraying  

C1:  
Liquid – 
low 
viscosity  

Surface 
spraying 

Spray 
technique, 
spray 
direction(s), 
surface, 
surface area  

Spray pressure, smooth surface - 
both sides of door; 3.5 m2; up- and 
downward directions  

 C2:  
Liquid – 
high 
viscosity  

Surface 
spraying 

Spray 
technique, 
spray 
direction(s), 
surface, 
surface area  

Spray pressure, smooth surface - 
both sides of door; 3.5 m2; up- and 
downward directions  

D: 
Immersion 
/ dipping 

D1:  
Liquid - low 
viscosity 

Manually 
handling 
of 
immersed 
objects 

Number of 
objects 
handled; 
object size 

Smooth immersed object surface; 
average number of pieces handled 
(15x); high surface contamination 
level; medium sized objects  

 
D2:  
Liquid – 
high 
viscosity 

Manually 
handling 
of 
immersed 
objects 

Number of 
objects 
handled; 
object size 

Smooth immersed object surface; 
average number of pieces handled 
(15x); high surface contamination 
level; medium sized objects 

E:  
Handling of 
contaminat
ed objects 

E: 
Dusty solid 

Handling 
contamin
ated 
objects 

Number of 
objects 
handled; 
object size 

Smooth immersed object surface; 
average number of pieces handled 
(12x); high surface contamination 
level; medium sized objects  
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4 Comprehensive analysis of the measured data 
 
The basic results obtained in the experimental part of the project are summarised in 
chapter 7.5.1 of part 1 of the final report. In this section, a more comprehensive 
analysis of the data will be presented. 
 
 
4.1 Literature comparing dermal measurement methods 
 
The extent of dermal exposure is differently covered by the described methods, and 
the known methods differ significantly from one another.  
 
The use of patches, coveralls for whole body dosimetry (WBD) and glove sampling are 
interception techniques, which collect all material deposited in a given time on a given 
area. It is important to consider that the collection capacities of interception material 
are often higher than the adsorption capacity of the skin.  
 
Wipe, handwash (rinsing) and tape-strip sampling are solvent-based removal 
techniques. These sampling methods are applied after a certain exposure duration and 
measure the remaining mass on a given area; the equilibrium between deposition and 
desorption or absorption is not artificially altered.  
 
In situ methods, such as photographing UV-active contaminants on the body under 
UV-light, also “measure”, in principle, the remaining amount on the skin or clothing 
after a given exposure duration. The pattern of exposure can be immediately 
recognized. Additionally, in situ techniques can be used to measure the time 
dependency of exposure. Without a sophisticated quantification strategy, they give no 
quantitative information on the dermal exposure. In general, the fluorescent or dye 
substances could also be used in combination with the interception or removal 
techniques.  
 
The advantages and disadvantages of the measurement methods used in SysDEA are 
described in detail in BAuA Research project F 2349 (see chapter 8.1 in the final report 
of TNO/BPI (Franken, 2019)). 
 
Only a few studies that compare sampling techniques with different approaches could 
be found in the scientific literature. 
 
A procedure described in the literature to compare different dermal measurement 
methods is the simultaneous measurement at real workplaces (Väänänen et al., 2005; 
Cavallari et al., 2012). In addition, measurements of comparable work activities on 
different days at real workplaces were also investigated (Tannahill et al., 1996; 
Brouwer et al., 1998; Fenske et al., 1999; Thomasen et al., 2011; Marquart et al., 
2017). Another possibility for comparison is to carry out comparative measurements in 
a controlled experimental setup (see Chapter 3.1). Here, two measuring methods can 
be used simultaneously and in parallel (Crook et al., 2007; Gorman Ng et al., 2014), or 
the same activity can be investigated successively under repeatable conditions with 
different methods (Roff et al., 2001). 
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Comparisons of different measurement methods at real workplaces have the 
disadvantage of a greater variation of the workplace situation, i.e. the conditions can 
change strongly from day to day and the exposure levels vary accordingly. For a 
comparison of different measurement techniques, however, a small variation of the 
measured exposure levels is crucial with regard to the final data evaluation. Therefore, 
for the SysDEA project the artificial experimental setup was chosen, in which different 
tasks have been investigated in respective exposure situations under highly 
standardized and thus well repeatable conditions. 
 
Within the scope of the carried out literature search, publications which described only 
the development and optimisation of dermal measuring methods were also collected. 
There are no given standard procedures for measurement of dermal exposure, as it 
has been established for decades for measuring inhalation exposure. Therefore, in 
each case a method has to be developed for the substance of interest, taking into 
account the recovery from the sampling medium, the suitable analytic method and the 
workplace circumstances. Furthermore, for example, the sampling medium plays a big 
role, which patch (Tyvek or cotton) is suitable for the substance or which wipe medium 
should be chosen for measurement by wiping. These comparisons are often described 
in the literature. However, these considerations are not entered in this report further. 
In the literature overview in Annex 1, part 2 the literature is listed accordingly. 
 
The following section briefly presents some literature studies that deal with comparison 
of measurement methods. First, a description of the controlled experimental studies 
follows: 
 
In Gorman Ng et al. (Gorman Ng et al., 2012; Gorman Ng et al., 2013, 2014) three 
commonly used sampling methods (i.e., skin wipes, skin rinses and gloves) were 
compared in controlled simulated side-by-side experiments (left and right hands) 
(details see chapter 3.1). Volunteers hands were exposed to liquid solutions and three 
different powders. The authors found that the wipe and the rinse methods for powders 
gave similar results for Epsom salt and zinc oxide (not for calcium actetate). The 
efficiency of the two sampling methods varied by powder properties (dustiness, 
solubility or other). While rinsing was better for the granular powder, wipes were more 
efficient for the fine and soluble powder. Differences were seen when comparing the 
glove and wipe sampling methods for glycerol solutions, as gloves resulted in 
significantly higher exposures compared to wiping. The difference between the two 
methods (glove – wipe) was even greater at lower exposure levels. Further findings of 
this study were that both viscosity and dustiness had an effect on dermal exposure. 
On a finger immersed in liquids, higher exposure was measured when the viscosity of 
the liquid was high, however, this result was not seen when a liquid with lower viscosity 
was tested. For solids, the dustiness did not show an effect in immersion experiments, 
but for surface transfer the dustiest substance lead to highest dermal exposure. This 
trend was also observed in deposition experiments. This study was also carried out to 
investigate the possibility of developing conversion factors for different dermal 
exposure measurement methods. The results showed that wipe and rinse methods 
may be directly comparable, but the relationship between gloves and wipe sampling 
methods appears to be complex. It was concluded that it may not be possible to use a 
simple conversion factor to make glove and wipe measurements of liquids directly 
comparable. 
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The Health and Safety Laboratory, UK (HSL) (Crook et al., 2007) conducted also a study 
with volunteers at handling (shovelling) a number of powdered minerals that allowed 
the cross comparison of various methods. The sampling systems compared included: 
suits (Tyvek), patches, tape strips, wipes, cotton gloves, bag washes and in-situ PXRF 
(X-ray fluorescence) measurements. All samplers were simultaneously located on 
each volunteer. During the carried out task and between each experiment the sampler 
location was changed to produce a sufficient number of exposure data for each type 
of sampler. Significant differences were found in the collection capacity for dust of the 
different types of samplers used. On average, gloves sampled three times higher 
amounts of dust than bag washes and 6.6 times higher than tape strips. The 
comparison between wipes and tape strips showed that wipes sampled less. In 
comparison with the tape strips, the pieces of material that were cut from the suit 
(Tyvek) under sampled considerably. The in-situ PXRF analysis of dust exposure on 
the suits proved to be a useful method for visualising the locations of higher dust 
exposure areas. The identification of these locations of high exposure to dust occurring 
in the field may be used to introduce changes in the application technique or 
engineering controls to protect workers. This information could also be helpful for 
selection of the dermal measurement method.  
 
Roff (Roff et al., 2001) compared fluorescence monitoring of a tracer dye and rinsing 
a tracer salt from the skin. Several controlled simulated operator exposure studies of 
small-scale tasks, like surface and air spraying (trigger, pumped sprayer) and 
overhead painting and spraying in a cellar were carried out. Wherever possible, two 
methods were used in parallel. The study authors concluded that washing of a water-
soluble tracer from the skin correlates well with the in-situ fluorescence measurement 
method for skin contaminations in the range of 10-1000 mg of formulation.  
 
Next follows a description of field studies at workplaces: 
Väänänen (Väänänen et al., 2005) and Cavalleri (Cavallari et al., 2012) described two 
different methods for determining the hand exposure to Polycyclic Aromatic 
Hydrocarbons (PAHs) at eight asphalt paving sites. The contamination of the road 
pavers’ hands was sampled by handwash before and after the work shift, by pads 
(Väänänen et al., 2005) or a passive organic dermal (POD) sampler (Cavallari et al., 
2012) on wrists during the shift. The results showed a good correlation between the 
measured concentrations by using handwash and pad or POD method, respectively. 
 
Brouwer (Brouwer et al., 1998) described a field study in a glass fibre reinforced resin 
pipes factory where workers were monitored to 4,4’-methylene dianiline (MDA). Dermal 
exposure of the hands and forearms was assessed during week one by cotton glove 
monitoring and during week two by handwash. The average daily glove and handwash 
monitoring results show no significant differences, but large variances within all 
workers between the days. In conclusion, both dermal exposure monitoring methods 
were found applicable and showed a comparable performance where relevant 
exposure is mainly restricted to the hands. 
 
In a field study by Fenske (Fenske et al., 1999), dermal hand exposure of apple 
thinners was measured by using three different methods (glove, handwash, and wipe). 
The methods showed substantially different exposure results. The mean measured 
glove exposure rate (6.48 mg/hr) was 3.5-fold higher than the handwash rate, and the 
handwash estimate was 6.5-fold higher than the wipe rate. Whereas the wipe method 
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produced a 23 fold lower value against the glove method. The study illustrates the 
problems of comparability in the use of hand exposure assessment techniques. 
 
A further hand exposure study described the development of a sampling patch to 
measure dermal exposure to monomeric and polymeric 1,6-hexamethylene 
diisocyante (HDI) (Thomasen et al., 2011) and the comparison of impregnated and 
non-impregnated patches with the tape-strip method by monitoring three spray 
painters in a pilot study. Overall, tape strips of exposed skin measured lower levels of 
HDI than impregnated patches at the same sampling site on the skin. 
 
Only one study was found which compared body exposure by using the patch method 
and the whole body method (coverall) in field investigations (pest control, timber 
treatment and antifouling) of spray applications (Tannahill et al., 1996). The range of 
measured dermal exposures was large. In pest control and the timber treatment 
sectors, the patch method overestimated the dermal exposure by, on average, a factor 
of two compared to the whole body method. This was in contrast to the antifouling paint 
sector where the patch method underestimated the dermal exposure. The overall 
finding was that the accuracy of the patch method increases according to the number 
of patches included in the assessment. In general, the patch method has been shown 
to be an acceptable method for estimating potential dermal exposure. However, where 
a more accurate measurement is required, the authors recommend that a change of 
approach may be necessary. For example, the authors suggested that in the case of 
the front torso better agreement between the two methods could have been achieved, 
if the patch had been placed at the centre of the torso rather than to the side, or if it 
had been supplemented by a second patch, or if the size of the patch had been 
increased, e.g. by having a long, thin patch running vertically down the middle of the 
torso.  
 
To validate the dermal exposure model in ECETOC TRA, Marquart (Marquart et al., 
2017) reviewed existing dermal exposure measurements in 35 publications. In the 
majority of the studies, the exposure of hands was measured. Only two studies 
investigated body exposure measured with patches and suits (coverall). The results 
varied largely between and within studies and between different experiments, 
illustrating the difficulty of comparison of dermal measurement methods in general. 
The conclusion from the authors were that both, the exposure levels and the ratios 
between model estimate and exposure levels appeared to be influenced by the 
sampling method used. In the analysis of the measured values it was found that the 
75th percentiles of measured values sampled with an interception method (gloves, 
patches) were, on average, a factor of 6 higher than those of values sampled using a 
removal method (handwash, wipe, tape-strip). This information suggests that 
interception methods probably overestimate real exposure levels, but the available 
information was not sufficient to allow the derivation of a simple multiplier between the 
two principles of sampling. 
 
In summary, it is not possible to make a general statement on the suitability of a 
particular dermal measurement method based on the available studies. As clear 
differences were found depending on the measurement method, the activities 
investigated and the substances. Furthermore, it is not possible to define general 
conversion factors for the methods compared.  
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4.2 SysDEA: Evaluation of experimental design and 
representativeness 

 
For the SysDEA project, the measurements were performed in strict compliance with 
detailed Standard Operating Procedures (SOP). The experiments were designed in a 
way to reduce cross-contaminations to a minimum, e.g. by transfer of contaminants 
from one surface to another, and accidental / unintended exposures, e.g. by touching 
of surfaces other than the equipment. To achieve this, all possible exposure relevant 
influences were controlled as much as possible. This included volunteer behaviour 
(e.g. distance between volunteer and wall, spray pattern, drop height or number of 
hands used) as well as experimental and environmental setup. Examples are the 
control of, e.g., container size, distance between two tables, fill height, number of 
iterations of the task performed during an individual repetition of the exposure situation, 
or ventilation. A pilot phase preceded the actual measurements in order to identify 
potential problems and to adapt the SOPs accordingly. Additionally, the volunteers 
were trained in advance of each measurement situation. The experimental setups thus 
were designed to yield standardized and reproducible measurements and not to best 
represent “real-life” workplace environments. 
 
Figure 4.1 and Figure 4.2 display the exposure measured on the different dosimeters 
(gloves, hands, coveralls and patches) in relation to the date when the experiment was 
conducted. The different exposure situations are colour coded and the different 
volunteers are highlighted by different symbols. Experiments that belong to the same 
exposure situation and that are performed by the same volunteer are connected by 
lines. Taking into account all exposure situations and volunteers, no clear downward 
trend can be observed. An exception may be exposure situation “A1 Dumping powder”, 
where a downward trend is visible for most volunteers on most dosimeters. For some 
exposure situations, downward trends may also be present for specific volunteers, e.g. 
for exposure situation “B1 Rolling LV liquid” and volunteer 4. However, overall the 
volunteers did not show substantial “training effects” or “learning effects” when 
performing the same experiment repeatedly as no common trend is apparent in Figure 
4.1 and Figure 4.2. 
 
Additionally, Figure 4.1 and Figure 4.2 show no general differences between exposure 
ranges within and between volunteers. For some exposure situations and sampling 
methods both within- and between-volunteer exposure ranges seem to be minor, 
meaning less than one order of magnitude. An example is sampling with gloves for 
exposure situation “D1 Immersion in LV liquid”. For others, exposure ranges both 
within and between volunteers may reach one order of magnitude or, in the most 
extreme case, also two orders of magnitude (sampling with gloves during “B1 Rolling 
LV liquid”). With regard to the sampling method only, glove sampling results in slightly 
lower exposure ranges within and between volunteers for some but not all exposure 
situations. Examples are “C1 Spraying LV liquid”, “D1 Immersion in LV liquid” and “D2 
Immersion in HV liquid”. In general, slightly larger exposure ranges for within and 
between volunteers is observed for body sampling methods compared to hand 
sampling methods. 
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Figure 4.1  Measured hand exposure (in µl in-use product) sampled with a) gloves 

or b) by handwashing for different exposure situations (colours) and 
volunteers (symbols). 
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Figure 4.2  Measured body exposure (in µl in-use product) sampled with a) whole 

body dosimetry (WBD) or b) patches (extrapolated to coverall area) for 
different exposure situations (colours) and volunteers (symbols). 

 
The experimental setups were designed to restrict the exposure situations to the pure 
tasks only. This went as far as the assistance personnel taking over any subsidiary 
activities related to the task such as filling of the paint tray or regulating the pressure 
of the spray gun. 
 
In the following, the relevant dermal mass transfer processes that dominated the 
different SysDEA exposure situations are analysed in more detail. Therefore, the 
classification scheme according to Schneider et al., (Schneider et al., 1999) is used. 

https://www.dict.cc/englisch-deutsch/subsidiary.html
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For dermal exposure, these authors defined eight mass transport processes: emission, 
deposition, resuspension or evaporation, transfer, removal, redistribution, 
decontamination, penetration and permeation. 
 
According to the Schneider et al., (Schneider et al., 1999) classification scheme, the 
SysDEA body exposure most likely stem from deposition of solid and liquid aerosol on 
the body surface and emission of substances, e.g., by splashing onto the body. Severe 
redistribution of substances across the various body sections and between the body 
and surfaces in the room would have complicated the comparability between 
measurement repetitions and thus the experimental setups were designed to minimize 
that dermal mass transport processes. For example, the room and the equipment were 
cleaned scrupulously before each individual experiment to suppress cross-
contamination between the experiments. 
 
In addition to the mass transport processes identified for body exposure, transfer 
mostly likely plays a role for exposure to the hands. For the exposure situations 
involving liquids, the hands were in contact to potentially contaminated equipment, 
e.g., the vessel during decanting, the spray gun, the short-handle roller or the metal 
cylinders used in immersion experiments. For exposure situation “A1 Dumping 
powder”, transfer to the hands may not be of major relevance as the solid material may 
not have largely adhered to the outside walls of the vessel. The remaining mass 
transport processes resuspension or evaporation, removal, decontamination and 
penetration and permeation are not of relevance for the SysDEA experiment setups. 
Table 4.1 lists the mass transport processes s identified for each SysDEA exposure 
situation. 
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Table 4.1  Dominant mass transport processes for body (B) and hand (H) exposure 
according to Schneider et al., (Schneider et al., 1999) for the different 
SysDEA exposure situations 

 
Exposure 
situation 

Description of exposure 
situation Deposition1 Transfer2 Emission3 Redistribution4 

A1 Dumping powder B, H     Redistribution 
was prevented 

as much as 
possible in the 
experimental 

setups of 
SysDEA 

A2 / A3 Pouring LV / HV liquid    H B, H 
B1 / B2 Rolling LV / HV liquid    H B, H 
C1 / C2 Spraying LV / HV liquid B, H  H   
D1 / D2 Immersion in LV / HV liquid   H B, H 

E 
Handling object 
contaminated with powder   B, H   

1 Deposition 
 

“Deposition of substances from the air to surfaces, outer clothing, and the 
skin contaminant layer.” (Schneider et al., 1999) 

2 Transfer 
 

“Transfer of substances by direct contact between surface, skin and outer 
respectively inner clothing contaminant layers in a direction towards the 
worker.” (Schneider et al., 1999) 

3 Emission 
 

“Emission of substances by splashing, spilling and ejection of particles into 
the air and onto surfaces, outer clothing, and skin contaminant layer.” 
(Schneider et al., 1999) 

4 Redistribution 
 

“Redistribution of substances between compartments of the same type, e.g. 
redistribution of contaminants from one part of the skin contaminant layer to 
another as a result of touching the face with contaminated fingers.” 
(Schneider et al., 1999) 

 
Dermal exposure measurements and, as a consequence, also dermal exposure 
modelling tend to focus on hand exposure only as these measurements are less 
complex. 
 
For the SysDEA study, Figure 4.3 displays the hand and body exposure as percentage 
of the total dermal exposure. Thus, the figure displays for which exposure situation 
hand or body exposure dominates the total dermal exposure. The figure shows that for 
exposure situations “A2 and A3 Pouring LV and HV liquid” hand exposure is dominant, 
e.g. for most repetitions hand exposure contributes to less than 10% to the total dermal 
exposure. On the other hand, body exposure dominates the dermal exposure (> 90% 
of total dermal exposure) for exposure situations “C1 and C2 Spraying LV and HV 
liquid”.  
 
For all other exposure situations, both median hand and body exposure contribute to 
10% or more to total dermal exposure. However, for the exposure situations “D1 and 
D2 Immersion in LV and HV liquid“ and “E Handling object contaminated with powder”, 
hand exposure nevertheless tends to be more significant. 
 
However, the SysDEA experimental setup was designed to suppress redistribution of 
substances. For real workplace situations, a more equal importance of hand and body 
exposure can be expected as contaminants may be transferred between hand and 
body, e.g. by touching the coverall with the hands. 
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In summary, the analysis indicates that hand and body exposure both contribute 
substantially to the total dermal exposure for most of the exposure situations 
investigated, although redistribution was minimized by the SysDEA experimental 
setup. 
 

 
 
Figure 4.3  Hand and body exposure as percentage of total dermal exposure 

(exposure extrapolated to body/hand surface area) 
 
Overall, the data is supportive in the way that our aims to only measure the initial 
exposure were largely successful. Given that dermal exposure often ranges over 
several orders of magnitude in real workplace measurements, the distribution of 
exposure levels measured for the same exposure situation was substantially narrowed 
in the SysDEA project. On the other hand, it must be kept in mind that for the same 
reason transfer and redistribution occurring at real workplaces is not well covered in 
these results.  
 
Although the range/distribution of exposure levels measured for a given exposure 
situation was narrowed in the SysDEA project, it was still greater than the differences 
between the measurement methods (Franken, 2019) as will be discussed in section 
4.4.2 and 4.5.2. For measurements at real workplaces the range of measured 
exposure values is expected to be even higher. That is because for the SysDEA 
experiments incidental influences such as differences in amounts of substance 
handled or size of the treated surfaces or contact to contaminated surfaces were 
reduced as much as possible. For the assessment of real workplaces, the 
measurement method is therefore likely to have only a minor influence on the result. 
 
Therefore, it is interesting how the SysDEA results compare to real workplace 
measurements. Thus, in the following we will exemplarily address whether the 
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measured SysDEA exposure values for hand and body exposure are comparable to 
values measured at real workplaces. 
Franken et al. (Franken, 2019) already exemplarily compared hand exposure values 
found in the SysDEA study to those reported in literature. They concluded that the 
hand exposure values found in the SysDEA study seemed “to be in line, or lower, 
compared to what was found in literature” (chapter 8.1.2.2 of (Franken, 2019)). 
Amongst others, observed deviations in part were explained by differences in the 
concentration of the product, the amount of product handled, the exposure duration or 
the exact execution of the tasks. All of these parameters were artificially controlled 
during the SysDEA experimental phase. 
 
To address this question further, we have made comparisons with data from several 
sources. On the one hand, we compare exposure levels measured in the SysDEA 
project with exposure estimates from the RISKOFDERM model (Warren et al., 2006). 
It should be noted that the model was developed on the basis of measurements that 
were performed at real workplaces. On the other hand, we compare exposure levels 
with values found in published studies. Table 4.2 gives an overview over the selected 
studies. For these comparisons, we focus on the reported exposure range as well as 
the 75th, 90th and 95th percentiles of the exposure distributions depending on which 
values are provided by the different sources. The latter statistical values are of interest 
as these are most commonly used for risk assessments. In Figure 4.5 to Figure 4.8 the 
percentiles are highlighted as different symbols whereas the exposure ranges are 
plotted as bars. Figure 4.5 present body exposure and Figure 4.7 hand exposure on a 
linear scale and Figure 4.6 and Figure 4.8 the same on a logarithmic scale. 
 
Table 4.2  Overview over literature studies selected for comparison 
 
Exposure 
situation Study Sampling medium 

A1 Agricultural Operator Exposure Model 
(AOEM); (Großkopf et al., 2013)1) 

Gloves, coverall 

A2 /  
A3 

Mixing and loading model 7; (TNsG, 
2002) 

Gloves, patches 

B1 
(Lingk et al., 2006)2) Gloves, coverall 
Consumer product painting model 3; 
(TNsG, 2002); (Garrod et al., 2000) 

Gloves, patches 

B2 
(Links et al., 2007); (ECHA, 2020) 

Gloves, coverall 

Consumer product painting model 4; 
(TNsG, 2002); (Garrod et al., 2000) 

Gloves, patches 

C1 Spraying Model 1; (TNsG, 2002)  Gloves, patches 
D1 /  
D2 (RISKOFERM, 2003) 3) Gloves, patches 

E n/a  
1) 10 measurements for LCHH_1 only (Großkopf et al., 2013) 
2) 16 measurements for water-based glaze (Lingk et al., 2006) 
3) 4 measurements for manual (small scale) dipping only (RISKOFERM, 2003) 
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Additionally, Table 4.2 gives an overview over the dermal sampling methods that were 
used in the different literature studies. For comparison, the SysDEA results for the 
corresponding sampling methods may be used. For the comparisons with the 
RISKOFDERM model output, the SysDEA results from the patch, WBD, glove and 
handwash methods are likewise relevant as there is no model specification available. 
Furthermore, to make the comparison as appropriate as possible, the SysDEA patch 
and handwash data was extrapolated to the corresponding body surface area whereas 
the WBD and glove data was extrapolated to the coverall or glove surface area 
respectively, as this is the way the data is usually treated in literature studies.  
 
Powder:  
The measured SysDEA exposure ranges displayed in Figure 4.5 to Figure 4.8 for 
exposure situation “A1 Dumping powder” partly or completely overlap both for hands 
and body when compared to RISKOFDERM outputs or the measurements laid out in 
the description of the Agricultural Operator Exposure Model (AOEM, (Großkopf et al., 
2013)). With regard to the percentiles, the RISKOFDERM hand data seems to be 
marginally lower and the AOEM hand and body data approximately a factor of 10 
higher. 
For exposure situation “E Handling object contaminated with powder” no 
corresponding RISKOFDERM scenario exists and no appropriate literature data was 
identified. 
 
Liquid: 
Both the RISKOFDERM model as well as the Mixing and Loading Model 7 (TNsG, 
2002) do not provide body exposure values for exposure situation “A2 and A3 Pouring 
LV and HV liquid”. That matches well with what was observed in the SysDEA 
experiments displayed in Figure 4.3. Namely, the exposure to the hands dominates 
the total dermal exposure. However, the hand exposure measured for SysDEA is 
several orders of magnitude higher compared to both, the corresponding 
RISKOFDERM model output and the Mixing and Loading Model 7 (TNsG, 2002). A 
possible reason for that might be the artificial experimental setup used in SysDEA for 
this situation. The experiment in question covered the opening of the glass bottle, 
pouring a part of the content into a smaller jug, transporting the jug to a receiving vessel 
on another table into which its content is poured and then transporting the jug back to 
the first table. The same procedure was repeated 5 times until the glass bottle was 
empty. Especially during filling the liquid from the jug into the receiving vessel each 
time some liquid ran down on the outer side of the jug as shown in Figure 4.4. As the 
contaminated jug was touched with both hands and was transported forth and back, 
the exposure to the hands was significant. At real workplaces, other jugs that do not 
tend to drip so strongly on the outside of the jug may have been used. 
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Figure 4.4  Dripping of product on the outside of the jug for exposure situation “A2 

Pouring LV liquid” 
 
For the exposure situation “B1 Rolling LV liquid”, in the SysDEA experiments the 
substance was rolled onto a surface. As no suitable data for rolling was available in 
the literature, the comparison is based on data for the similar task brushing.  
 
Figure 4.5 to Figure 4.8 indicate good agreement of hand and body exposure with the 
data from Lingk et al. (Lingk et al., 2006) and Consumer product painting model 3 
(Garrod et al., 2000; TNsG, 2002) for experiments with low viscosity liquid. For 
exposure situation “B2 Rolling HV liquid” the percentiles from literature (Links et al., 
2007; ECHA, 2020) and Consumer product painting model 4; (Garrod et al., 2000; 
TNsG, 2002) tend to be higher for body and hand exposure. Especially the lower 
values of the ranges measured during the SysDEA experiments are not reported in 
literature. The RISKOFDERM model provided even more conservative exposure 
values for hand and body compared to the literature data presented for low and high 
viscosity liquids. 
 
For exposure situation “C1 and C2 Spraying LV and HV liquid” both the RISKOFDERM 
model as well as the Spraying Model 1 (TNsG, 2002) are mostly higher compared to 
the measured SysDEA exposures for both hands and body, regardless of which 
percentile is chosen. That may again be attributed to the very specific SysDEA 
experimental setup, where contact to contaminated surfaces and objects was reduced 
as much as possible. On the other hand, Spraying Model 1 (TNsG, 2002) contains 
data from applying product at 1 to 3 bar pressure as a coarse or medium spray, indoors 
and outdoors, overhead and downwards which does not represent the SysDEA spray 
situation well. 
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Finally, for exposure situation “D1 and D2 Immersion in LV and HV liquid”, Figure 4.5 
to Figure 4.8 indicate good agreement between body exposure measured for the 
SysDEA project compared to the RISKOFDERM model output or literature 
(RISKOFERM, 2003). On the contrary, the maximum hand exposure observed in 
SysDEA is lower compared to values reported in literature or to the 90th percentile of 
the RISKOFDERM model output. Additionally, the distribution of SysDEA exposure 
values is smaller compared to literature values. 
 
Overall, the comparisons show that the measured exposure values in absolute terms 
do not compare well with exposure values reported elsewhere for “A2 and A3 Pouring 
LV and HV liquid” and “C1 and C2 Spraying LV and HV liquid”. However, the qualitative 
distribution of exposure to hand and body (Hand to body ratio) is reproduced with the 
SysDEA experiment setup. The literature data, the RISKOFDERM model and the 
SysDEA project all show that when pouring liquids, the exposure to hands dominates 
the total dermal exposure. For spraying, both exposure to hands and body seems to 
be relevant whereas in absolute terms more product was reported on the body 
compared to the hands in literature, a finding that was also seen during the SysDEA 
experiments. 
 
For manually handling objects immersed in liquid, the SysDEA body exposure 
compared well with values reported in the literature as well as with the RISKOFDERM 
model output. For hand exposure, the observed variability in exposure levels is smaller 
and the values are comparable to the lower end of the model and literature values. 
 
For rolling, the SysDEA data compares well with the evaluated literature data for low 
viscosity liquids and show a tendency towards lower values for high viscosity liquids. 
For this task, the RISKOFDERM model provided exposure estimates that were even 
more conservative than the literature data. 
 
For dumping of powder, the literature data, the SysDEA data and the RISKOFDERM 
model delivered consistent results.  
 
For handling of contaminated objects, no data for comparison could be identified. 
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Figure 4.5  Comparison of measured body exposure to RISKOFDERM model (Warren et al., 2006) output and literature data (linear 

scale) 
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Figure 4.6  Comparison of measured body exposure to RISKOFDERM model (Warren et al., 2006) output and literature data 

(logarithmic scale) 



45 

 

 
 

 
Figure 4.7  Comparison of measured hand exposure to RISKOFDERM model (Warren et al., 2006) output and literature data (linear 

scale) 
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Figure 4.8  Comparison of measured hand exposure to RISKOFDERM model (Warren et al., 2006) output and literature data 

(logarithmic scale)
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4.3 Samples measured below LOQ 
 
During the SysDEA project, a total of 4000 samples was analysed. On 244, i.e., 6.1%, 
of the samples, amounts of substance below the defined limits of detection have been 
found. As was described in chapter 4.4 of part 1 of the SysDEA report (Franken, 2019) 
two different LOQ values have been derived for each measurement method. The 
“analytical LOQ” values were determined based on the ability of the HPLC to generate 
clear and quantifiable peaks of the analyte Tinopal SWN, which eventually formed the 
calibrated range for the HPLC analysis. This limit was determined to be 0.001 µg/ml of 
prepared analytical solution. However, this resulted in different detection limits for 
different samples, because the amounts of solvent used for extraction varied for the 
various samples. In addition, the volume of the analytical solutions injected into the 
HPLC was adjusted in some samples, which likewise alters the practical detection 
limits for the individual samples. The “method LOQ” values on the other hand refer to 
the amounts of substance on the various samples for which acceptable recovery rates 
have been demonstrated experimentally. These are about 0.1 µg/sample for gloves 
and wipes, and 0.0001 µg/cm² for Tyvek and cotton fabrics used in coveralls, patches 
and headbands. Consequently, some samples are below the analytical LOQ, because 
the received peaks in the HPLC were below the calibrated range. Some samples were 
below the method LOQ, i.e., the amount detected on the sampler was outside the 
range of demonstrably acceptable recovery rates. Finally, some samples were 
determined below both, analytical and method LOQ.  
 
For body exposure, these data show that in cases where low exposures are expected 
relative to the analytical quantification limits, WBD might be superior, because higher 
total amounts are collected on coverall segments compared to patches, eventually 
producing fewer samples below the analytical LOQ. In this respect, it should be noted 
that recovery rates for lower amounts have not been determined experimentally in 
SysDEA and thus acceptable recoveries may have been possible even for these 
samples. In addition, lower recovery rates can often be addressed by applying 
respective correction factors.  
 
Table 4.3 shows the numbers of samples that have been determined below either or 
both LOQs. For the statistical analysis, for each of these values the lower of the two 
LOQs was determined, and finally half of this value was considered. 
 
Table 4.3 Overview of samples determined below analytical LOQ or method LOQ 
 
 Gloves Handwash WBD Patches Headband Wipes 
<LOQ: analytic 0 0 0 134 7 1 
<LOQ: recovery 0 0 61 0 0 4 
<LOQ: both 0 0 22 0 10 5 
Sum  0 0 83 134 17 10 
Total number of samples 
investigated 320 160 1600 1600 160 160 
Fraction < LOQ 0% 0% 5% 8% 11% 6% 
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4.4 Hand exposure 
 
4.4.1 Findings from the literature 
 
As discussed in more detail in chapter 4.1, a couple of studies have compared 
sampling with interception and removal methods, usually employing gloves and wipes 
(Brouwer et al., 1999; Fenske et al., 1999; Gorman Ng et al., 2013; Galea et al., 2014; 
Gorman Ng et al., 2014), and generally it was found that interception methods measure 
higher exposures than the removal methods. The explanations for the observed 
differences usually focus on the different properties of the sampling media, i.e., of the 
glove material (usually cotton) and the skin. Above all, it is the higher sampling capacity 
of cotton compared to the skin which was highlighted in various publications. 
Differences between the absorption rates and carrying capacity of sampling media and 
the skin are assumed to contribute significantly to the differences between interception 
and removal methods for all substances. 
 
In SysDEA, the substance was removed from the skin by handwashing, rather than 
with wipes, but as handwashing and wipes both employ the same “sampling medium” 
skin, we assume that the arguments discussed in these publications for wipes might 
also apply to the experiments performed in SysDEA.  
The differences between the methods found in SysDEA are lower than in most other 
publications, and similar to those reported by Galea et al. (Galea et al., 2014), who 
compared gloves and wipes used for investigation of exposure to drilling fluids and 
crude oil resulting from transfer from contaminated metal plates. In these experiments, 
it was found that the cotton glove sampler captured more of the investigated 
substances from a contaminated metal surface than the pig trotters used a surrogate 
for the human skin in these experiments.  
 
Gorman Ng et al. (Gorman Ng et al., 2014) have compared exposures measured with 
cotton gloves and wiping, which resulted from immersion and from deposition of liquids 
in deposition chambers (please note that in this publication the term immersion refers 
to dipping the index fingers into solutions, while in SysDEA immersion refers to dipping 
an object into a liquid). These experiments have been performed with liquids of 
different viscosities. It was found that exposure from deposition decreased with 
increasing viscosity. For immersion, exposure measured with wipes increased with 
increasing viscosities, but this trend was not seen in measurements using gloves. For 
the immersion experiments, the ratios between glove and wipe measurements were 
between 1.3 and 10, but for the deposition experiments much higher ratios of 42 to 53 
have been reported. The authors have concluded that with regard to exposures to 
liquids, the relationship between removal and interception methods is complex, varying 
with the level of exposure as well as with the exposure pathway, and that it is not 
possible to use a simple conversion factor to enable comparison between these 
methods. Experiments performed with powders in the same study have shown good 
comparability between two removal methods, wiping and rinsing. 
 
4.4.2 Overview of hand exposure measured in SysDEA 
 
In SysDEA, hand exposure was measured with gloves and by handwashing. For the 
glove method, both gloves worn during the investigated exposure situation have been 
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extracted separately with a solvent, which has then been analysed chemically. Thus, 
the analysis of the two solvent fractions indicates the absolute amount of the analysed 
substance found on each of the two gloves. For the handwash method, the substance 
to be analysed was directly washed from the skin into the solvent, which was then 
subjected to chemical analysis. Both hands have been washed together, resulting in 
only one solvent fraction, and one combined result for both hands. As for body 
exposure, a conversion to area concentrations is possible, but neither required nor 
common. Since both methods collect the entire amount of substance from the 
hands/gloves, the determined amount directly reflects the exposure level, without a 
need for extrapolation.  
 
Figure 4.9 shows the exposure levels on both hands determined with the two methods 
for all experiments. In most cases, exposure measured with gloves were higher than 
exposure measured by handwashing. The ratios between exposures measured with 
gloves and by handwashing are shown for various percentiles and mean values in 
Table 4.4. All ratios are within 0.17 and 10.6, the average across all experiments is 
2.5. Thus, exposures determined with both methods are mostly within the same order 
of magnitude and very similar to the ratios seen for comparison of the patch method 
with WBD. However, as gloves tend to result in slightly higher values than the 
handwash method, and as a conservative approach is desired in most cases, the glove 
method seems advantageous. 
 

 
 
Figure 4.9  Comparison of the glove method and the handwash method used for 

determination of hand exposure. The data shows the total amounts of 
product found on both hands. 
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Table 4.4  Ratios between exposures measured with gloves and exposures 
measured by handwashing. Ratios have been calculated based on the 
indicated percentile or mean values. 

 
Exposure 
situation min 25th median 75th 90th 95th max 

arithm. 
mean 

geom. 
mean 

All 1.40 1.85 2.48 3.04 1.55 1.35 5.26 2.20 1.96 
A1 1.40 0.89 1.06 1.22 1.21 1.32 1.41 1.22 1.11 
A2 3.50 1.94 1.54 2.01 1.80 2.94 5.26 2.48 2.01 
A3 1.28 1.01 0.91 1.11 1.27 1.15 1.13 1.06 1.04 
B1 1.00 5.80 5.68 6.60 10.57 4.82 2.00 4.56 4.60 
B2 0.65 1.58 1.15 2.09 2.26 1.49 1.20 1.59 1.47 
C1 1.22 1.46 2.00 1.09 0.42 0.27 0.17 0.67 1.10 
C2 1.24 1.42 1.70 1.48 0.85 0.86 0.92 1.14 1.31 
D1 9.93 2.58 3.18 3.93 2.74 2.63 2.79 3.21 3.50 
D2 8.57 3.99 3.56 3.43 3.47 3.34 2.60 3.62 3.89 
E 3.61 2.40 2.82 2.66 2.67 2.84 3.58 2.75 2.72 

 
Table 4.5 shows the value ranges of the hand exposures determined for the 10 
exposure situations conducted in SysDEA as well as the interquartile ratios. The 
breadth of the value ranges, expressed as the ratio between the maximal and minimal 
values determined, across all experiments is 8 548 for measurements with gloves, and 
2 271 for handwashing. Thus, all hand exposures seen in SysDEA are within four 
orders of magnitude. This range is about one order of magnitude broader than that of 
body exposures (see Table 4.8). However, within the exposure situations, the 
variations of the distributions are an average 41 for gloves and 28 for handwashing, 
which is very similar to the variations observed for body exposures. It is striking that 
the rolling experiments B2 and, in particular, B1 have a much broader range than all 
other experiments (Table 4.5). 
 
Overall, the differences between the sampling methods displayed in Table 4.4 (0.17 to 
10.57) are in the same order of magnitude as the IQRs shown in Table 4.5 (1.2 to 24 
in column 4 and 5), but in most cases substantially lower than the entire range of value 
ranges (difference between minimum and maximum). This means that the differences 
between the methods are minor compared to the ranges observed within the 
repetitions of the same exposure situation, from a scientific point of view. In addition, 
the comparison of SysDEA results with data from literature (see chapter 4.2) has 
indicated that variability at real workplaces is even larger. 
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Table 4.5  Breadth of value ranges (ratio between of min and max values) and 
interquartile ratio (IQR, ratio between 75th and 25th percentiles) for the 
experimental series performed.  

 

Exposure 
situation 

Breadth 
of range 
(gloves) 

Breadth of 
range 

(handwash) 
IQR 

(gloves) 
IQR 

(handwash) 
All 8548 2271 24 15 
A1 18 18 2.6 1.9 
A2 27 18 2.2 2.1 
A3 4.1 4.7 1.6 1.4 
B1 252 126 3.7 3.3 
B2 76 41 4.1 3.1 
C1 3.5 25 1.8 2.3 
C2 18 25 1.8 1.7 
D1 3.1 11 1.9 1.2 
D2 2.5 8.1 1.3 1.5 
E 2.6 2.6 1.5 1.3 
average 41 28 2.2 2.0 

 
4.4.3 Influence of the sampling media’s capacity 
 
As was mentioned above, differences between interception with cotton gloves and 
removal from the skin are often, at least partially, attributed to the sampling capacity of 
the sampling media, i.e., cotton gloves and the human skin. It seems comprehensible 
that cotton materials can generally retain larger amounts of substance than the human 
skin. However, it is not clear to what extent this effect will influence the exposure 
measured for actual working tasks or even for real workplace measurements. It should 
be noted that in the publications mentioned above very artificial laboratory experiments 
have been conducted, e.g., dipping a finger into a liquid. This is in contrast to the 
experiments carried out in SysDEA, which were likewise no real workplace 
measurements, but at least covered complete working tasks. 
 
If the sampling media’s capacity was the major reason for differences observed 
between the methods, these difference should strongly depend on the absolute 
amounts. For low exposure levels, only minor differences should be observable, 
because the sampling capacity of the skin is not exceeded. With increasing exposure 
levels, the limited sampling capacity of the skin should limit the amounts detectable by 
removal methods. For instance, larger droplets can just run off the skin, whereas they 
can be easily absorbed by cotton gloves. Thus, the differences between the two 
methods should increase with increasing exposure levels.  
 
In order to test this theory and to allow conclusions about the effect of the sampling 
capacity, all hand exposures measured with gloves (closed circles) have been ordered 
by size, regardless of the exposure situation, and the respective percentiles within the 
resulting distribution have been assigned to these values. The percentile indicates how 
many of all measurements fall below that value. The same was done with exposures 
measured by handwashing (open circles). The resulting distributions are shown in 
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Figure 4.10. The trend expected from the considerations above cannot be observed, 
i.e., the differences between both methods do not increase with increasing exposure 
levels. 
 

 
 
Figure 4.10  Comparison of hand exposures measured with gloves and by 

handwashing. The colours indicate the exposure situation in which the 
particular value was measured. All exposures measured with either 
method have been ordered by size, regardless of the exposure situation, 
and the respective percentiles within this distribution have been assigned 
to the x-axis.  

 
To allow a comparison within the investigated exposure situations, the order of the 
exposure levels obtained by handwashing was changed from that seen in Figure 4.10, 
so that exposure levels derived from the same exposure situation are assigned to the 
percentile value of the respective glove values. This allows to calculate the ratios 
between both methods for each percentile within an individual exposure situation. The 
result of this exercise is shown in Figure 4.11. This figure shows clearly distinguishable 
clusters of values. This includes the exposure levels, expressed by the percentiles on 
the x-axis, as well as the ratios between the two methods shown on the y-axis.  
 
Differences can be made out between the pouring scenarios A2 (pouring low viscosity 
liquids) and A3 (pouring high viscosity liquids). The low viscosity liquid here tends to 
higher exposure levels, and also to higher ratios between gloves and handwashing, 
while for the low viscosity liquid there is no difference between the methods. For the 
rolling scenarios, a similar situation is observed, the low viscosity liquid again results 
in higher exposures and in higher ratios between both sampling methods, while for the 
high viscosity liquid only minor differences are observed between the methods. For the 
spraying scenarios C1 and C2, gloves measure only slightly higher exposures than 
handwashing, and in contrast to pouring and rolling, it here is the low viscosity liquid 
that tends to higher exposures. For immersion, there is no difference between high and 
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low viscosity liquids, for both gloves measure about three times higher exposure than 
handwashing. Taken together, the experiments with liquids show a similar picture as 
described by Gorman Ng et al. (Gorman Ng et al., 2014) in that the comparability of 
the methods depends largely on the exposure pattern, or the task, respectively. 
However, a dependency of the methods comparability from the level of exposure 
cannot be confirmed based on our data.  
 
In SysDEA, tasks with powders have been conducted in two exposure situations, 
dumping (A1) and handling contaminated objects (E). The two methods compare 
differently in these two exposure situations. While the dumping task (A1) shows very 
low exposure levels, and almost identical values obtained from either method, for the 
handling task (E) the glove method results in about 3 times higher exposures than 
handwashing. This result agrees with the conclusion drawn by Brouwer et al. (Brouwer 
et al., 1999), who found that cotton gloves may measure higher exposures towards 
powders than removal methods. However, since only two exposure situations with 
powders have been studied in SysDEA, it is not justified to suggest a clear relation 
between the level of exposure and the comparability of the two methods studied here. 
 
As an overall conclusion, the following results regarding measurements of hand 
exposure can be stated based on the SysDEA results: 

• Both, the glove and the handwash method generally measure similar 
exposure levels, but the glove method tends to slightly to moderately higher 
results than the handwash method for some exposure situations.  

• The comparability of interception (here: gloves) and removal (here: 
handwash) methods is complex, and does depend more on the exposure 
pattern caused by the exposure situation than the level of exposure. 

• Exceedance of the sampling capacity is not the major reason for differences 
observed between the methods for exposure levels in the range of ca. 0.002 
to 5 µl/cm².1  

                                            
1 The exposure levels seen in SysDEA span from 0.0022 to 5.1 µl/cm² for handwashing and from 0.0024 to 20.8 µl/cm² 
for the glove method. However, the highest value might be an outlier and was thus excluded from this discussion, limiting 
the given statement to the second highest values of 4.9 and 3.49 µl/cm², respectively. 
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Figure 4.11  Comparison of hand exposures measured with gloves and by 

handwashing. The colours indicate the exposure situation in which the 
particular exposure was measured. Top: All exposures measured with 
gloves have been ordered by size and the respective percentiles have 
been assigned. Exposures measured by handwashing have been 
ordered by size within each exposure situation, and these exposures 
have then been assigned to the percentiles of exposures measured with 
gloves for the same series. Bottom: Based on the values shown in the 
top panel, for each percentile the ratio between the respective glove and 
handwash values has been calculated. The boxplot on the left displays 
the distribution of ratios across all experiments. 
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4.5 Body exposure 
 
4.5.1 Overview of body exposure measured in SysDEA 
 
Body exposure was measured by whole body dosimetry (WBD) using coveralls, and 
by sampling with patches. For the latter, 10 patches were applied (4 to the front sides 
of the upper and lower legs, 4 to the upper arms and forearms, and 2 to the front and 
backside of the torso). Thus, in this report the term “body exposure” will refer to these 
body sections only, not covering the feet, the head and face, and the hands. For WBD, 
after each experiment the coveralls were cut into 10 segments representing the same 
body sections as the patches. The surface areas of these coverall sections varied for 
the different sections, and for the two types of coveralls used, i.e. Tyvek for liquids and 
cotton for powders. An overview of the surface areas of the coverall sections, as well 
as the respective sections of the human body, is shown in Table 4.6. Each patch had 
a surface area of 100 cm². 
  
Table 4.6  Surface areas of the various coverall segments, the respective body 

sections, and the applied patches. The body surface areas have been 
taken from (Mangelsdorf et al., 2014), the surfaces of the coverall 
sections from chapter 7.3 of (Franken, 2019).  

 

Body section 

Coverall 
segment 
(Tyvek)  
[cm²] 

Coverall 
segment 
(cotton) 
[cm²] 

Body 
area 
[cm²] 

Patch 
[cm²] 

Upper arms left  2 088 1 185 1 455 100 
Upper arms right  2 088 1 185 1 455 100 
Forearms left  2 194 1 579 605 100 
Forearms right 2 194 1 579 605 100 
Torso front  9 825 5 709 3 550 100 
Torso back  7 841 4 927 3 550 100 
Upper legs left  4 027 2 785 1 910 100 
Upper legs right 4 027 2 785 1 910 100 
Lower legs left 4 929 3 169 1 190 100 
Lower legs right 4 929 3 169 1 190 100 
Sum 44 143 28 070 17 420 1 000 

 
The cut coverall sections and the patches have been extracted individually with a 
solvent, which has then been subjected to chemical analysis. From the analysis, the 
amount of the analysed substance (here: Tinopal SWN) found on the coverall section 
or patch has been determined. For whole body dosimetry, it is common to report these 
values. Alternatively, from these values the amounts of total “product” are sometimes 
calculated and shown as the final results. This was also done for the present report. 
Based on the reported amounts of substance or product found on the different coverall 
sections, the total (potential) dermal exposure towards any known ingredient of an 
applied product can easily be calculated and used for risk assessment. However, as 
the various coverall sections have different sizes, it is difficult to compare absolute 
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exposure levels found on different body parts based on such reported values. Even if 
the substance is evenly distributed over the body, a larger section will show a higher 
absolute exposure level. For comparison of different body sections, it is therefore 
advantageous to report the “area concentrations”, i.e., the determined amount divided 
by the surface area, expressed in [mass/cm²] or [volume/cm²]. However, when 
considering the exposure of the entire body, a decision must be made as to how the 
individual, differently sized, body segments are weighted (for details, see the following 
chapter). 
 
4.5.2 Extrapolation of the determined amounts 
 
As patches only detect exposure on small fractions of the body surface, the absolute 
amounts found on patches cannot be used directly for risk assessment as it is possible 
with values from the WBD segments. Instead, at first the area concentrations have to 
be calculated. The absolute exposure of a body section is then calculated by 
multiplying the area concentration with the surface area of this body section. However, 
the present standards lack a clear definition of the surface areas to be used for the 
assessment of dermal exposure. Thus, different values representing the surfaces of 
different coverall types, or particular percentiles from published datasets on the 
distribution of human body surfaces can be considered. In addition to the natural 
variation of body surface areas and the different sizes of coveralls, there is even no 
clear definition of the “cutting pattern”. For example, the shoulder area could be 
considered part of the upper arms, or part of the torso. 
 
For the basic method comparison described in part 1 of the SysDEA report (Franken, 
2019), it was considered reasonable to refer both patch and WBD measurements to 
the same surface areas. The surface areas of the coveralls used for the WBD-
experiments of the same exposure situation were therefore used for extrapolation of 
the amounts determined on the patches. Thus, for experiments with liquids, the surface 
areas of the Tyvek coveralls were used, and the surface areas of the cotton coveralls 
were taken for the powder experiments. In contrast, by far the most values derived 
from patches that have been reported in the literature are extrapolated to the respective 
body surface areas. Surface areas of the body can be taken from different sources, 
and in addition different percentiles from the natural distribution of body sizes can be 
considered.  
 
While each of these approaches might be scientifically justifiable, the particular choices 
can alter the final outcome of risk assessments. As can be seen in Table 4.6, the 
differences can reach a factor of 4 for some body sections. For example, in the shown 
dataset the lower legs have a body surface area of 1 190 cm², thus 4.1 times smaller 
compared to the respective Tyvek coverall segment with a surface area of 4 929 cm². 
Although the differences are usually smaller when considering the entire body, they 
are not negligible, resulting in a difference of about 2.5-fold (Figure 4.12).  
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Figure 4.12  Extrapolation from patches to the surface areas of coverall sections 

results in about 2.5 times higher exposure levels compared to 
extrapolation to body surface areas. 

 
In order to give an overview of the effect of different extrapolation methods, for the 
present report the body exposures for each exposure situation have first been 
translated into area concentrations. For WBD, this was done by first adding up the total 
amounts found on each coverall section, giving the total amount actually found on the 
coverall. This result was then divided by the total surface of the respective coverall 
(i.e., 44 143 cm² for the Tyvek coveralls used in experiments with liquids and 28070 
cm² for cotton coveralls used in experiments with powders). For exposures determined 
with the patch method, the sizes of the different body sections need to be weighted 
according to their surface area. We have chosen to weight the areas of the different 
body sections based on the size of the respective coverall segments, i.e., the area 
concentration found on each patch was first multiplied with the area of the respective 
coverall segment. These amounts were then summed up for the 10 patches of each 
experiment and then divided by the total area of the respective coverall. These results 
are shown in the upper panel of Figure 4.13.  
 
Exposures resulting from extrapolation to the body surface areas were calculated by 
multiplication of the area concentrations with the surface areas of the respective body 
sections (see 4th column of Table 4.6). It should be noted that this exercise was 
performed individually for each body section2. These results are shown in the central 
panel of Figure 4.13. The exposures resulting from extrapolation to the coverall surface 
areas are calculated in the same way, i.e., the area concentrations of the individual 

                                            
2 The different surface sizes of the various body sections (see Table 4.6) are multiplied with the area concentrations 
measured on these body sections. The differing sizes lead to different weightings of the exposure levels measured for the 
individual body sections. Therefore, the result of this calculation, based on the individual segments, differs from the result 
calculated by multiplying the average area concentration (when derived as sum of substance found on all patches, divided 
by the number of patches) of the entire coverall/body with the corresponding total surface area. 
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segments were multiplied with the respective coverall surface areas. These results are 
shown in the lower panel of Figure 4.13. 
 
Comparison of the two differently extrapolated datasets shows that the extrapolation 
to the coverall surfaces results always in higher exposures than the extrapolation to 
the body surface. These differences are less pronounced for exposure situations A1 
and E. This finding can be explained with the different surface areas of the coveralls 
and the skin. The Tyvek coveralls used in experiments with liquids have a surface area 
of 44 143 cm², which is 2.5 times larger than the body surface area (i.e., arms, legs 
and torso) of 17 420 cm². The surface areas are directly included in the calculations of 
the absolute exposures. As a consequence, the differences between the exposures 
resulting from the two extrapolation methods reflect the differences between the 
surface areas. This is also the reason for the lower observed differences in exposure 
situations A1 and E, because for investigation of these exposure situations with 
powders cotton coveralls have been used. These have a surface area of 28 070 cm², 
thus only 1.6 times larger than the body surface.  
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Figure 4.13  Comparison of exposure levels obtained by WBD and with the patch 

method. Top: exposure expressed as area concentrations. Centre: 
Absolute exposure, extrapolated to body surface areas. Bottom: Absolute 
exposure, extrapolated to coverall surface areas. 
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4.5.3 Conclusions for exposure levels as published in literature 
 
As noted above, exposures measured with patches are usually extrapolated to the 
body surface in the literature, while values obtained by WBD usually represent the 
amount actually determined on the coveralls, which is equal to an “extrapolation” to the 
coverall surface. Interestingly, the average ratio between values measured with 
patches or WBD is close to the ratio between the sizes of Tyvek coverall and the body 
surfaces (2.8 vs. 2.5). Consequently, the differences resulting from the extrapolation 
method on the one hand and those resulting from the method used for measurement 
on the other hand may cancel each other out in part in published exposure data. Figure 
4.14 displays the results for the situation commonly found in literature, i.e. values 
measured with patches have been extrapolated to the body surface, and values 
measured by WBD to the respective coverall surfaces. Indeed, it can be seen that the 
results obtained with both methods are converging with these extrapolation methods. 
 

 
 
Figure 4.14  Comparison of the patch method and WBD based on extrapolation 

methods commonly applied in the literature: exposures measured with 
patches have been extrapolated to the body surface, exposures 
measured by WBD to the coverall surface. 

 
This is an important finding, because it demonstrates that values measured with either 
of the two methods are usually very similar. As a consequence, it should be possible 
to generate appropriate bigger datasets by pooling values from different studies 
without a need for adjustment of the values for the measurement method. 
Nevertheless, with regard to recommendations for future exposure studies, it should 
be borne in mind that WBD often shows the higher exposures in this comparison. 
Assuming that the larger surface of the coveralls is the main cause of these higher 
findings, a correction by extrapolation to the corresponding (smaller) body surfaces 
appears appropriate here (see central panel in Figure 4.13). Alternatively, the 
extrapolation to coverall surfaces (as shown in the bottom panel of Figure 4.13) would 
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be possible. However, the higher area concentrations seen for patches indicate that 
they already tend to overestimate exposure, presumably because they are placed at 
particularly exposed positions (see also discussion in section 4.5.4 of this report). 
Thus, generally extrapolating to coverall surfaces would result in an even higher level 
of exposure values. 
 
4.5.4 Exposure patterns and range of exposure levels observed with both 

methods 
 
Depending on the exposure situation, different mass transport processes can 
contribute to body exposure (see Table 4.1). The exposure pattern on the body may 
add up from splashes, deposited aerosol or transfer from direct contact to 
contaminated surfaces. For the SysDEA experiments, the latter can mostly be 
excluded due to the setup of the experiments. 
 
The exposure pattern on the body can be made visible with fluorescence imaging. A 
complete analysis of the fluorescence images aiming to quantify exposure levels can 
be found in (Franken, 2019). In contrast, this chapter aims to visually screen / scan the 
images in order to relate them to findings based on chemical analysis. 
 
In relation to hand exposure, the body exposure for handling of liquid is low for 
exposure situations “A2/A3 Pouring LV and HV liquid” (see, e.g. Figure 4.13). The 
fluorescence images and  
Figure 4.3 underline that the exposure is predominantly located on the hands for this 
exposure situation in most of the repetitions performed. Only few isolated “point-like” 
splashes and very rarely larger splashes are visible on the body sections. These 
splashes are not focused on specific body parts. 
 
For the exposure situations “B1/B2 Rolling liquid” and “D1/D2 Immersion in LV and HV 
liquid“,  
Figure 4.3 indicates that neither hand nor body exposure contribute to more than 80% 
to the total measured dermal exposure in most of the repetitions. On the corresponding 
fluorescence images, “point-like” and larger splashes are frequently visible on the body 
sections. These splashes are concentrated (but not exclusively) on the front of arms 
and legs. 
 
Exposure situation “C Spraying liquid” produced the highest body exposure and also 
the highest total dermal exposure (in terms of product) of all SysDEA exposure 
situations. For spraying, mostly deposition of aerosol on the body surface is expected. 
Most of the detected dermal exposure is found on the body and not on the hands (see  
Figure 4.3). The very even exposure pattern makes all body sections on the 
fluorescence images recorded after the spraying experiments shine brighter, 
compared to other exposure situations (see Figure 4.20). Rarely, splashes are visible 
in addition. 
 
Finally, based on Figure 4.13 it should be noted that handling of high viscosity liquid 
tends to cause higher body exposures compared to handling of low viscosity liquids for 
all investigated exposure situations, but this trend cannot be observed for hand 
exposure in the pouring liquid (A2/A3) and rolling (B1/B2) exposure situations. For 
handling of solids, the exposure situations “A1 Dumping powder” and “E Handling 
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object contaminated with powder” show comparable results for body exposure, but the 
latter one resulted in markedly higher levels of hand exposure. 
According to chapter 4.1, only few studies such as (Tannahill et al., 1996) or (Marquart 
et al., 2017) were published until the start of the SysDEA project that compare the 
sampling with the two different body sampling methods “patch sampling” and “WBD”. 
Based on these studies, no generic conclusion can be drawn about how comparable 
the results obtained with the two methods are. However, based on the limited 
information from comparative studies and logical considerations, authors such as Roff 
et al. , 1997, Soutar et al., 2000 or Behroozy et al. (Roff, 1997; Soutar et al., 2000; 
Behroozy, 2013) argued, that there may be substantial differences between the two 
methods under some circumstances. One explanation for the differences mentioned 
in the ISO/TR 14294 technical report (ISO/TR 14294:2011, 2011) is that exposure 
sometimes tends to be non-uniformly distributed. This is in particular the case when 
the exposure pattern is dominated by splashes, or by transfer from contaminated 
surfaces. For non-uniform exposure patterns, the ISO/TR 14294 technical report 
(ISO/TR 14294:2011, 2011) states that the visible exposure may miss the patches, 
giving the impression that the measured exposure is substantially underestimated. On 
the other hand, splashes may sometimes hit the patch directly. Since for the 
subsequent extrapolation from patches to the full surface a homogeneous distribution 
is assumed, the ISO/TR 14294 technical report (ISO/TR 14294:2011, 2011) reasons 
that the resulting absolute exposure could be too high. The surface of the patches 
(e.g., 10 patches measuring 10 cm x 10 cm², together 0.1 m²) covers only a small 
fraction of the body or coverall (ca. 1.7 m² body surface, or up to > 4m² for Tyvek 
coveralls).  
 
Based on these considerations, the following hypothesis can be derived: 
 

- Patches may perform much better for evenly distributed exposure patterns than 
for splash dominated patterns 

- Patches could underestimate exposure, because splashes often miss the 
patches (compare Figure 4.15 a). 

- Patches could sometimes overestimate exposure (compare Figure 4.15 b) due 
to a “full hit” 

- Due to the above mentioned reasons, measurements with patches could result 
in much broader exposure distributions than WBD. 

 
Nonetheless, non-uniform exposure patterns cannot be completely excluded also for 
situations where a homogeneous exposure pattern dominated by aerosol deposition is 
expected, as reported by Roff et al., 1997 (Roff, 1997) or Brouwer et al. 2000 (Brouwer 
et al., 2000). 
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Figure 4.15  Visual impression of splashes a.) missing or b.) completely covering the 

patch area 
 
Table 4.8 shows the total range (ratio between minimum and maximum values) as well 
as the interdecile and interquartile ratios (IDR and IQR, ratios between 90th and 10th, 
or between 75th and 25th percentiles, respectively) of the measured area 
concentrations for the 10 exposure situations conducted in SysDEA. The ranges can 
be interpreted as an indicator for the variability of the measured results, i.e. a broader 
range indicates a higher level of variability. The total range across all experiments is 
828.6 (7.97∙10-5 to 6.61∙10-2 µl/cm²) for measurements with patches, and 257.5 
(1.12∙10-4 to 2.89∙10-2 µl/cm²) for WBD. This means that all measurements across all 
exposure situations fall within less than three orders of magnitude. For the individual 
experiments, the total ranges of values are on average 17.8 for WBD. For patches, 
with an average of 44.6 the total ranges of measured values are significantly larger, 
but in 3 out of 10 experiments (“B1 and B2 Rolling LV and HV liquid” and “D1 Immersion 
in LV and HV liquid”) the patch method even produced smaller ranges than WBD. A 
closer look into this data reveals that the higher average range of values measured 
with patches is mostly caused by exposure situation “D2 - Immersion in HV liquid”, for 
which the patch method has an almost 10-fold higher range than WBD. As can be seen 
in Figure 4.13, this large range is produced by just two unusually high measurements. 
 
Taken together, these results indicate that the patch method may rarely produce some 
exceptionally high (or low, see exposure situation “E Handling object contaminated 
with powder” in Figure 4.13) values, causing a larger range of measured values 
compared to the WBD method. However, these data do not support the above 

splashes missed patches splashes hit patches 
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mentioned consideration that patches will generally result in much broader exposure 
distributions than WBD. This statement is also supported by the IQRs, which are 
almost identical for both methods (average of 2.7 for patches and for WBD).  
 
In that line, one central findings/conclusions from (Franken, 2019) from the SysDEA 
project is that sampling with the patch and WBD lead to exposure values that are in 
the same order of magnitude. However, as visible in Figure 4.13, in all cases the patch 
method determined slightly higher exposures than WBD when extrapolated to the 
same reference area. This observation cannot be attributed to differences in the 
sampler material (e.g. adherence of the substance to the sampler or limited sampler 
capacity), because for both methods the same collector material has been used in the 
SysDEA project. Instead, the slightly higher levels found on the patches may be 
explained by the fact that the patches are intentionally placed at particularly exposed 
positions, e.g. at the front of the thighs instead of between them. For the extrapolation, 
however, the (conservative) assumption is made that the exposure is homogeneously 
distributed across this body part, so that it comes to a higher estimate. 
 
Table 4.7 gives an overview of the ratios calculated based on different statistical 
measures. All ratios are within 0.2 and 11.5, the average over all values shown is 2.5. 
Thus, exposures determined with both methods are mostly within the same order of 
magnitude, and neither of the two methods can be identified as fundamentally 
unsuitable or superior.  
 
Moreover, as for hand exposure the differences between the investigated body 
sampling methods displayed in Table 4.7 (0.2 – 11.5) are in the same order of 
magnitude as the IQRs shown in Table 4.8 (1.4 to 7.8 in column 6 and 7), but in most 
cases substantially lower than the entire range of exposure values (difference between 
minimum and maximum). This means that the differences between the methods are 
again minor compared to the measured range between the repetitions of the same 
exposure situation. The comparison of SysDEA results with data from literature (see 
chapter 4.2) has indicated that variability at real workplaces is even larger.  
 
On the other hand, results from exposure studies are frequently used to make legal 
decisions, such as the authorization of chemicals and products under the respective 
EU chemicals regulations. For this reason, clear rules for treatment of measured data 
and extrapolation to surfaces representing body or coverall sections should be agreed 
on. 
 
In the first section of this paragraph, it became clear that for the SysDEA experiments 
spraying leads to a deposition dominated exposure pattern, whereas for rolling and 
manually handling objects immersed in liquid the body exposure is dominated by 
splashes. For pouring, body exposure was found to be of minor importance compared 
to hand exposure and thus is not taken into account for further analysis. The 
experiments with solids are also not of interest for the following analysis. 
 
Compared to the range of measured values (ratio between minimum and maximum 
values), the interdecile range (IDR, ratios between 90th and 10th percentiles) is 
considered to be a more robust indicator for the variability caused due to the sampling 
method. The reason is that isolated high values may always occur during exposure 
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measurements due to other reasons, e.g. personal behaviour. Thus, in the following 
the IDR is used instead of the entire range of measured values.  
 
Table 4.8 indicates that the IDR for both sampling methods applied to exposure 
situations with splash dominated exposure patterns (B1, B2, D1, D2) vary between 4.3 
and 29.1 for WBD and between 8 and 12.6 for the patch method. For three of the four 
exposure situations, the IDR for the patch method is even smaller than for WBD. In 
contrast, the IDR for the deposition dominated exposure situations “C1 and C2 
Spraying LV and HV liquid” varies only between 2.5 and 3 regardless of the sampling 
method. These results demonstrate that a larger range of measured values is observed 
for the splash dominated experiments compared to the deposition dominated 
experiments. This applies to for both sampling methods, which thus do not seem to 
have a major influence on the range of values. The same tendency is also observed 
for the IQR, although the difference in absolute terms is smaller. For the splash 
dominated exposure situations, the IQR lies between 2.1 and 5.0, whereas the IQR for 
the deposition dominated exposure situations is between 1.4 and 2.1. In summary, the 
differences in variability can be attributed to the mass transport processes splashing 
or deposition and not, or only to a minor extend, to the sampling method. 
 
Table 4.7  Ratios between exposures sampled with patches or WBD. Ratios have 

been calculated based on the indicated percentile or mean values. 
 
Exposure 
situation min 25th median 75th 90th 95th max 

arithm. 
mean 

geom. 
mean 

All 0.7 2.1 2.0 2.2 2.4 2.8 2.3 2.4 2.1 
A1 1.2 1.2 1.7 1.9 1.9 1.8 1.9 1.7 1.6 
A2 1.8 5.3 6.2 4.5 2.9 2.1 2.1 3.2 4.2 
A3 1.3 2.7 2.3 3.5 6.1 6.7 5.3 4.2 3.0 
B1 2.0 2.3 2.0 2.5 1.3 1.9 2.1 1.9 2.1 
B2 1.6 1.3 1.0 1.1 0.9 0.8 0.8 1.0 1.2 
C1 2.1 1.7 1.9 2.3 2.3 2.2 2.2 2.1 2.1 
C2 2.0 1.8 2.4 2.5 2.6 2.5 2.3 2.3 2.3 
D1 4.1 3.9 2.1 2.5 1.7 2.0 2.5 2.4 2.8 
D2 1.1 2.0 1.5 1.6 7.7 11.2 11.5 4.7 2.2 
E 0.2 1.0 1.3 1.7 1.6 1.5 1.7 1.4 1.2 
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Table 4.8  Total range (ratio between of minimum and maximum values), interdecile 
ratio (IDR, ratio between 90th and 10th percentiles) and interquartile ratio 
(IQR, ratio between 75th and 25th percentiles) for the studied exposure 
situations. 

 

Exposure 
situation 

Range  
(patches) 

Range 
(WBD) 

IDR 
(patches) 

IDR 
(WBD) 

IQR 
(patches) 

IQR 
(WBD) 

All 828.6 257.5 40.9 31.4 7.8 7.3 
A1 5.6 3.4 4.2 2.3 2.8 1.8 
A2 63.9 53.4 11.4 12.4 3.2 3.8 
A3 59.6 15.0 12.0 4.6 2.6 2.1 
B1 19.2 18.1 5.2 12.6 2.2 2.1 
B2 13.6 28.0 5.2 11.3 2.6 3.1 
C1 4.1 3.9 2.9 2.8 2.1 1.4 
C2 7.6 6.5 3.0 2.5 2.1 1.5 
D1 14.6 23.9 4.3 12.0 2.7 4.1 
D2 230.2 21.3 29.1 8.0 4.0 5.0 
E 27.5 4.0 5.6 3.0 2.8 1.7 
mean 44.6 17.8 8.3 7.2 2.7 2.7 
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Figure 4.16  Statistical representation of exposure for 16 repetitions sampled with 

patches or WBD (as area concentrations) on the individual body parts for 
exposure situations “B1 / B2 Rolling LV and HV liquid” 
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Figure 4.17  Statistical representation of exposure for 16 repetitions sampled with 

patches or WBD (as area concentrations) on the individual body parts for 
exposure situations “D1 and D2 Immersion in LV and HV liquid” 
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Figure 4.16 and Figure 4.17 show the body exposure found on the different body 
segments: upper and lower legs, forearms, upper arms as well as torso front and torso 
back. Each boxplot is a statistical representation of the 16 repetitions performed for 
each exposure situation and sampling method. The colours indicate the different body 
segments. The left boxplots of each colour represent the repetitions sampled with 
patches, the right boxplots of each colour the repetitions sampled with WBD. 
Additionally, the two rightmost boxplots illustrate the measured hand exposures 
sampled with gloves or by handwash. For most cases, the exposures found on the 
different body segments are quite comparable for the patch method and WBD, with the 
patch method tending to lead to higher values. Thus, overall, the comparison of 
exposures found on the different body segments basically confirmed the previous 
observation that patch- and WBD sampling methods lead to comparable exposure 
values. 
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Figure 4.18  IQR for a) the patch method and b) whole body dosimetry (WBD) (both 

expressed as area concentrations) as well as c) difference between IQR 
for patch and WBD sampling; each colour represents an exposure 
situations and each line style a different viscosity 
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Figure 4.19  IDR for a) the patch method and b) whole body dosimetry (WBD) (both 

expressed as area concentrations) as well as c.) difference between IQR 
for patch and WBD sampling; each colour represent an exposure 
situation and each line style a different viscosity 

 
Correspondingly to Table 4.8, Figure 4.18 visualizes the interquatile ratios (IQR) of all 
repetitions for the different body parts and exposure situations. The IQR represent the 
width of the boxplots in Figure 4.16 and Figure 4.17. The different colours represent 
the different exposure situations whereas the different line styles represent whether a 
high or low viscosity liquid was involved. A log scaling of the percentiles is chosen, as 
the median values are quite different for the different exposure situations. Panel a) 
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displays the IQR obtained for the patch method, panel b) the IQR for WBD and panel 
c) the difference between respective IQR for WBD and the patch method. In the same 
way, Figure 4.13 visualizes the respective data for interdecile ratios (IDR). 
 
It is abundantly clear from Figure 4.19 a) and b) that the positions of the IDR for splash 
dominated exposure patterns (blue and green lines) are mostly above the IDR for 
deposition dominated exposure patterns (red lines). This demonstrates that the range 
of measured exposures is larger for splash dominated exposure patterns (blue and 
green lines) compared to deposition dominated exposure patterns (red lines) also 
when compared on the level of body segments. This observation holds true for most 
body sections and both body sampling methods. The same tendency is also observed 
for the IQR in Figure 4.18, although the difference in absolute terms is smaller. 
 
Panels c) of Figure 4.18 and Figure 4.19 show that for the green and blue lines, which 
represent splash dominated exposure patterns, the differences between IQR and IQD 
found between WBD and patch method, vary around zero, i.e. they may be positive or 
negative. Accordingly, for splash dominated exposure patterns statistics seem to 
determine whether the variability is larger for WBD or the patch method. In contrast, 
for deposition dominated exposure patterns, the variability for the patch method seems 
to be marginally higher than for WBD sampling as the red lines are slightly larger than 
zero for most body parts. No significant differences can be observed for the different 
body sections. 
 
Table 4.9  Fluorescence images of the forearm corresponding to the dominant hand 

after patch (left) and WBD (right) sampling for exposure situation “B1 
Rolling LV liquid” 

 
Ranking 
accordin
g to 
chem. 
analysis 

Patch method  
 
 

Whole body dosimetry 

 Front* Back Front* Back 
1.  
(lowest 
exposure 
from 16 
repetition
s) 
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4.  
(25th 
percentil
e from 16 
repetition
s) 

    
12. 
(75th 
percentil
e from 16 
repetition
s) 

    
16. 
(highest 
exposure 
from 16 
repetition
s) 
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Table 4.10  Fluorescence images of lower left leg after patch (left) and WBD (right) 
sampling for exposure situation “D2 Immersion in HV liquid” 

 
Ranking 
accordin
g to 
chem. 
analysis 

Patch method  Whole body dosimetry 

 Front Back Front Back 
1. 
(lowest 
exposure 
from 16 
repetition
s) 

    
4. 
(25th 
percentile 
from 16 
repetition
s) 
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12. 
(75th 
percentile 
from 16 
repetition
s) 

    
16. 
(highest 
exposure 
from 16 
repetition
s) 

    
 
As was speculated above, the larger range of measured exposure values for splash 
dominated exposure patterns compared to deposition dominated exposure patterns 
may be attributed to statistics. In order to give a rationale for this, the fluorescence 
images for the exposure situations “B Rolling liquid” and “D – Immersion in liquid” are 
exemplarily analysed. 
 
In Table 4.9, fluorescence images of the dominant hand after execution of experiments 
from exposure situation “B1 Rolling LV liquid” are shown. It should be noted that the 
photos taken after patch sampling show the front of the body along with the hand 
exterior surface, whereas on photos taken after WBD sampling the hand was turned, 
showing the hand interior surface along with the front of the body. However, as the 
following analysis focuses on the visual exposure on the forearms only, the hands only 
serve as an orientation aid. Table 4.10 displays fluorescence images of the lower left 
leg (or right legs in case of left-handers) for exposure situation “D2 Immersion in HV 
liquid”. For the sake of clarity, only four out of sixteen images are selected each for 
WBD and patch method in both tables. The individual experiments where first sorted 
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by the exposure levels as measured by chemical analysis, and the photos representing 
the positions 1 (lowest measured exposure), 4 (~25th percentile), 12 (~75th percentile) 
and 16 (highest exposure) of these distributions were selected for presentation in the 
two tables. For reasons of comparability and data privacy images of left handed 
persons were mirrored. In case of patch sampling, the exposure pattern within the 
visible square (edges of the patch) attached on the coverall and in case of WBD the 
exposure pattern on the entire coverall segments are of interest as the chemical 
analysis is based on the extraction of the analyte from these patches and sections. 
 
In general, it is quite evident that larger splashes only occur occasionally on the 
displayed body parts and did not cover the complete sampling surfaces. In case of the 
forearms, the larger splashes mostly occurred at the transition to the gloves and for 
the legs more towards the lower part of the legs. Smaller “point-like” splashes are more 
frequent and dominate the exposure patterns in most cases. 
 
Focussing on the fluorescence seen on the patches (left two columns in Table 4.9 and 
Table 4.10), indeed cases occurred where splashes mostly hit (e.g. ranking 16 in Table 
4.10) or missed the patches (ranking 1, 4 and 12 in Table 4.9 or ranking 1 in Table 
4.10). However, these events are rather infrequent. For the exposure situation “D2 
Immersion in HV liquid”, 8 out of 16 repetitions (including the images shown in Table 
4.10) could be identified where splashes were visible on the lower leg. However, these 
splashed either completely missed or mostly hit the patch. Thus, on average a similar 
number and coverage of larger splashes was measured by patch and WBD sampling 
as for WBD sampling only 4 out of 16 repetitions could be identified where severe 
splashing was visible on the sampling area.  
 
In line with that finding, if in Table 4.9 only the exposure patterns on the patch areas 
of the forearm (e.g. row 1, left two columns) are compared to the corresponding 
patterns on the complete forearm WBD surface (row 1, right two columns), the 
exposure patterns for the different percentiles visually seem to be consistent. 
Correspondingly, the exposure values from the chemical analysis are also similar, 
meaning that the boxplots “WBD forearm right” and “Patch forearm right” overlap each 
other in the upper panel of Figure 4.16. The same holds true for the visual comparison 
of the corresponding exposure patterns on patch and WBD areas for the lower left leg 
in Table 4.10 and the boxplots “WBD lower leg left”” and “Patch lower leg left” in the 
lower panel of Figure 4.17. The larger splashes did not significantly shift the entire 
boxplot into either direction. However, there were situations such as in the upper left 
image of Table 4.10 where splashes were present but did not hit the patch and thus 
only low exposure was measured on the patch. In the lower left image of Table 4.10 
splashes covered a larger area of the patch but at the same time the leg was only 
partly loaded (especially the back part of the leg was not) and thus exposure may have 
been lower when the situation would have been sampled with WBD. Last but not least, 
the images in the last row of Table 4.9 show a “point-like” exposure pattern on the 
patch for the highest exposure value from patch sampling, whereas it was dominated 
by larger splashes for the highest value from WBD. These statistic random events 
however mostly influence the lowest and highest measured values and do not have a 
significant impact on the overall statistics, as is evident from the comparison with the 
chemical analysis. 
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Finally, Table 4.9 and Table 4.10 indicate that the focus of splashes is on the front of 
the body. However, chemical analysis of the torso back in Figure 4.16 and Figure 4.17 
demonstrate that exposure on the back should not be neglected completely. Splashes 
on the back can occur randomly as shown in the lower right image in Table 4.9. In the 
latter case, the random splash on the back of the forearm resulted in the highest 
measured exposure value for that body part for all repetitions with WBD sampling.  
 
To highlight the difference to deposition dominated exposure patterns, Figure 4.20 
displays a fluorescence image recorded during exposure situation “C1 Spraying LV 
liquid” on the left and “B1 Rolling LV liquid“ on the right for the same volunteer. For 
uniform exposure patterns, the exposure is visible on the images through increased 
brightness. 
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Figure 4.20 Fluorescence images taken before (left column) and after (right column) 

a repetition for a.) a deposition dominated (top row) and b.) a splash 
dominated (bottom row) exposure situation 

 
In summary, for splash dominated exposure situations the observed range of 
exposures is larger compared to deposition dominated exposure patterns. This holds 
true for both body sampling methods, i.e. patch or WBD sampling. The explanation is 
that for splashing, the range of observed exposure values can be attributed to statistic 
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randomness and splashes may or may not hit specific body parts. However, as 
splashing is a statistic process, the number of repetitions may be of importance for 
interpretation of the expected exposure for both sampling methods. 
 
For regulatory purposes, discrete percentiles from the higher end of the exposure 
distributions are of interest in order to achieve a high level of safety. To better 
understand the confidence in these percentiles as a function of the number of 
repetitions, another test was performed. For this, a defined number of drawings was 
randomly selected from the 16 measured repetitions for a given exposure situation. 
The 75th percentile was then calculated exemplarily for this subset of data (= one 
collective). The procedure was repeated 100 times, keeping the selected number of 
drawings constant. From this dataset of 75th percentiles then the ratio between the 
maximum and minimum values of the 100 collectives was calculated. Figure 4.21 
displays these ratios (points) as a function of the number of drawings per collective. 
The data for the different exposure situations are colour coded. 
Figure 4.21 again shows that the ratio, which represents the possible range of values 
for a given percentile, is generally larger for splash dominated body exposure patterns 
(A2/A3, B, D) compared to deposition dominated exposure patterns (A1/E, C). Once 
again, this holds true for both sampling methods alike. For splash dominated exposure 
patterns, the 75th percentile can therefore vary over a wider value range when only a 
subset of the 16 repetitions is considered, and this is especially pronounced for smaller 
numbers of drawings.  
 
With regard to actual workplace exposure studies, a higher number of repetitions may 
be required for splash dominated exposure patterns to achieve a similar confidence for 
a given percentile as for deposition dominated patterns. 
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Figure 4.21 Ratio between maximum and minimum of 75th percentiles for collectives, 
where each collective consists of the indicated number of drawings that 
have been randomly taken from the 16 repetitions of an exposure 
situation. 
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In summary, one central findings/conclusions from (Franken, 2019) for the SysDEA 
project is that sampling with the patch and WBD lead to exposure values that are in 
the same order of magnitude. We showed in addition that the differences between the 
methods are minor compared to the observed range of values within the repetitions of 
the same exposure situation. Nevertheless, clear rules for treatment of measured data 
and extrapolation to surfaces representing body or coverall sections should be agreed 
on. 
 
For regulatory purposes, risk assessments are performed for which the body exposure 
is usually compared to a reference value. To obtain a high level of safety, discrete 
percentiles from the higher end of the exposure distributions are considered. At the 
same time, this approach excludes outliers from the assessments. For the SysDEA 
experimental setup, we could show that the variability of the measured total body 
exposure depends on the exposure pattern and thus on the exposure situation that 
caused the exposure. The variability is lower for uniform exposure patterns (e.g. 
spraying) than for non-uniform exposure patterns, like those dominated by splashes 
(e.g. rolling or manual handling objects immersed in liquid). This holds true for both 
sampling methods, i.e. for the patch method and WBD alike. For non-uniform exposure 
patterns, the number of repetitions may need to be higher compared to experiments 
where uniform exposure patterns are expected, regardless of the sampling method in 
order to achieve a given confidence in the percentile used for risk assessment. In any 
case, the SysDEA experiments showed that the number of repetitions is a critical factor 
for dermal body measurements and should be determined with care. 
 
It is an important finding that for SysDEA the positions and size of the patches on the 
body seemed to be reasonable to reliably measure the exposure. In this context, it is 
worth mentioning that the photos taken after immersion (D1, D2) suggest a focus of 
exposure at the lower end of the legs. Based on a first visual inspection of the 
fluorescence images, the impression may arise that the patches for this exposure 
pattern are placed unfavorably (too high) because they apparently miss a large part of 
the exposure (see Table 4.10). However, statistically the exposures measured with 
patches have not been lower than those measured by WBD (see Figure 4.17), not 
confirming the first visual impression. On the other hand, it cannot be ruled out that 
workplaces with tasks and resulting exposure patterns exist that demand other patch 
positions and/or dimensions than those studied in SysDEA. 
 
 
4.6 Head Exposure 
 
In the SysDEA project, head exposure was measured with wipes and with headbands. 
The headbands covered a surface area of 414 cm² on the forehead and around the 
head, whereas the wipes were applied to a surface area of 96 cm² on the forehead 
only. Therefore, for this discussion the area concentrations were calculated for both 
samplers and then extrapolated to the total head surface, which is, in agreement with 
(Mangelsdorf et al., 2014), considered to be 1 300 cm² (head and face). The resulting 
exposures for the two methods and the 10 exposure situations are shown in Figure 
4.22. When compared on the level of area concentrations, the exposure levels are in 
the same order of magnitude as the body exposure. Due to the lower surface area of 
the head, however, the contribution to the total body exposure is rather low. However, 
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in literature tasks have been described that result in dominant levels of head exposure, 
for example when a substance is sprayed upwards (Roitzsch et al., 2019). 
 
The results obtained for the different exposure situations are inconsistent. For rolling 
(B1, B2) and spraying (C1, C2), both methods show well matching results. For the 
other exposure situations, including the powder-situations “dumping” (A1) and 
“handling objects contaminated with powders” (E), the wipes have measured 
noticeably higher exposure levels. In consequence, for head exposure the wipe 
method seems to generate the more conservative results, and thus appears to be the 
preferred method. Nevertheless, when examining dermal exposure by WBD, it may be 
more practical to measure the exposure of the head with the coverall’s hood. However, 
no data were generated for this method in SysDEA. 
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Figure 4.22  Comparison of head exposures measured with wipes and headbands. 

Top: Exposures are shown as area concentrations. Bottom: Exposures 
have been extrapolated to the surface area of the head of 1 300 cm².  

 
 
4.7 Influence of substance properties 
 
In order to investigate the influence of substance properties on the comparison of 
measurement methods, substances with varying properties have been examined in 
SysDEA. Activities with dusty solids and liquids were carried out; the liquids were 
further used with different viscosities. The focus was not on comparing the exposure 
levels that ultimately occur during exposure situations with these substances, but on 
the question of whether the recommendations regarding the measurement methods 
depend on these substance properties. 
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Regarding body exposure, it was found that patches generally measure a higher area 
concentration than WBD. This trend was observed for both, low and highly viscous 
liquids to a similar extent. Thus, this result did not generally depend on this substance 
property. The only exception was observed during the rolling experiments (B1 with low 
viscosity, B2 with high viscosity liquid). Here, only the experiments conducted with low-
viscosity liquid followed the general trend of measuring higher area concentrations with 
patches, while those with high-viscosity liquid showed practically identical results with 
both methods, contrary to this trend.  
 
A similar picture emerges for the two methods used to measure hand exposure. For 
most exposure situations, slightly higher exposure levels were measured with gloves 
than with the handwash method. For the pouring experiments (A2 and A3), however, 
this trend was only observed for the low-viscosity liquid, while the high-viscosity liquid 
indicated identical results with both measuring methods.  
 
For head exposure, in most cases wipes measured slightly higher area concentrations 
than headbands, but again there were few exceptions in the rolling low viscosity (B1) 
and the two spray experiments (C1 low viscosity and C2 high viscosity).  
 
A reason for the observed exemptions from the general trends could not be found, they 
may be random results. 
 
In summary, the investigated substance properties do not show relevant influences on 
the observations and the derived recommendations regarding the measurement 
methods. In this context, however, it should be kept in mind that only few substance 
properties were included. The dustiness of the powder did not vary during the 
experiments, and the liquids used covered only a small range of viscosities (17 cP for 
the low viscosity, 313 cP for the high viscosity liquid). Thus, based on the SysDEA 
results, it cannot be excluded that differences emerge for substances with bigger 
differences in their properties. 
 
 
4.8 Fluorescence method discussion 
 
For the SysDEA project a fluorescence method was developed to qualitatively and 
quantitatively capture the dermal exposure. 
 
In general, using a fluorescence tracer and taking photographs under UV light is a 
relatively simple way to determine the distribution and pattern of exposure on the body. 
In chapter 3.6 of (Franken, 2019) a detailed description of the fluorescence setup 
developed for the SysDEA project is given. Chapter 5, 7.5.2, 8.1.4 and 8.1.10 of the 
same report describe in detail the comparability of the fluorescence method with the 
interception or removal methods for both body and hands. 
 
A conclusion of these chapters is that hand and body exposure measured with the 
developed fluorescence tool is significantly lower than the values determined with the 
interception or removal methods. This observation holds true for exposure situations 
with liquids as well as with powders. The best agreement between exposure values 
was found for exposure situations “C1 and C2 Spraying LV and HV liquid”. 
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Overall, the fluorescence method developed within the SysDEA project quantitatively 
appears to be less conservative than the other methods investigated. The fluorescence 
method investigated in the project therefore is currently not suitable for quantitatively 
estimating dermal exposure levels based on fluorescence images alone. At least at the 
current stage of development, the fluorescence method is thus no substitute for 
interception or removal methods in conjunction with chemical analysis. With regard to 
qualitative sampling, the sampler material that was used in SysDEA seemed to 
qualitatively capture the exposure pattern for liquids reasonably well. However, for 
experiments with powders, the fluorescence detected was very low. Nevertheless, 
chapter 8.2 in (Franken, 2019) contains extensive proposals for improving the 
measurement method towards a quantitative determination. 
 
In summary, in its current form, the tool is a helpful addition with regard to qualitative 
information of exposure patterns. For example, the qualitative information gained by 
fluorescence imaging may be helpful to define a measurement strategy for 
measurement campaigns. 
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5 Discussion, Recommendations, Final 
Conclusion 

 
5.1 Background and objectives 
 
The dermal exposure assessment of workers usually differentiates between body and 
hand exposure. The first part of the SysDEA project was an extensive literature 
research. This exercise identified 325 publications (Table 2.1) relevant for further 
investigation.  
 
Different methods are available to measure dermal exposure, such as 

• interception methods, i.e. collection of a chemical by different samplers (gloves, 
whole body methods/coveralls or patches), 

• removal methods, i.e. removing of a chemical directly from the skin by different 
methods (tape stripping, wiping, washing, rinsing), and  

• in-situ methods (fluorescence).  
 
For quantification, interception and removal methods involve chemical analysis of the 
samples. In-situ methods are usually based on the processing of data obtained by 
optical detection. Chemical analysis is only necessary for calibration but not during the 
in-situ itself. 
 
However, knowledge of the strengths and limits of the different methods and 
comparability of these methods was limited before the SysDEA project. There was a 
lack of systematically performed measurements with different measurement methods 
to determine skin exposure and a lack of comparability of measurement results from 
these different methods. Furthermore, it was unclear which method would best take 
into account the properties of the substance in question and which method would be 
most appropriate for which task. 
 
The goal of the SysDEA project was to generate scientific knowledge to improve and 
standardize measurement methods for dermal exposure to chemicals at the 
workplace. SysDEA compares different methods and uses the generated experimental 
data to reduce current uncertainties in assessing occupational dermal exposure. 
Strengths and weaknesses of various dermal measurement methods were in focus of 
the project. 
 
With regard to removal methods, it should be noted that they capture only what is 
removable from the skin and do not collect material that has been absorbed through 
the stratum corneum or has been removed (for example, by evaporation or hand 
washing). Interception techniques aim to sample all material that comes into contact 
with the skin, including the portion that is absorbed. Due to the differences in the 
sample collection mechanisms, measurements taken with different methods may not 
always be directly comparable. 
 
The literature shows that only patches or coveralls are actually used for body exposure. 
Monitoring of body exposure using other methods, such as wiping or tape stripping, is 
irrelevant due to the size of the entire body. These methods have only been used for 
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selected parts of the body (e.g. forearms) in individual cases. Measurements with 
patches were most frequently described in the literature – 343 measurements with 
patches in the evaluated literature (Table 2.7). This is because patches have been 
used as measuring methods for several decades, especially in the area of plant 
protection products. Only recently have measurements with coveralls been carried out 
more frequently – 125 measurements with coveralls in the evaluated literature (see 
Table 2.7). A comparison of patches and coveralls was therefore chosen to represent 
measurement methods for body exposure.  
 
For determination of hand exposure, different measurement methods are available. On 
the one hand collecting methods with gloves and then removal methods like 
handwash, rinsing, wiping, tape stripping. The literature review shows that 
measurements with gloves is the standard procedure – 283 measurements with gloves 
in the evaluated literature (see Table 2.7). In addition to the glove method, the 
handwash method was most frequently described – 123 measurements use the 
handwash method in the evaluated literature (see Table 2.7). In contrast, little data is 
available for the other methods. The handwash method and the glove method were 
therefore selected for a method comparison of hand exposure. 
 
In addition to the body and hand exposure, the exposure of the head was also 
considered in the SysDEA project. Very little is found in the literature for measuring 
head exposure. Due to the rather small area to be measured, the wiping method can 
be used well and was therefore selected. The interception method with a headband 
was used as a comparative measuring method. 
 
In summary, the methods that are compared are for body exposure patches versus 
coverall, for hand exposure gloves versus handwash and for the head exposure wiping 
versus headband. The experiments were conducted with two sets of measurement 
methods, so gloves/coverall/headband have been measured in parallel in the same 
experiment, or handwash/patches/wiping. 
 
In parallel to the above selected methods, also an in-situ method was used. Although 
these methods are known for many years, comparably few publications are available 
on them. In the SysDEA project, the fluorescence method was chosen, i.e. the use of 
a fluorescence marker during the exposure situations with a subsequent optical 
detection and imaging techniques for determination of the mass (and area) of the 
marker on skin or coverall, respectively. Photos were taken before and after each 
experiment. 
 
The next step was to decide how to compare the methods. One possibility is to create 
situations where you can monitor with two methods at the same time. In one study, 
(see Chapter 3.1) the left and right hand were both measured simultaneously with a 
different method for the same task. However, this is only possible for body exposure 
and under very artificial conditions. Another possibility is that the same task is carried 
out at real workplaces several times with alternating monitoring methods. The difficulty 
with this procedure is the variability of the workplace situation or task and the behaviour 
of workers. In order to minimize this variability and to receive a reliable statement about 
the comparability of different measurement methods, the tasks must be carried out 
repeatedly under very standardized conditions. To our knowledge, this form of 
alternating comparative measurements of tasks that are strictly tailored to 
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reproducibility has not yet been described in the literature. For the selection of the 
tasks, the information from the literature search and expert judgement were taken into 
account and tasks were selected for the SysDEA project that: 

• can be performed in an easily repeatable manner 
• also play a role in the literature 
• are important for European chemical regulations,  
• are generally expected to have a considerable proportion of dermal exposure 

because they are open tasks or splashes are produced. 
 
Material properties such as solubility and viscosity, but also dustiness under 
application conditions played a major role in the selection of the materials used. These 
factors, in combination with the task, have a considerable influence on the release of 
the substance and thus the dermal exposure. Therefore, the following three substance 
groups were investigated in the SysDEA project: 

• dusty solid (powder),  
• high viscosity liquid (HV liquid),  
• low viscosity liquid (HV liquid).  

 
The experiments took into account different parts of the body (i.e. hands, body and 
head), different tasks that cause dermal exposure and different properties of the 
substance (i.e. dust, high viscosity liquid and low viscosity liquid). Table 5.1 
summarizes the investigated exposure situations. 
 
Table 5.1 Investigated exposure situations with the respective test substances 
 
Task Task / product combination 
A. Transfer A1 – Dumping dusty solid (powder) 

A2 – Pouring LV liquid 
A3– Pouring HV liquid 

B. Spreading B1 – Rolling LV liquid 
B2 – Rolling HV liquid 

C. Spraying C1 – Spraying LV liquid 
C2 – Spraying HV liquid 

D. Immersion / dipping D1 – Handling objects immersed in LV liquid 
D2 – Handling objects immersed in HV liquid 

E. Handling contaminated 
objects 

E1 – Handling objects contaminated with 
dusty solid 

 
Four volunteers repeated each of the exposure situations for four times with each of 
the two sets of methods. Thus, 16 repetitions of each exposure situation have been 
performed with each measurement method, giving in total 32 repetitions for each task. 
 
The SysDEA project has investigated very systematically, partly artificial, simplified 
tasks. The number of iterations and the duration of the tasks performed during each 
repetition are limited. For these reasons, there are limits to the transferability to real 
workplaces. Still, the SysDEA project delivered very relevant scientific insight in the 
background of dermal exposure monitoring. This knowledge reduces the uncertainty 
of dermal exposure assessment, simplifies the comparability of different monitoring 
methods and results from different monitoring methods. Consequently, the results can 
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be used in risk assessments for chemical regulatory processes and can be 
implemented in efforts for standardisation of dermal monitoring at the workplace. 
 
 
5.2 Conclusions 
 
Based on the SysDEA measurement results, it is not possible to clearly identify one of 
the methods examined in this study as the "gold standard". Meaning that it is not 
possible to recommend clearly one sampling method for measurement of hand or body 
exposure for all exposure situations. Coverall and patch sampling appeared to be 
equally suited. However, the fluorescence method as used in this project is clearly 
"inferior". The handwash method appeared to be less conservative for some exposure 
situations but by far not for all. In the following, some aspects are summarized in more 
detail for the selection of body and hand exposure measurement methods. The 
substance properties, viscosity and dustiness, show no discernible influence on the 
level of dermal exposure. 
 
5.2.1 Comparison of measurement methods with regard to effort and 

expenses 
 
During the SysDEA project, artificial workplace situations were investigated in a 
laboratory environment that was optimized to ensure comparability of the 
measurements. The structure of costs and effort is hardly comparable with real 
workplace measurements. In order to be able to give a comparative estimation of this 
aspect, we use experience from other measurement campaigns. 
 
The resources for personnel and consumable supplies contribute significantly to the 
costs. The deployment of personnel is mainly required for the phase of sampling, 
laboratory analysis and data evaluation. The consumable supplies include patches, 
suits, gloves, and solvents for sample extraction and often also for running laboratory 
equipment such as liquid chromatography. 
 
In most case, the expenses for personnel will dominate the total costs. Workplace 
measurements often take place in locations far from the laboratory / place of residence 
of the staff, so that in addition to the salary components, there are also expenses for 
accommodation and travel.  
 
For measurements of body exposure with whole body dosimetry (WBD), in our 
experience at least two technicians are required during the sampling phase. They must 
provide assistance for doffing the coveralls in order to suppress carryover between 
hands and coverall and between different coverall segments. Carefully cutting the 
coveralls according to a predetermined pattern is another working step that usually 
requires two technicians at the sampling site. In contrast, patch sampling can usually 
be assisted by a single technician. The application and removal of the patches is 
comparatively easy and quick, and there is no need to cut them. In the laboratory, the 
handling and extraction of the larger coverall segments is usually a little more difficult 
and time consuming. Since aspects such as travel and accommodation, which can be 
very different in individual cases, strongly influence the personal expenses, a precise 
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comparison is not possible. Overall, we estimate the personnel expenses for the WBD 
method about one and a half times as high as for the patch method. 
 
The expenses for suits and patches are usually negligible due to their comparably low 
prices. However, especially when cotton coveralls are used for sampling, there is a 
minor difference in favor of the patches. The same applies to the used solvents, 
because the smaller patches usually require slightly less solvent for the extraction.For 
measurements of hand exposure with gloves or by handwashing, there are no relevant 
differences regarding the effort. The expenses for gloves and the comparably low 
amounts of solvent are negligible. The same applies to measurements of head 
exposure with wipes or headbands. 
 
Taken together, for measurements of body exposure the patch method is a bit easier 
to use and cheaper than WBD measurements. For hand exposure, when comparing 
the glove and the handwash method, we see no relevant differences in terms of effort 
and expenses. Likewise, no relevant differences have been identified between the 
methods used for measuring head exposure in the SysDEA project, namely the wipe 
and the headband method. 
 
5.2.2 Body exposure 
 
Body exposure is usually measured with interception methods, which indicate the 
amount of substance on the patches or coverall segments used. While the amounts 
found on coveralls can be interpreted as a (worst-case-) representation of the body 
exposure, amounts found on patches always require extrapolation to the respective 
body or coverall surfaces. Coverall surfaces, however, are usually 2 – 4 times larger 
than the body surface, and consequently extrapolations to either the body surface or 
the coverall surface areas differ accordingly. However, extrapolation to body surface 
areas can in principle also be done with amounts found on coverall segments, which 
then results in correspondingly lower exposure levels. 
 
In SysDEA, it was found that sampling with patches or coveralls lead to very similar 
results, regardless of the extrapolation strategy. Therefore, both sampling methods 
seem in general equally suitable for measuring body exposure. However, patches 
yielded slightly higher results (approximately two- to fourfold) when the amounts 
determined with either sampling method are extrapolated to the same coverall or body 
surface areas, but slightly lower values when only the amounts on patches are 
extrapolated to body surface areas. 
 
Another aspect is that the larger coverall segments collect higher total amounts 
compared to patches. This may present an advantage in cases where low exposures 
are expected relative to the analytical quantification limit, because WBD then tends to 
produce fewer samples below the quantification limit. 
 
In detail, interception by patches (patch method) resulted in higher exposure per unit 
area than interception by coveralls (WBD) in all exposure situations with liquids (A2, 
A3, C, D), except for rolling (B). A less pronounced difference was found for exposure 
situations with powders (A1, E). Since patches only monitor the exposure on small 
areas, which are considered representative of the exposure, the measured values 
must be extrapolated to the body or coverall surface. Depending on how the area sizes 
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were chosen for extrapolation, the final result could be higher or lower compared 
results obtained with WBD. Therefore, a binding definition of the extrapolation method 
should be developed within the framework of standardization. 
Our proposal in this regard is to extrapolate the monitoring results of patches and 
coveralls to body areas as presented in Table 4.6 of this report. 
 
For splash-dominated exposure patterns, from literature both over- or underestimation 
is postulated for sampling with the patch method compared to WBD as splashes may 
miss (underestimation) or largely cover (overestimation) the patches (see chapter 
4.5.4). However, a statistical analysis of the SysDEA data does not support this 
hypothesis. Rather, for body exposure the patch method and WBD lead to comparable 
results and thus seem to be equally suitable for measuring body exposure. 
 
For all investigated exposure situations, exposure was detected on all body parts by 
chemical analysis for both methods and not only on obvious parts of the body like the 
forearm or the dominant hand. The range of exposure levels tended to be higher for 
the patch method (this may have an impact in cases where exposure assessment is 
based on higher percentiles). Larger splashes that completely cover or miss patches 
occurred occasionally, but did not dominate the total body exposure as such. 
 
The following results for measurement of body exposure can be summarized: 

• For the exposure level, it is of great importance to which surface (surface of the 
body or of the coverall) the measured values are extrapolated. In order to be 
able to assess dermal exposure measurements, a description of the respective 
extrapolation method and the surface areas that have been taken into account 
for extrapolation are therefore necessary. 

• The difference between the values measured by the patch method and WBD 
was minor. Neither method could be identified as fundamentally unsuitable or 
more suitable. 

• The variation of the measured values depends on the exposure pattern and thus 
on the exposure situation. It is lower for uniform exposure patterns (e.g. 
spraying, C) than for uneven exposure patterns dominated by splashes (e.g. 
rolling, B or dipping, D), but this applies equally to patches and coveralls. 
Therefore, more measurements may be required for non-homogeneous 
exposure patterns. 

• The positions and size of the patches on the body as used in SysDEA seemed 
to be reasonable to measure reliably the exposure. 

 
As the patch method is for some reasons a bit easier to use and cheaper and, in 
addition, results in most cases in higher exposure values when extrapolation is 
performed according to our proposal (see chapter 4.5), we propose to use preferably 
the patch method. 
 
5.2.3 Hand exposure 
 
For hand exposure, for most exposure situations slightly higher exposure values were 
measured with the interception by gloves (glove method) than with the removal method 
(handwash method), especially when rolling low viscosity liquids (B1) and when 
manually handling objects immersed in a liquid (D1, D2) or contaminated with powder 
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(E). This tendency was also evident for the other exposure situations, but less 
pronounced. Overall, both methods have been found well comparable. Considering – 
in addition – that in some cases higher exposures were measured with the glove 
method than with the handwash method, measurements with the glove method seem 
advantageous and promote conservative results of dermal exposure. It should be 
noted, however, that the substance used in SysDEA was neither volatile nor skin-
absorbent, and the conclusions drawn here are thus limited to substances with 
respective properties. 
 
Another aspect is the relation between hand and body exposure. For some exposure 
situations in SysDEA, hand exposure was found to be dominant compared to body 
exposure. This was the case for handling of immersed objects (D1, D2) and objects 
contaminated with powders (E), and also for the transfer of liquids (A2, A3), but not for 
transfer of powders (A1). Thus, there may be situations, for which measurement of 
body exposure may be dispensable, but this decision needs a careful examination or 
a preliminary study, for example with an in-situ method. 
 
5.2.4 Head exposure 
 
For most exposure situation (A1, A2, A3, B2, D1, D2, E), wipes measured higher 
exposure levels compared to the headband. In addition, the ranges of measured 
exposure levels were generally comparable or larger for the headband method. 
 
Head exposure was generally found to be in the same order of magnitude as body 
exposure when compared on the level of area concentrations. However, due to the 
much smaller surface area of the head the contribution to the total body exposure was 
very low. 
 
In conclusion, for tasks as those investigated during the SysDEA project, it might not 
be necessary to focus on head exposure when monitoring dermal exposure due to the 
much lower exposure levels. It might be considered to extrapolate levels of body 
exposure also to the head. However, other tasks can result in relevant levels of head 
exposure, for example when a substance is sprayed upwards. For these cases, wipes 
appear to be more appropriate due to the more conservative results. Nevertheless, if 
body exposure is measured with coveralls featuring a hood, measurement of head 
exposure as part of the coverall may be a practical alternative.  
 
5.2.5 Fluorescence method 
 
Using a fluorescence tracer and taking photographs under UV light is a relatively 
simple way to determine the distribution and pattern of exposure on the body. This is 
helpful to define a measurement strategy for measurement campaigns.  
 
However, the fluorescence method investigated in this project is currently not suitable 
for quantitatively estimating dermal exposure levels based on fluorescence images 
alone. The body exposure determined by the fluorescence method in this project is 
considerably lower than the values determined by the interception or removal methods. 
This applies to exposure situations with liquids as well as with powders. Thus, the 
fluorescence method used in the project appears less conservative than the other 
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methods. At least at the current stage of development, the described fluorescence 
method is therefore no substitute for interception or removal methods. 
 
5.2.6 Transferability of SysDEA results to real workplace situations 
 
The variation of the values measured within an exposure situation was generally 
greater than the differences between the measurement methods. Even higher variation 
can be expected for measurements at real workplaces, because random influences, 
e.g. differences in handled objects or treated surfaces, varying amounts of substances, 
or accidental contact with contaminated surfaces, were largely suppressed in the 
SysDEA experiments. For the evaluation of real workplaces, the measurement method 
is therefore likely to have only a rather minor influence on the result. However, as 
explained above, the differences are systematic and depend on the extrapolation 
method. 
 
Despite the artificial standardisation of the situations studied in SysDEA, an exploratory 
comparison with published exposure measurements from real workplaces showed a 
fairly good qualitative agreement of the importance of hand and/or body for total dermal 
exposure. Quantitatively, the SysDEA experiments systematically resulted in lower 
exposure values compared to literature for body and/or hand exposure for half of the 
exposure situations (B2, C1, C2, D1, D2). For some exposure situations, the exposure 
levels were comparable to published workplace exposure levels (e.g. A1, B1, D1, D2) 
for body and/or hands. Only for pouring of liquids (A2, A3) the detected exposure 
seemed to be exaggeratedly high compared to published workplace values. Beyond 
that, the SysDEA results, as expected, mostly cover much smaller ranges of values.  
 
 
5.3 Derivation of recommendations for measuring methods and 

exposure estimation 
 
Conclusions can be drawn for head exposure, body exposure, hand exposure and 
regarding the documentation of dermal exposure measurements: 
 
a. Hand exposure 

• We recommend the glove method for measuring hand exposure, because this 
method was found to be the more conservative one. For most exposure 
situations, gloves measured higher exposure levels than the handwash method, 
but the opposite was not observed for any of the investigated exposure 
situations. 

• The in-situ method as used in the SysDEA project is currently not considered 
suitable for a quantitative estimation of the hand exposure. 

 
b. Body exposure 

• At least measurements with patches require the extrapolation to surfaces 
representing the human body, but there is currently no clear definition of how 
this extrapolation should be carried out. Our proposal is to extrapolate both, data 
obtained with patches or with coveralls, to standardised body surface areas. We 
propose those published in Mangelsdorf et al. (OECD 2014), see in Table 4.6 
of this report. 
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• For measurement of body exposure, the patch method might be the best option 
for most situations, because it is conservative (delivering consistently higher 
values than the whole body dosimetry when extrapolated as proposed) and 
easier as well as cheaper to conduct. 

• The patch method is especially appropriate for tasks where a homogeneous 
distribution of body exposure is expected (e.g. spraying applications) and/or 
where worst-case exposure levels are appropriate. 

• The in-situ method as used in the SysDEA project is currently not considered 
suitable for a quantitative estimation of body exposure but can be a helpful 
addition with regard to obtain qualitative information on exposure patterns, e.g. 
for setting up a measurement strategy for measurement campaigns. 

 
c. Head exposure 

• For most situations, head exposure might be negligible. For all tasks 
investigated in the SysDEA project, head exposure was found to be very low 
compared to hand and body exposure. However, for some tasks relevant head 
exposure may occur. Therefore, our recommendation is to consider the 
occurrence of head exposure within the planning phase of an exposure study 
and, if expected to be minor, to include a formal statement about why such a 
conclusion was drawn, justifying the omission of respective measurements. 

• If occurrence of a relevant level of head exposure is expected, measurements 
using head wipes seem more appropriate than using headband due to the more 
conservative and less variable results. 

 
d. Considerations regarding the documentation 

• The investigated work situations need to be described in detail, including all 
relevant working steps and information on their durations. 

• The procedures used for extrapolation need to be described clearly including 
information about the surface areas used for extrapolation. 

• General information about the training of the workers executing the investigated 
tasks should be given. 

• A complete documentation is obligatory of treatment of samples, including 
transport, information about recovery rates, the analytical method and the 
calibration data.  

• For each single measurement, the following key information shall be provided 
• Durations of the investigated task(s) and the measurement. If non-exposure 

times (e.g., breaks) are included in the measuring time, their duration shall 
be indicated. 

• Amount and concentration of the measured substance that was 
handled/used during the task. 

• Values measured on the individual segments should be reported. 
• Any transformation of the results, for example relation of measured amounts 

to work durations or amounts handled, should be described clearly. 
• In principle, mg/cm² should be given as the unit of dermal exposure. This refers 

to the mass of the tested substance in mg and the area of the relevant body 
surface in cm². For conversions to other units, which are also common for 
dermal exposure, further information, such as duration of activity, quantity of 
product used, concentration of the substance in the product, etc., should also 
be documented. 
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Annex 2:  RISKOFDERM model results 
 
Filling, mixing or loading of solids:  
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Filling, mixing or loading of liquids: 
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Dispersion hand-held tools – Viscosity like water: 
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Dispersion hand-held tools – Viscosity like oil: 
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Spraying: 
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Immersion 
 

 
 

 
 
 


	SysDEA: Systematic analysis of dermal exposure to hazardous chemical agents at the workplace - Project report II
	Contents
	Kurzreferat
	Abstract
	1 Introduction
	2 Literature review
	2.1 Literature search and screening method
	2.2 Database development and structure
	2.3  Analysis of literature (exposure data)
	2.3.1 Product groups
	2.3.2 Commercial sectors
	2.3.3 Tasks
	2.3.4 Information on methods used to measure dermal exposure
	2.3.5 Information provided in published studies and recommendations for information reporting in future studies


	3 SysDEA Project – experimental design for comparative dermal exposure measurements
	3.1 Other controlled experimental setup studies 
	3.2 Selected tasks, measurement methods and substance properties
	3.2.1 Terms used in this report
	3.2.2 Selection of the investigated working tasks 
	3.2.3 Selection of the measurement methods to be compared
	3.2.4 Substance selection

	3.3 Short summary of the Experiments

	4 Comprehensive analysis of the measured data
	4.1 Literature comparing dermal measurement methods
	4.2 SysDEA: Evaluation of experimental design and representativeness
	4.3 Samples measured below LOQ
	4.4 Hand exposure
	4.4.1 Findings from the literature
	4.4.2 Overview of hand exposure measured in SysDEA
	4.4.3 Influence of the sampling media’s capacity

	4.5 Body exposure
	4.5.1 Overview of body exposure measured in SysDEA
	4.5.2 Extrapolation of the determined amounts
	4.5.3 Conclusions for exposure levels as published in literature
	4.5.4 Exposure patterns and range of exposure levels observed with both methods

	4.6 Head Exposure
	4.7 Influence of substance properties
	4.8 Fluorescence method discussion

	5 Discussion, Recommendations, Final Conclusion
	5.1 Background and objectives
	5.2 Conclusions
	5.2.1 Comparison of measurement methods with regard to effort and expenses
	5.2.2 Body exposure
	5.2.3 Hand exposure
	5.2.4 Head exposure
	5.2.5 Fluorescence method
	5.2.6 Transferability of SysDEA results to real workplace situations

	5.3 Derivation of recommendations for measuring methods and exposure estimation

	6 Acknowledgements
	7 References 
	Annex 1:  Complete literature list from review
	Annex 2:  RISKOFDERM model results



