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Deus semper major 

Genom sprickorna kan vi skymta den som är . . . större.  



  



 

Abstract 

This thesis deals with methological issues in the study of chemical exposure and sick 
building syndrome (SBS). SBS is a combination of general, mucosal and skin 
symptoms that some people experience when staying in specific buildings. The aim 
was to find chemical patterns associated with SBS, but also to address methological 
problems in such study. 
The plan was to conduct a case-control study comparing the two groups’ chemical 
exposure, where cases were defined as those having at least one general, one mucosal 
and one skin symptom each week the last three months. For the planning it was 
necessary to know if cases and controls could be selected from the same building. If 
everyone in a building have the same chemical exposure it is no use to compare 
exposure between two persons at the same workplace. In the first paper exposure to 
more than 100 compounds is compared between 79 participants working in eight 
buildings. It was found that for the majority of compounds the variation in exposure 
was larger within buildings than between buildings, which means that cases and 
controls could be allowed to work in the same building. 
The second paper is a comparison of three adsorbents usability in finding differences 
in chemical exposure between SBS cases and controls. This was done by using 
chemometrical methods but comparisons of sampled amounts, blank values and 
reproducibility were also done. Tenax TA was found to be the best adsorbent, hence 
used in the case-control study. 
In recent years ozone and ozone reaction products with unsaturated volatile organic 
compounds (VOCs) has been in focus. Nitrogen dioxide is another gas affecting 
oxidation of reactive VOCs. Formaldehyde is an irritant formed when unsaturated 
VOCs are oxidised, and in some studies a relation with SBS has been found. In paper 
three the relation between personal exposure to formaldehyde, nitrogen dioxide, 
ozone, terpenes and SBS has been investigated among more than 200 office workers 
in a case control study in Umeå and Vasa. Cases (based on symptoms during the week 
of measurements) had lower ozone exposure than controls. No further associations 
were found at present exposure levels. A planed analysis of relations to VOCs could 
not be done due to analytical problems, and problems due to difficulties with 
consistent identification of compounds in a very large data set. These problems are 
further discussed in the thesis. 
In the case-control, study participants answered questionnaires about symptoms 
during “the past three months”, “right now” (when answering the questionnaire), and 
during the week of exposure measurements. In the fourth paper the stability of 
symptoms were compared by answers at different occasions. It was found that the 
case/control concept was as stable as individual symptoms. More participants with 
atopic disease and those 41 years old or younger changed class compared with those 
without atopic disease and older participants. Measurement activities appeared to 
make participants report more symptoms. Fatigue, dry eyes and dry skin are suggested 
to be symptoms with strongest, and illness/dizziness to be weakest association with 
IAQ. 



 

Sammanfattning 

Denna avhandling behandlar frågor kring sambandet mellan ospecifik 
byggnadsrelaterad ohälsa, i dagligt tal ”sjukahus-sjukan” (eng. Sick Building 
Syndrome, SBS), som kan definieras som en kombination av allmän-, 
slemhinne- och hudsymtom som vissa personer upplever i särskilda 
byggnader. Målsättningen med de studier avhandlingen baserar sig på var att 
hitta kemiska mönster associerade med SBS, samt att undersöka olika 
metodfrågor vid studier av SBS. 

Avhandlingen bygger på en inledande metodstudie (artikel 1 och 2) samt en 
fall-kontrollstudie (artikel 3 samt kappa) där även stabiliteten hos olika SBS-
symtom studerades (artikel 4). 

En fall-kontrollstudie gjordes för att jämföra den kemiska exponeringen bland 
SBS-fall (definierade som personer med minst ett allmän-, ett slemhinne- samt 
ett hudsymtom varje vecka de senaste tre månaderna) med exponeringen 
bland kontroller. I den första metodstudien undersöktes och jämfördes 
variabiliteten i kemisk exponering inom och mellan byggnader. Eftersom 
kontrollpersonerna skall representera hela populationen är det önskvärt att 
kontroller kan väljas slumpvis. Detta förutsätter en variation i kemisk 
exponering inom byggnader, annars skulle fall och kontroller, om de kommer 
från samma byggnad, ha samma exponering och en jämförelse av deras 
exponering skulle inte tillföra någon information. I denna studie undersöktes 
exponeringen för mer än 100 ämnen hos 79 kontorsarbetare i åtta byggnader. 
För de flesta ämnen var variabiliteten större inom än mellan byggnader, vilket 
innebar att kontroller kunde väljas slumpvis i fall-kontroll studien. 

I den andra artikeln jämfördes tre adsorbenters (Carbopack B, Chromosorb 
106 och Tenax TA) förmåga att hitta skillnader i kemisk exponering mellan 
SBS-fall och kontroller. Detta gjordes med hjälp av kemometriska metoder 
tillsammans med jämförelser mellan adsorbenterna med avseende på antal 
detekterade av provtagna ämnen, blankar och reproducerbarhet. Tenax TA 
visade sig vara den adsorbent som bäst uppfyllde behoven. 

Den tredje artikeln utgår från resultaten i fall-kontrollstudien, där bland annat 
exponeringen för formaldehyd, kvävedioxid, ozon och terpener mättes under 
en vecka hos mer än 200 kontorsarbetare i Umeå och Vasa. Fall (utifrån 
symtom under mätveckan) hade lägre ozonexponering än kontroller. Inga 
andra samband återfanns mellan exponering och SBS. Avsikten var även att 
undersöka sambandet mellan SBS och flyktiga organiska ämnen. Inga sådana 



 

samband kunde påvisas, och en bidragande orsak kan vara problem med 
konsekvent identifiering av olika ämnen i den stora datamängd som insamlats. 
Detta diskuteras vidare i kappan. 

I fall-kontrollstudiens första enkät svarade deltagarna på frågor om sina 
symtom ”de senaste tre månaderna”, just nu (vid svarstillfället) och om några 
av symtomen lindrades när de inte var på sin arbetsplats. De tillfrågades även 
om symtom under den vecka som det mätte sin kemiska exponering. I den 
fjärde artikeln jämförs stabiliteten hos olika symptom genom att jämföra 
symtom vid olika tillfällen (dvs svaren i enkäterna som distribuerades vid två 
olika tillfällen). Det konstaterades att klassificeringen i fall och kontroller 
visade sig ha samma stabilitet som de enskilda symtom som varierar mest. 
Vid mätningarna av deltagarnas kemiska exponering ökade rapporteringen av 
symptom vilket tolkades som en ökad medvetenhet om symptom. Vi föreslår 
att trötthet, torra ögon och torr hud är de symtom som är starkast, och  
illamående/yrsel svagast associade till inomhusluftens kvalitet. 
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Abbreviations and explanations 

3mon Answers to questions about symptoms during the last 
three months 

Aetiology Cause of illness 
ALI Arbetslivsinstitutet (National Institute of Working Life 
Atopy A hereditary predisposition to produce Ig-E antibodies to 

common antigens. In this thesis: having atopic eczema, 
asthma or allergic rhinitis 

Attribution Assignment of symptoms 
C106 Chromosorb 106 (adsorbent) 
CB Carbopack B (adsorbent) 
DWM During the week of measurement 
Enthalpy Energy content, in this context a function of temperature 

and relative humidity of air 
GC/MS Gas chromatography/Mass spectrometry 
HPLC High Performance Liquid Chromatography 
IAQ Indoor air quality, the perception of air, and its  impact on 

human health and wellbeing (Fanger, 2005) 
ICC Intra-class Correlation Coefficients 
Meta-analysis Calculations based on results gathered from several 

studies.  
MO Microorganism 
MVOC Microbial volatile organic compound 
PC Principal Component 
PCA Principal Components Analysis 
PLS Projections of latent structures by means of partial least 

squares 
PLS-DA Partial Least Squares Discriminant Analysis 
Prevalence Occurrence of an illness in a population at a specific time 
RH Relative Humidity 
RT Retention Time 
SBS Sick building syndrome. A combination of general, 

mucosal and skin symptoms that some people experience 
in specific buildings 

TTA Tenax TA (adsorbent) 
UV Ultra Violette 
VOC Volatile organic compound with a boiling point between 

50-100 °C and 240-260 °C (WHO, 1989). 
WHO World Health Organisation 



 

Introduction 

Humans in industrialised countries spend most of their time indoors, and often 
take a good environment for granted without further consideration. However, 
sometimes the indoor environment may have adverse effects on people’s 
health, indeed problems associated with the indoor environment have been 
known for a long time; even in Leviticus 14:33-57 there are directions 
regarding actions that should be taken to investigate if a “plaque of leprosy” 
has occurred in a house and, if so, deal with it. 

Much environmental research has focused on outdoor environments, but 
intensive efforts have also been made to create good indoor environments, 
leading (inter alia) to the establishment of guidelines for ventilation, 
temperature, lightning, noise, ergonomic furniture, and in industrial 
environments threshold limits for exposure to various chemicals. However, 
less is known about adverse health effects of exposure to chemicals at levels 
normally found in indoor air, and there are no guidelines concerning non-
industrial exposure to chemicals, with the exception of radon (which is known 
to cause lung cancer) and  carbon monoxide (Boverket, 2008). Nevertheless, 
there are illnesses for which the aetiology is not known, notably symptoms 
that some people experience when staying in certain buildings. The symptoms 
are often unspecific, and they can have several causes, but they have been 
summarised as “sick building syndrome” (SBS). 

What is SBS? 

When considering the nature of “sick building syndrome” it should first be 
noted that the name is misleading, since it suggests that the building is the 
cause of the problem, which is not necessarily the case. Furthermore, 
buildings cannot be sick. For these reasons, other names have been suggested, 
like “unspecific building related illness” and simply “building-related illness, 
although the latter risks confusion with specific building related illness such 
as legionellosis. Despite these objections, the term SBS is used in this thesis 
because it is widely used and understood. 

Symptoms 

The symptoms that people suffering from SBS experience can be divided into 
general, mucosal and skin symptoms. The most common general symptoms 
are reported to be fatigue, heavy-headedness, headache, nausea/dizziness, and 



 

difficulty to concentrate. Mucosal symptoms are dry eyes, itching/irritated 
eyes, dry nose, irritated/stuffy/runny nose, hoarseness/dry throat and 
coughing, while skin symptoms are dry facial skin, flushed facial skin, 
itching/stinging/tight/burning sensation on facial skin, and itching on body 
(Andersson et al., 1988; Pejtersen et al., 2006; Stenberg et al., 1993; WHO, 
1983). Some authors have also included lower airway symptoms like chest 
tightness; difficulty breathing, and wheezing (Apte et al., 2000), or unusual 
symptoms, such as joint pain and excessive thirst (Shoemaker and House, 
2006) 

Who is affected and how common is SBS? 

In the general population there is always a “background” level of symptoms 
(Eriksson and Stenberg, 2006) and in “all” buildings people can be found with 
some unspecific symptoms of SBS type. (Brightman et al., 2008; Stenberg, 
1994). However, in some buildings there may be above-normal frequencies of 
people with symptoms, and higher than normal frequencies have been 
reported among office workers (Apte et al., 2000; Stenberg, 1994), hospitals 
and health care workers (Nordstöm et al., 1995; Shoemaker and House, 2006) 
and both pupils and workers in schools (Norback, 2009). There have also been 
reports of SBS in residents of some buildings (Engvall et al., 2000; Sahlberg 
et al., 2009; Takeda et al., 2009). 

It is difficult to definitively assess the general prevalence of SBS, partly 
because there is no generally accepted definition of the syndrome. To 
investigate its prevalence, questionnaires with questions about symptoms have 
been distributed to groups of interest, and in some studies the prevalence of 
individual symptoms has been estimated (Marmot et al., 2006; Norback and 
Edling, 1991; Skyberg et al., 2003). However, some studies have only 
examined symptoms experienced by people attributing symptoms to specific 
locations (Saijo et al., 2004), some have classified SBS cases with different 
combinations of symptoms (Brasche et al., 2001; Stenberg et al., 1993), and 
some studies have not stated how they obtained frequency data (Kinman and 
Griffin, 2008). These variations severely complicate attempts to compare 
different figures of prevalence, but Screcec et al (2005) reviewed the literature 
and found prevalence figures ranging from 3.9 %, for specific combinations of 
symptoms, to 88 % for individual symptoms. 



 

Consequences 

The severity of symptoms also varies widely, from barely noticeable to 
sufficiently severe to cause sick leave, and in worst cases qualification for 
disability pensions. In a follow-up of 239 patients referred for SBS symptoms 
to the Departments of Dermatology or Occupational Health at Umeå 
University Hospital, it was found that the severity of symptoms decreased 
with time, but nearly half of the studied patients declared, after seven years or 
more, that their symptoms remained unchanged. At follow-up, 25 % were on 
sick leave, and 20 % were drawing a disability pension due to persistent 
symptoms (Edvardsson et al., 2008). This implies that SBS causes not only 
personal suffering, but also high costs for society. Poor indoor air quality 
(IAQ) also reduces productivity; in a study in which volunteers performed 
“office tasks” it was found that they typed increasingly slowly and made more 
mistakes while exposed to a 20-year-old carpet (Wargocki et al., 2002). 
Exposure to three-month-old computers in the same set up gave similar results 
(Bako-Biro et al., 2004). There are also studies showing that increased 
ventilation results in increased productivity and well-being among workers 
(Seppanen et al., 2006). 

As mentioned above, the public costs of SBS are substantial; in the US it has 
been estimated that the costs of health care, sick leave and reduced 
productivity due to SBS are $ 4-70 billion per year (Mendell et al., 2002), and 
in Sweden the public costs are estimated to be several billions SEK per year 
(Socialstyrelsen et al., 2001). The figures are uncertain, but it can be 
concluded that improving IAQ could yield major savings (Mendell et al., 
2002). 

What causes SBS? 

There are several well-known risk factors for SBS, which are commonly 
divided into individual, environmental and psychosocial factors. No single 
factor provoking the symptoms has been identified, despite many years of 
research, and it is likely that more than one contributory factor has to be 
present to provoke symptoms. 

Individual factors 

The strongest individual factor is gender; women are affected more often than 
men (Redlich et al., 1997). The results are not unequivocal (Kinman and 
Griffin, 2008; Marmot et al., 2006), but most studies have found a clear 



 

overrepresentation of symptoms among women. No differences in working 
conditions have been found that could explain this, although several studies 
have investigated the difference. Instead, postulated reasons for the gender 
bias include the possibilities that women may be more sensitive to 
environmental factors, have drier skin and mucosa, and higher work loads at 
home (Brasche et al., 2001; Stenberg and Wall, 1995) 

Age is also considered to be a risk factor; in Sweden for instance the 
symptoms, in the general population, are twice as common in the 30-39 year 
old age group than in other ten-year groups (Eriksson and Stenberg, 2006). 
However, no consistent relationship between age and the prevalence of SBS 
has been found in different studies (Norback, 2009). 

Other individual risk factors that have been mentioned include atopy and 
asthma (Redlich et al., 1997; Runeson et al., 2006), but it is possible that 
people with these conditions state that they have some SBS symptoms more 
often than the general population in responses to questionnaires, because of 
their illness, which may increase the likelihood that they will fulfil case 
criteria, rather than because of SBS. 

Personality has also been discussed as a possible contributory factor. 
Neuroticism  - disposition to experience distress, anxiety, annoyance, anger, 
depressive symptoms, self consciousness, and low self esteem (Smith and 
MacKenzie, 2006) – was found to be a “major” factor, together with self-
reported physical health and the type of ventilation, in a multiple regression 
model explaining 15 % of variance in symptoms among 171 female office 
workers developed by Gomzi et al. (2007). In addition, Berglund and 
Gunnarsson (2000) studied 120 persons living in apartments with known IAQ 
problems, and found that negative affectivity (or neuroticism) and 
somatisation (the tendency to experience psychological distress in the form of 
physical symptoms) (Gidlöf Gunnarsson, 2002) explained 17 % of the 
variance in symptoms among participants. 

Psychosocial factors 

Several psychosocial factors have been found to be associated with SBS, such 
as stress, job demands and lack of social support (Bakke et al., 2007), job 
satisfaction and work control (Marmot et al., 2006), work-related depression 
and anxiety (Kinman and Griffin, 2008). Other authors have found that stress 
is not a risk factor if good social support is present (Runeson et al., 2006). 
However, the possible associations between psychosocial factors and SBS 



 

have only been examined in cross-sectional studies to date, thus it is not 
possible to discern causes and effects. It is possible that the mentioned factors 
increase susceptibility or vulnerability to deficiencies in the environment, but 
the reverse is also possible; perceived symptoms may lead to dissatisfaction or 
decreased control over people’s working situations, making them depressed 
and distressed (Kinman and Griffin, 2008). 

Environmental factors 

A number of environmental factors have been found to increase the risk for 
SBS. One major factor is ventilation; an increased flow of outdoor air 
decreases the risk of SBS. The need for ventilation depends on the number of 
pollution sources in a room, and their strength. Present guidelines are based 
on the need to dilute body odours from people staying in a room, and in 
Sweden the lowest recommended level is 7 l/s and person engaged in 
sedentary work, and if other pollution sources are present, an additional 0.35 
l/s and m2 are required (Arbetsmiljöverket, 2009). This is a minimum 
requirement, and a meta-analysis indicates that if the outdoor air flow is 
increased from 10 to 25 l/s and person the risk for SBS symptoms decreases 
by 29 % (Fisk et al., 2009). An indirect measure of IAQ is the concentration 
of carbon dioxide (CO2) since it is exhaled by humans. Arbetsmiljöverket 
recommends that CO2 concentrations should be kept below 1000 ppm at 
workplaces where humans are the main pollution sources (Arbetsmiljöverket, 
2009). 

Seppänen and Fisk (2002) reviewed the literature and compared the risks for 
symptoms among people working in buildings with different ventilation 
systems. According to the reviewed studies the risk increases 1.3-to 3-fold if a 
building has air conditioning, and 1.4- to 2.3-fold if it is mechanically 
ventilated, compared with naturally ventilated buildings. The cited authors 
point out that the reviewed studies did not always take into account possible 
confounding factors, but that the results are concordant. They suggest several 
possible explanations for the differences, including: 

-dirty filters and ventilation channels 
-spread of fibres or growing microorganisms (MO) by the ventilation system 
-outdoor air pollution, like exhaust fumes, entering buildings via ventilation 
systems 
-natural ventilation may give higher air change rates 
-the presence of recirculating air 
-closed windows reduce people’s ability to control temperature, resulting in 
higher perception of symptoms 



 

-the reviewed studies were biased on participants’ knowledge about the 
present ventilation system and their answers may have been influenced by 
their expectations 
-the air velocity is higher in mechanically ventilated or air-conditioned 
buildings, resulting in faster desiccation of eyes and mucosa. 

Comfort temperature is highly individual (van Hoof, 2008), and our 
perception of air quality is substantially influenced by its temperature and 
humidity (Fang et al., 2004). A linear correlation between enthalpy (energy 
content, which is a function of both temperature and humidity) of air and 
peoples’ perception of air quality has been found in the intervals 18-28 °C and 
30-70 % relative humidity (RH). Air with low enthalpy, i.e. dry and cool air, 
is perceived as being fresher than warm humid air, and this difference is more 
pronounced if the air is clean rather than polluted. Odours from different 
building materials are relatively little affected by the energy content of air 
(Fang et al., 1998), but the enthalpy of air has been shown to affect the 
perception of general symptoms. For instance, Fang (2004) found that the 
ability to think clearly decreased while the incidence of headache and fatigue 
increased with increases in temperature and RH in the intervals 20-26 °C and 
40-60 %, respectively. Mucosal and skin symptoms may also be affected; 
Reinikainen and Jaakkola (2003) found that skin dryness and rash, nasal 
congestion and dryness decreased with increases in RH (in the temperature 
and RH ranges of 21.5-23.7 °C and 27-41 %, respectively), while the 
incidence of nasal congestion and sneezing increased with increased 
temperature. No significant effects were found on eye symptoms. In contrast, 
Wyon et al (2006) found higher blinking frequency at 5 % RH than at 35 % 
RH after five hours exposure, and that tear film quality deteriorated at lower 
RH. The same effect was seen if the temperature of air, passing over PVC and 
linoleum carpets, was raised from 22 °C to 26 °C. A low RH also decrease 
participants’ speed of typewriting, proofreading and number of additions 
performed per minute. 

Temperature and humidity affect emissions from different materials. 
Increased temperature and RH increased the emissions from studied wall 
paints and floor varnishes in a study by Fang et al (1999), but not those from 
an examined carpet, PVC flooring and sealants. It is worth noting that 
emissions of several substances even increased solely with increases in RH. 

Dampness is considered to be a well-known risk factor for SBS (Bornehag et 
al., 2001), and dampness is a basic condition for several factors associated 
with SBS. Dampness affects various materials and can enhance chemical 



 

reactions. For example, if a concrete floor with glued PVC flooring becomes 
wet the alkaline conditions under the flooring may cause hydrolysis of the 
glue and/or flooring with associated formation of volatile organic compounds 
(VOCs) such as 2-ethyl hexanol, 1-butanol and iso-butyl acid (Chino et al., 
2007). 

Dampness is also essential for the growth of microorganisms (MO), although 
different MOs have different requirements for optimal growth. Bacteria can 
cause infections, and cell wall components of many Gram-negative bacteria 
are toxic (endotoxins). Some endotoxins are very potent, provoking reactions 
at concentrations as low as 1 ng/ml (Diks et al., 2001). It has been shown in 
provocation studies in laboratories that dust containing endotoxins give rise to 
SBS symptoms, and reduced corneal break-up time (BUT), but it cannot be 
concluded that endotoxins cause SBS in real situations (Molhave, 2008). One 
unexpected and important source of endotoxins is tobacco smoke (Sebastian 
et al., 2006), but since smoking is prohibited in workplaces and public places 
in Sweden, it is unlikely to be a common problem. 

Spores from mould can give rise to serious illnesses, such as allergic 
alveolitis, which may be caused by work with mouldy hay (Rylander et al., 
1991). Spores and cell walls contain β-1,3-glucan, a substance with immune 
suppressive and inflammatory properties that also affects mitosis (Singh, 
2005). MOs also emit a large number of VOCs when growing. The types and 
amounts of compounds formed are influenced by temperature, oxygen and 
carbon dioxide concentrations (Sunesson et al., 1997), and the material on 
which the MOs grow (Claeson et al., 2002) Some commercial companies, e.g. 
Pegasus Lab, and AnaZona (both based in Uppsala) claim that these 
compounds can be used to indicate mould growth. However, the diagnostic 
utility of VOCs of microbial origin (MVOCs) has been questioned in a study 
of 40 dwellings with and 44 dwellings without established mould problems. 
The acquired data provided no evidence of any significant association 
between the presence or extent of mould-infested areas and MVOCs 
(Schleibinger et al., 2008). The cited authors point out that several MVOCs 
have other indoor sources, such as cigarette smoke and cooking, and conclude 
that analysis of MVOCs has too low sensitivity and specificity for reliable 
identification of risks for exposure to MOs. Furthermore, in a provocation 
study of healthy volunteers with air from mouldy material no obvious effects 
were detected after an hour exposure to “low” levels of air from mouldy 
material. However, after 10 minutes exposure to “high” levels of air from 
mouldy material enhanced skin symptoms were noted (Claeson et al., 2009). 



 

If there is an association between the occurrence of different MOs and SBS, 
one possible reason that it has not been possible to prove it, might be that it is 
difficult to obtain relevant exposure estimates of MOs due to the high 
variation of indoor levels, which require several repeated measurements to 
obtain good exposure metrics, and repeated measurements are uncommon. 
Levels of viable mould, measured during 10-minute intervals, can vary more 
than 100-fold during single days, and more than 1000-fold between different 
days, according to measurements taken in a residence between October and 
March (Hyvarinen et al., 2001). In addition, indoor levels of fungal aerosols 
are directly affected by outdoor levels (Burge, 2002). 

Equipment, material and cleaning 

It has been found that the presence of some office equipment increases the 
risk of experiencing symptoms. Used computers (Bako-Biro et al., 2004), 
printers, self-copying paper and paper dust (Jaakkola et al., 2007) are 
examples of such equipment. Old carpets (Wargocki et al., 2002) and poor 
cleaning resulting in high levels of respirable dust also increase the risk for 
symptoms (Kemp et al., 1998). 

 

Hypotheses and aims of the thesis and underlying 
studies 

Currently there is a lack of reliable tools to assess IAQ in non-industrialised 
premises. The air we breathe contains a large number of chemicals, but the 
levels of individual chemicals are orders of magnitude lower than exposure 
limits specified in occupational exposure regulations. Nevertheless, some 
people are affected by indoor air quality, and usually the causes of the 
experiences/problems are unknown. There are no guidelines or generally 
accepted practices to interpret results of measurements that are sometimes 
made in buildings where people with SBS symptoms live or work. It is also 
possible that we are unable to detect the chemicals that affect peoples’ health.  

This thesis is based on two studies; the first is a methodological study (Papers 
1 and 2), and a second is a case-control study (Papers 3 and thesis) which also 
resulted in a methodological study (Paper 4). Two main hypotheses were 
addressed; the first was that chemical exposure is an important contributory 
factor to SBS, since there is a correlation between outdoor air flow and risk of 



 

SBS (Figure 1) (Stenberg et al., 1994). Psychosocial factors or personality are 
suggested explanations for SBS (Marmot et al., 2006), but they are not 
influenced by outdoor air flow, only chemicals (and particles/aerosols) are. 
The second is that even though the offending chemical/chemicals are 
unknown (or we may not even have suitable methods to measure them) they 
are emitted from sources together with other measurable substances that 
should provide “chemical profiles”, or fingerprints, associated with SBS, and 
that it should be possible to identify those “profiles” by chemometric 
methods. 

 
Figure 1. Risk for SBS in relation to outdoor airflow Stenberg (Stenberg et al., 1994) 

Measurements of physical and chemical factors have been performed in many 
studies. In most cases these have been performed at one or a few places in 
each building, assuming that the samples would be representative for a group 
of persons. One of the hypotheses addressed in the studies underlying this 
thesis was that personal exposure measurements give better estimates of 
exposure than stationary measurements. To evaluate this approach stationary 
and personal exposure was measured. 

The main purpose of this project was to find chemical patterns associated with 
SBS, but in order to obtain valid data it is essential to ensure that both 
chemical profiles and SBS can be described appropriately. The symptoms are 
common and can be elicited by several factors, hence symptoms caused by 
poor IAQ cannot be easily distinguished from those caused by other factors in 
a simple way. Peoples’ consciousness and reports of symptoms can be 



 

influenced by several factors such as discussions at work, media reports, the 
psychosocial situation and other factors, such as participating in a scientific 
study, and these complications clearly have to be addressed in studies dealing 
with SBS symptoms. 

To estimate chemical exposure of interest it is essential to know what 
exposures are relevant, i.e. what substances should be measured, whether a 
short, high exposure is sufficient to elicit symptoms or exposure for a 
prolonged time is required, the adequacy of possible sampling methods, how 
exposure varies over time and the homogeneity of exposure within buildings. 
If exposure is uniform throughout a whole building one sample may be 
enough, but cases (i.e. people fulfilling defined criteria for SBS) and controls 
(i.e. people not fulfilling these criteria) cannot be selected from the same 
building in studies of SBS, because they will have the same chemical 
exposure. In addition, the sampling performance of the samplers must be 
identical (or at least sufficiently close to identical) every time they are 
deployed, e.g. ideally all compounds that may not desorb during analysis 
should either be released during reconditioning or cause minimal changes in 
the samplers’ sampling parameters. 

Some of these issues were addressed in the studies this thesis is based upon. 
The first study addressed two main questions: 

• How big is the variability of chemical exposure within buildings 
relative between buildings – is it possible to allow cases and controls 
in the same buildings in a case-control study? 

• Which adsorbent of three tested (Carbopack B, Chromosorb 106 and 
Tenax TA) is best suited for sampling VOCs in indoor air when the 
aim is to find differences in chemical exposure between SBS cases 
and controls? 

 

Due to results obtained in the second study (described below), the original 
main aim was abandoned, and the focus was narrowed to fewer compounds of 
interest. Two issues were subsequently addressed: 

• Is there an association between observed levels of exposure to 
formaldehyde, nitrogen dioxide, ozone, α-pinene or d-limonene and 
SBS? 

• The stability of reported symptoms among office workers. 



 

Material and Methods 

The overall design of the studies 

• At first, the chemical exposure was measured among 79 office 
workers in eight office buildings. Three adsorbents for sampling 
VOCs in office environments were used, the results obtained with 
them were compared, and the variability in personal chemical 
exposure was compared within and between buildings 

• The Swedish Work Environment Authority in Umeå provided 
information about workplaces with more than ten office workers. In 
Vasa some large working places were also chosen, together with some 
minor workplaces of which a few had known IAQ problems. 

• A questionnaire including questions on symptoms was distributed five 
times in November and February in Umea between 2004 and 2006, 
and during spring 2006 in Vasa. In total 3869 questionnaires were 
distributed to workers in 83 companies. Based on respondents’ 
answers cases and, randomly chosen, sex and age matched controls 
were selected. 

• In a case-control study, personal and 
stationary measurements of participants’ 
chemical exposure at work and in the 
bedrooms in their homes were performed, 209 
persons in 58 companies participated. 

• During each measurement week participants 
answered a questionnaire about their 
psychosocial situation. In the same questionnaire a majority of 
participants were also asked about symptoms during the week. 

• Participants’ working rooms and buildings were described according 
to a pre-defined protocol. The initial intention was to record this 
information within two weeks after measurements, but in practice it 
took up to two years after measurements. 



 

Figure 2. Scheme of the first (top) and the second study studies and the four papers. 
DWM=during the week of measurements. 

Participants 

The first study 

Before addressing the main questions about the association between chemical 
exposure and SBS symptoms, a preliminary investigation was undertaken to 
assess the variability in personal chemical exposure within and between 
buildings, and the suitability of the three mentioned adsorbents for sampling 
VOCs in office environments. In the autumn of 2000 occupational safety 
engineers at occupational health care services, premises managers at Umeå 
Kommun and Umeå University, and various consultants were asked if they 
knew about office buildings with IAQ problems. At three of the 
organisations/companies there were known problems, and in addition to those 
another five companies were chosen more randomly. Company managers and 
unions were informed about the study by phone and letters (Appendix 1), and 
subsequently asked to participate in the study. They were asked to send lists 
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with their office workers’ home addresses, and to suggest a person who could 
be responsible for handling some of the equipment. 

Two weeks before planned measurements a questionnaire (Appendix 2), cover 
letter (Appendix 3) and reply envelope were sent to the homes of employees 
at one company at a time. Based on the answers cases were chosen together 
with randomly selected controls, forming sets of up to 10 persons in each 
building, who simultaneously carried the sampling equipment during a 
working week. The chemical exposure of 52 women and 27 men, in total, 
working in eight different buildings was measured. 

The second study 

In order to identify chemicals associated with SBS it was decided to perform a 
case-control study, which would also enable risks associated with exposure to 
observed chemical patterns to be calculated. In a study such as this, the 
required sample size is dependent on the fraction of controls exposed, and the 
power of the study, i.e. the study’s ability to detect a real difference, and the 
risk of detecting a difference that does not exist (α-error). It was decided to 
accept an α-error of 0.05, a power of 90 % was desired, and it was assumed 
that 20 % of controls were exposed. In the ”The Office Illness Study in 
Northern Sweden” (Stenberg et al., 1994) it was found that workers in offices 
with an outdoor air flow of less than 7 l/s and person had a doubled risk of 
suffering from SBS compared with those with an outdoor air flow of more 
than 7 l/s and person. Ventilation provides a fairly rough estimate of indoor 
air pollutants, and since it was planned to measure the air pollutants 2.4 was 
considered to be an acceptable lower detection limit of risk. Based on these 
criteria the required sample size was calculated using the program Epi Info 
(Centres for Disease Control and Prevention, Atlanta, GA, USA), which 
indicated that 150 cases and 150 controls were needed. 

In autumn 2003 inspectors at the Swedish Work Environment Authority in 
Umeå were contacted and asked to provide a list of workplaces with more 
than 10 office workers in Umeå. This lower limit of company size was chosen 
to reduce the number of companies that had to be contacted by the project 
administrator. As in the first study, company managers and unions were 
contacted, and if they were willing to participate, lists of employees’ home 
addresses were provided. Twice per year, in February-March and September-
November, between 2004 and 2006, the same questionnaire as in the first 
study was distributed. Those not responding within two weeks were sent a 
reminder and another copy of the questionnaire. Within each round of 



 

distributed questionnaires cases and control were chosen in the same way as 
in the first study, and based on results from the first study, it was assumed that 
cases and controls could be randomly selected, including cases and controls in 
the same building. 

In spring 2005 it was realised that it would not be possible to recruit sufficient 
participants in Umeå, and since a co-operation had started with Svenska 
Yrkeshögskolan i Vasa (SYH, now NOVIA) it was decided to perform 
measurements among office workers in Vasa too. To recruit the required 
number of cases rapidly, large companies and municipal administrations 
together with some minor companies, were contacted and invited to 
participate in the study. The ethical committee in Vasa did not approve the 
forwarding of home addresses to us, so questionnaires with a covering letter 
and reply envelope were distributed to potential participants’ workplaces. 
Those not responding within two weeks were sent a reminder. 

Definition of cases and controls 

Cases and controls were chosen among those received questionnaires at the 
same time. Cases were defined as participants who indicated in responses to 
questionnaire 1 that they had suffered at least one general symptom, one 
mucosal symptom and one skin symptom, i.e. at least three symptoms every 
week during the preceding three months. Controls were matched for sex and 
age (±5 years), and randomly selected from those not fulfilling criteria for 
cases. Smokers were excluded to avoid the risk that compounds adsorbed to 
clothes and then sampled would interfere with the chemical analysis of other 
compounds. As mentioned above, based on the results in study 1, in the 
second study cases and controls working in the same building were allowed. 

Questionnaires and building survey 

The first questionnaire (Appendix 2) included complementary questions about 
participants’ work, education, family situation, physical situation at home and 
materials used in different rooms, illness, symptoms and psychosocial 
situation. The symptoms enquired about were general symptoms (fatigue, 
heavy-headedness, headache, nausea/dizziness and difficulties concentrating), 
mucosal symptoms (dry eyes, itching or irritation of the eyes, dry nose, 
irritated/stuffy or runny nose, hoarse or dry throat and coughing) and skin 
symptoms (dry facial skin, flushed facial skin, itching/stinging/tight or 
burning sensation on facial skin, itching skin on the body), and the answer 
alternatives were No never, Yes sometimes and, Yes often (every week). We 



 

also asked if any of these symptoms disappeared when participants were not 
at work (Yes/No) and if they were experiencing any of the symptoms “right 
now”, i.e. when they filled in the questionnaire (Yes/No). In a cover letter 
participants were asked to fill in the questionnaire independently without 
discussing symptoms at work. 

During the week of measurements participants were asked to answer a 
previously used questionnaire (Eriksson et al., 1996) regarding their 
psychosocial situation. Two statements were added: “I am for the most part 
content with my social situation outside work” and “I am for the most part 
content with myself and my life situation”. The questionnaire was designed by 
Dr Nils Eriksson, previously of the Department of Sociology, University of 
Umeå. After measuring the chemical exposure of about 40 participants it was 
realised that it might be of interest to ask subjects about their symptoms 
during the week of measurements. Thus, questions included in the first 
questionnaire were added to the psychosocial questionnaire  (Appendix 4. For 
this reason, responses of 172 participants were assessed in Paper 3 and 209 in 
Paper 4. 

In Vasa there was both a Swedish and a Finnish set of questionnaires. To 
ensure that questions were understood in the same way, the original Swedish 
questionnaire was translated to Finnish and then back to Swedish again by a 
second person. A third person compared the two Swedish versions, and if 
there were unacceptable differences the procedure was repeated, but with a 
clarification given to the Finnish translator. 

If chemical patterns associated with SBS were to be found, it would be 
desirable to be able to relate them to sources in the buildings, enhancing 
investigations of problems in buildings. Therefore, a structured survey of 
buildings and participants’ working places was planned (Appendix 5). The 
protocol was developed together with Dr Thomas Olofsson (Department of 
Applied Physics and Electronics, Umeå University), Anders Nordström 
(Historiska Hus, Umeå) and Dr Berndt Stenberg (Department of Dermatology 
and Venerology, Umeå University). This was based on the protocol used in 
“The Office Illness Study in Northern Sweden” (Stenberg et al., 1992), and 
the co-workers’ own experiences. To minimize the risk of conditions at the 
workplaces changing between the chemical analyses and surveys, the initial 



 

Fact Box 1. The vests used for measurements and 
storage of samplers. 

Exposure measurements in a study should ideally be acquired in the same 
way for each participant, and to ensure that samplers were placed in the 
location and position on each participant, vests (with sizes ranging from 
XS to XXL) were designed, with pouches at the front in which samplers 
were placed. In the first study pumps were used; to avoid the tubes 
between the pumps and the samplers becoming constricted, they were fed 
through loops stitched to the back of the vests. Pumps were placed in the 
pocket of the vest or held by a belt. Before sampling started every autumn 
and after every sampling occasion the vests were cleaned in the same way, 
using perfume-free washing powder, at the same laundry. Between 
sampling occasions, vests were stored in large airtight plastic bags. Thus, 
if chemicals were released from the vests their profiles should have been 
uniform for all vests.  

The vest also acted as a shield, reducing the amounts of chemicals that 
adsorbed to participants’ clothes at home, were subsequently released and 
reached the samplers. 

In the first study a large number of samplers were used, and for 
convenience boxes for storing the samplers and auxiliary equipment were 
made from foam plastic. 

A B 

Figure A and B. The vest with locations and positions of samplers. Storage box for 
samplers. 

 



 

aim was that the same person with good building technical knowledge and 
long experience would survey all buildings within two weeks after the 
chemical measurements. That proved to be impossible in practice. In total six 
persons surveyed the buildings, and the time between chemical measurements 
and the survey varied between two weeks and two years. The acquired 
information was collected by personal inspection, contact with workers and 
premises managers. Measurements of ventilation were obtained from 
measurements of flows in air ducts or ventilation exhausts using Airflow TA 
anemometers (Mätforum, Nacka, Swedn) and SwemaFlow 125 air flow 
meters (Swema, Farsta, Sweden), calibrated in both cases according to their 
manufacturers’ instructions. 

Chemical measurements and analysis 

Chemical measurements were performed between two weeks and four months 
after receiving returned questionnaires. Both in the first and the second study 
personal exposure measurements were performed utilising the vest described 
in a Fact Box 1 to ensure the same placing of samplers on every participant. In 
the first study amines, formaldehyde, nitrogen dioxide, ozone, airborne 
particles and VOCs were measured. In the second study measurements of 
amines and particles were excluded. 

Before sampling began, the trial leader met all participants working in a 
building performing sampling at the time, and informed them about the study 
and how to handle samplers. Together with the trial leader participants 
mounted their samplers on their vests. Finally, the air flow was checked in the 
samplers using pumps, which also gave the trial leader a final opportunity to 
inspect, and if necessary, correct each participants’ mounting of samplers. 
Every participant received written instructions on how to handle the samplers 
and equipment. After a week every participant was gathered, samplers and 
equipment were collected and the participants gave feed-back on the sampling 
week to the trial leader. 

In the first study amines were sampled using 1-naphthyl isothiocyanate-coated 
XAD-2 tubes for primary and secondary amines, and a charcoal tube for 
tertiary amines (both from SKC) using an SKC Pocket Pump (Scantech, 
Partille, Sweden) with an airflow of 200 ml /min. The amines were then 
analysed by high performance liquid chromatography (HPLC) according to 
Lindahl et al (1993) and Andersson and Andersson (1989) 



 

Formaldehyde was sampled with diffusive samplers on filter papers 
impregnated with 2,4-di-nitrophenylhydrazine (DNPH) and analysed by 
HPLC with a UV detector according to Levin (1988) at Arbetslivsinstitutet 
(ALI), Umeå. 

Nitrogen dioxide was sampled with a diffusive sampler of Willem badge type. 
The filter was impregnated with triethanol amine and acetone, and analysed 
for formed nitrite by a colorimetric method using a flow injection analysis 
system (Hagenbjork-Gustafsson et al., 2002) at Arbetslivsinstitutet, Umeå. 

Ozone was sampled with diffusive samplers on filters impregnated with nitrite 
that was oxidized to nitrate and analysed by ion chromatography according to 
Ferm (2001) at IVL Swedish Environmental Research Institute (Gothenburg, 
Sweden). 

Particles were sampled with black 3-piece Omega Leak-free Cassette aerosol 
monitors (No. A-002550SAC, SKC Omega Specialty Division, TX, USA) 
equipped with 25-mm pre weighed cellulose acetate/cellulose nitrate filters 
with 0.8 mm pores (AWP from Millipore) using an SKC AirCheck 2000 
pump (Scantec, Partille, Sweden) operated at 2 l/min. The particles were then 
measured gravimetrically at ALI, Solna. In every building investigated in the 
first study one sample was collected on a gold-plated filter to obtain electron 
micrographs (at Arbetslivsinstitutet, Solna). 

Volatile organic compounds were sampled by diffusive sampling using Perkin 
Elmer stainless steel tubes (50 x 4.9 mm) equipped with a diffusive cap. In the 
first study the tubes were packed with Tenax TA (Varian, 60-80 mesh), 
Chromosorb 106 (Chromosorb, 60-80 mesh) and Carbopack B (Supelco 60-80 
mesh). The Tenax TA was freshly packed and conditioned according to the 
manufacturer’s recommendations. The other tubes were packed within a year 
before sampling. All tubes were used in routine activities at 
Arbetslivsinstitutet. The use of every tube was tracked according to the 
Standards of Operation Procedures at ALI, Umeå. Measurements of 
participants’ exposure to VOCs were performed simultaneously with all three 
adsorbents in duplicate. 

In order to compare personal and stationary measurements VOC samplers 
were placed at participants’ desks (avoiding possible exhaust from 
computers). 



 

In the second study pre-packed stainless steel tubes (50 x 4.9 mm) packed 
with Tenax TA and equipped with diffusive caps, were bought from Markes 
International Inc., Llantrisant, UK. Before use each tube was reconditioned, 
on the same day or the day before, according to the manufacturer’s 
recommendations. For each round of sampling two tubes were sealed and kept 
after reconditioning at the lab as blanks.  

Adsorbents were desorbed by thermal desorption using an ATD 400 thermal 
desorber (Perkin Elmer), with helium as carrier gas and a desorption 
temperature of 250 °C for 5 minutes, while the cold trap with Tenax TA was 
kept at -30 °C. Desorbed substances were analyzed by GC-MS, using an 
HP6890 gas chromatograph with an Ultra-2 column (50 m x 0.2 mm with 0.33 
µm 5 % phenyl–methylpolysiloxane as solid phase, from Agilent), the 
temperature of which was initially held at 35 °C for 5 min, then increased by 
10 °C/min to 250 °C and held at 250 °C for 5min. The mass spectrometer, an 
Agilent 5976, was operated in scan mode, from m/z 35 to 300 with 70 eV EI 
ionisation. Samples analysed after November 2005 were analysed using 
another identical ATD/GC/MS system and another column but of the same 
type (Fact Box 2)  

Toluene was used as a standard for quantification in the first study, and octane 
in the second study. The concentrations of the analytes were calculated as 
toluene or octane equivalents, using an uptake rate for toluene on Tenax TA 
of 0.43 ml/min (Plant and Wright, 1999). 

For each analysis cycle/sequence a series of standards were analyzed at the 
beginning and at the end to obtain a calibration curve, and QC samples were 
run at least every 14th sample. Blanks were run after the first series of 
standards in each sequence and thereafter samples were run in random order. 

In both studies duplicate samples were taken, but in the first study only one of 
each pair of duplicates was analysed, while in the second study both of each 
pair was analysed, and average amounts detected in them were calculated. In 
the analyses of the acquired data, retention times, relative to toluene in each 
respective run were first calculated for all peaks. (Toluene was found in 
almost every sample, if not, the retention time for toluene in an immediately 
preceding or subsequent sample was used.) In the investigation described in 
Paper 2 only relative retention times (rel RT) were used for the identification 
of peaks. In the second study several methods for identifying peaks were 
tested, e.g., the results from all samples were transferred into one file, then 
relative RTs were grouped into six-second intervals, and within each interval 



 

peaks identified as chemically similar compounds were given the same name. 
For instance, peaks identified as alkanes eluting in a given interval were all 
given the same unique name or, for broader peaks, the same unique name 
across two or three intervals. Peaks eluting within the same interval with 
similar mass spectra were given the same unique name. If peaks in replicate 
samples eluting in the same time interval were given different identifiers their 
mass spectra were compared, and if they were found to include coeluting 
peaks both identifiers were used and the quantified amount was split 
according to the relative peak areas. The average level of duplicates was used 
in subsequent calculations. For data handling Excel 97 and 2007 were used. 

In the second study a temperature and RH logger was placed beside the 
stationary VOC samplers, and temperature and RH were logged every 1.5 
minute with ETI TR 849-020 data loggers (Pentronic, Gunnebo, Sweden). The 
original plan was to acquire personal measurements, but the influence of the 
participants’ body temperature made personal measurements impossible.  

In the second study sampling of amines and particles was abandoned for the 
following reasons. Firstly, measurements of both substances required pumps, 
which needed to be calibrated before each sampling. Secondly, the pumps 
needed to be charged during the sampling period and although the pumps for 
amine sampling could be charged by the participants themselves, charging of 
the pumps for sampling particles required a special device, hence one person 
had to be responsible for charging all the pumps used at the same time. 
Thirdly, the pumps were considered too heavy to carry and some participants 
thought they made a “lot” of noise in quiet office environments. The original 
plan was to analyse VOCs adsorbed to particles, but noise from blank filters 
was too high since the filter holders emitted chemicals that adsorbed to the 
filters. Further no “automatic” procedure was available for characterising the 
electron micrographs, hence the only characterisation of airborne particles 
applied after initial attempts to analyse micrographs was weighting of filters 
after sampling, which gave too little information in relation to the effort 
involved. In addition, no amines were found in the samples taken in the first 
study. For these reasons, neither amines nor particles were sampled in the 
second study. 

Another part of the original plan was to measure participants’ exposure at 
work and at home in order to examine associations between SBS and total 
exposure, exposure at work and exposure at home. SBS is twice as common in 
the 30-39 year age group than in other 10-year age groups (Eriksson and 
Stenberg, 2006) and many people in that age group have small children. It is 



 

difficult to carry a child and a sampling vest at the same time, so it was 
decided to only take measurements in participants’ bedrooms. Participants 
were instructed to place their samplers on a bedside table or chair near the 
head end of their bed. Participants were instructed to open the samplers when 
they arrived at their work, or went to bed, and close them when they left the 
building, or got up in the morning. 



 

Fact Box 2. Gas chromatography/Mass 
spectrometry (GC/MS). 

Gas chromatography is a method to separate volatile non-reactive compounds. First, the 
sample has to be collected from the sampler, either by rinsing the adsorbent with a solvent, 
or by heating the adsorbent in a nitrogen stream and collecting the sample on another 
adsorbent connected with the GC. The advantage of solvent rinsing is that the same sample 
can be analysed several times using different systems. The advantage of thermal desorption 
is that the whole sample is analysed at the same time, increasing sensitivity when low 
amounts are available. The latter method was used in these studies. 
In GC/MS the sample is applied to a thin silica tube (column) covered on the inside by a 
thin, chemically bonded layer of an appropriate substance (phase) to retain the chemicals to 
be separated. A gas (often helium) is led through the column, and the compounds in the 
samples partition between the column and the gas, depending on their boiling points and 
affinity to each phase. The compounds then leave the column (elute) at different times 
(retention times), depending on their physico-chemical properties (Figure C). 
In order to separate compounds with high boiling points, columns are kept in an oven 
which allows the column temperature to be controlled and increased in a desired manner. 
Through temperature programming it is possible to control their separation and the time 
each separation takes, i.e. how long it takes for all compounds to emerge (“elute”) from the 
column. 

 
Figure C. Gas Chromatography.  
 
At the end of the column there is a detector (in these studies, a mass spectrometer, MS, 
operating in electron impact mode) to measure compounds as they elute. In such an MS 
system, compounds eluting from the column are struck by a beam of electrons with a 
specific energy which breaks the molecules into fragments. Molecules are not randomly 
fragmented, but broken between atoms with the weakest bonds. Hence, the fragments 
formed create fingerprints (mass spectra) of the original molecules. Acquired mass spectra 
can be compared with commercially available “libraries” of spectra, in order to identify 
compounds present in the sample. However, in order to identify a compound with 
confidence, reference compounds have to be analysed and both the acquired mass spectra 
and retention times of the reference compounds and compounds detected in the sample 
must agree (if internal, isotopically labelled standards are not available). 
Fragments generated in the MS are generally detected and quantified by a photomultiplier, 
which provides data on the contributions to the total ion current, forming the gas 
chromatogram (Figure D) yielded by fragments with specific mass to charge (m/z) ratios 
(Figure E). The sizes of peaks in gas chromatograms are calculated by an integrating 
programme with operator-defined parameters, including peak width and the minimum area 
required to accept peaks. Hence, substances that take longer than ideal times may be  



 

 

Fact Box 2. Gas chromatography/Mass 
spectrometry (GC/MS) cont. 
divided into more than one peak. In the studies reported here organic acids were examples 
of compounds that eluted in such broad peaks. In every chromatogram adjacent peaks were 
merged if they were given the same identifier when their mass spectra were compared with 
reference spectra in the NIST’98 or NIST’02  (National Institute of Standards and 
Technologies, MD,US) libraries. 
Problems in identifying compounds in a sample arise if there is insufficient separation and 
two, or more, compounds elute at the same time. Fragments from more than one compound 
will then be mixed and it will be difficult to decide which fragments arose from each 
progenitor molecule. 
Another problem is that different molecules may break into almost identical fragments, 
thus yielding very similar mass spectra. To separate such compounds they must have 
different retention times on the column used for the analysis, which is not necessarily the 
case. 
Eluting compounds are quantified by comparing responses with a standard curve obtained 
from analyses of reference (standard) compounds in a range of concentrations. For 
absolute quantification, a standard curve has to be constructed for every substance being 
quantified, since the fragmentation of different substances varies. If a large number of 
substances are to be quantified the response of a reference substance is often used, but 
when comparing results from different studies it is necessary to be mindful of the units 
used. In the studies this thesis is based upon toluene or octane equivalents were used. 

  
Figure D. Example of a gas chromatogram from an indoor air sample 

  
Figure E. Relative total ion current at different mass numbers forming the mass spectrum 
of limonene. 
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Statistical methods 

In the studies reported in Papers I and 2, Principal Component Analysis 
(PCA) was used to create models of chemical exposure. Partial Least Squares- 

Discriminant Analysis (PLS-DA) was then used to find differences in 
chemical exposure between SBS cases and controls, the methods are 
described in Fact Box 3. To evaluate the created models their Q2 and R2 
values were compared. Q2 values describe a model’s ability to predict classes 
that objects belong to, while R2 values provide a measure of how well a model 
describes the variability in the data it is based upon. Both values can vary 
between 0 and 1, where 1 describes perfect prediction and a perfect fit of the 
model to the data, respectively. Data were mean-centred and scaled to unit 
variance, and finally log-transformed to improve the normality of the 
distribution of the variables (most of which had skewed distributions). For 
further information see Fact Box 3, about multivariate methods. 

PCA and PLS-DA were also used in the efforts to find chemical patterns 
associated with SBS. VOCs found in more than 5 % or 25 % of samples were 
included in this analysis. Relative retention times were used as identitiers for 
peaks assigned identities by references to NIST02 (Mass Spectral Library, 
National Institute of Standards and Technology, Gaithersburgh, MD,US). data 
occurring in less than 5 % of the samples. 

In the study described in Paper 2, intra-class correlation coefficients (ICC) 
were calculated and used to compare the variation in the data that depended 
on use of different adsorbents, and to compare the similarity of measurements 
of each substance obtained using different adsorbents. ICC values were also 
used to compare the reproducibility of measurements acquired using the same 
adsorbents. ICC values can vary between -∞ and 1, where 1 indicates identical 
measurements. ICCs are further explained in Fact Box 4. Other used tests 
were t-test, χ2-test, non-parametric tests like Mann Whitney U (comparison of 
exposure for two groups) and Kruskal-Wallis (comparison of exposure for 
more than two groups) when comparing data with skew distribution, Kaplan-
Meier test were used when several measurements were below the detection 
limit (ozone), McNemar test were used to compare changes in classification 
between groups. 

The study was approved by the Ethical Committee of Umeå University, dnr 
00-101, and by the Ethical Committee at Vasa Sjukvårdsdistrikt 86/2005. 



 

Fact box 3. Chemometric Methods 

Humans are good at seeing patterns in pictures but very poor at finding patterns in tables, 
hence in chemometrics data tables are transformed into pictures to facilitate the recognition 
of differences or groupings in chemical data (Eriksson and Umetrics Academy, 2006). 
If three variables (x1, x2, x3) are measured for a number of objects the variables can be 
plotted using a three-dimensional coordinate system in which each object can be 
represented by a point (Figure F). In this coordinate system a vector (first principal 
component, t1) can be calculated that describes the largest amount of variation in the data, 
then another vector (second principal component, t2), describing the second largest amount 
of variation, oriented “orthogonally”, i.e. perpendicular to, the first vector (Figure G). A 
plane is thus formed onto which all objects can be projected, providing a two-dimensional 
image of objects with measurements for three variables. Mathematically this can be 
repeated, if necessary, for many variables plotted against each other in a multi-dimensional 
coordinate system, and multiple principal components can be calculated that can be 
combined, forming a two dimensional picture (score plot). The similarity between different 
objects can then be readily assessed (visually and/or mathematically) from their closeness 
to each other in the score plot, since objects with similar properties in terms of the 
measured variables will be close to each other. This procedure is called Principal 
Component Analysis. 

F G 

Figure F and G. Three variables plotted against each other. In B two principal 
components are calculated, oriented perpendicular to each other, describing the largest 
amounts of variation in the data. 

Within a principal component each variable has a “loading” value describing the degree to 
which it affects the model. Loading values for different principal components can be 
plotted against each other in a loading plot, and variables positioned in the loading plot at 
locations corresponding to those of objects in the associated score plot vary in similar ways 
within the group of objects considered. 
The optimum number of principal components to describe the variation in a dataset can be 
assessed by internal evaluation, a process in which a pre-defined fraction of all objects are 
excluded and a model is created based on the remaining observations. The model is then 
used to predict the excluded observations, and the difference between measured and 
predicted values is calculated. This procedure is repeated until all observations have been 
excluded once. If the difference declines when a new component, perpendicular to the  



 

  

Fact box 3. Chemometric Methods cont. 
previous one, is included it is retained in the model, but the procedure is halted when 
addition of a principal component results in an increase in the difference between 
measured and predicted values. Two values can then be calculated for the resulting model: 
Q2 which provides a measure of its predictive ability, and R2 which describes how well the 
model describes the variation in the data. Both values vary between 0 and 1, where 1 
indicates that the model predicts the data perfectly and explains all the variation in the data. 
Another method used to analyse complex datasets is PLS (projections to latent structures 
by means of partial least squares), which is used when some of the variables (X) co-vary 
with one or several effects or responses (Y). The observations are arranged in data matrices 
containing either x-values or y-values. As in PCA, each observation is plotted in a 
multidimensional space but each observation is represented by a point in x-space and a dot 
in y-space. Vectors within these spaces are then oriented to reflect both the largest 
variation in each space and the relationship between the spaces. 
PLS-DA is a method used to classify data, based on the same principles as PLS. The 
method classifies objects according to their Y-values; for each class a Y-variable is created 
for which observations belonging to the class are assigned a value of 1 and any other 
observations are assigned a value of 0. 
To facilitate handling, the data need to be mean-centred, i.e. the average for each variable 
is calculated and subtracted from each value. If data are plotted on an axis the mean value 
will be 0, and if several variables are plotted against each other observations will be 
centred at the origin. 
If two variables are plotted against each other the magnitude (and units) of each variable 
will influence the degree to which it affects the model. For example, if one variable varies 
between 2 and 5, and a second between 200 and 500, variations in the second variable will 
affect the plot much more than the first variable. However, if the units are changed, so that 
the values of the first variable range between 2,000 and 5,000, the first variable will have 
much stronger effects. To circumvent this problem data are often scaled to unit-variance, a 
process in which the values of each variable are divided by the standard deviation of the 
variable, hence all variables have equal importance in the resulting model. There are other 
ways of scaling, in which (for example) variables with large values are assigned greater 
weighting than small variables, but such procedures were not applied in the studies upon 
which this thesis is based. 
In the search for compounds associated with SBS, values’ or variables’ influence on 
projection (VIP) has been applied. A VIP value summarises a variable’s importance (w*, 
weight) for all components in a model, taking into account the variation explained by each 
component. The average VIP values for all variables in a model must be equal to 1, and 
variables with high VIP values have most influence on the model (Eriksson and Umetrics 
Academy, 2006). 



 

 

  

 

 

 

Fact box 4. Intra-class Correlation Coefficients (ICC) 

The result of measurements of participants exposure for a compound sampled 
with two or more adsorbents can schematically be described as in the following 
table. 

Participant Adsorbent Average 
1 2 .. j .. k 

1 x11 x12  x1j  x1k 1• 
2 x21 x22  x2j  x2k 2• 
..        
i xi1 xi2  xij  xik i• 
..        
n xi1 xi2     n• 

Average •1 •2  •j  •k •• 

Where BMS=mean squares between peaks and EMS=residual mean square 

xij=measurement of participant i (i=1,n, i.e. the participant where the compound 
has been detected) and adsorbent j (1,k, i.e. Carbopack B, Chromosorb 106 or 
Tenax TA). 

In the comparison of adsorbents agreement the average of duplicate 
measurements are used for each adsorbent, and in the comparison of the 
adsorbents reliability the duplicates are used instead of adsorbents in the table 
above. 



 

Results 

The questionnaire used in the first study -  
Papers 1 and 2 

In the first study the questionnaire was distributed to 580 persons working in 
eight buildings, and 367 (63 %) persons answered and returned the form. The 
chemical exposure of 79 persons, 52 females and 27 males (14 and one of 
whom were cases, respectively) was measured. 

Paper 1 

In total 518 VOCs were detected in the samples from the 79 participants in the 
first study. More than 20 participants were found to be exposed to 119 of 
these VOCs, formaldehyde, acetaldehyde, nitrogen dioxide, ozone and 
particles. Using SPSS software, the variance components were calculated for 
buildings and individuals and their relationships were compared for each 
substance. When the ratio between variance components for 
buildings/individuals was between 0.9 and 1.1 they were regarded as equal. 
For most substances (78 %) the variability was larger between individuals 
than between buildings. For 14 % of the substances the variability was larger 
between buildings, and for the remaining 8 % the variability was equal 
between buildings and individuals. This was the basis for accepting cases 
working in the same building as controls in the second study, since if 
everyone working in the same building had had the same exposure comparing 
the exposure of controls and cases in the same building would have been 
futile. 

A Principal Component Analysis was performed using data for the 124 
substances and a score plot of the first two Principal Components (PCs) is 
shown in Figure 2. The plot shows that although the largest variability was at 
the individual level there were sufficient similarities within buildings to 
cluster groups of buildings. 
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Figure 3. Score plot of the first two principal components obtained from the Principal 
Component Analysis of the chemical exposure of office workers in the first study. Each dot 
represents the chemical exposure of one participant. The numbers indicate the buildings they 
were working in. 

Paper 2 

In the second part of the first study three adsorbents were compared to select 
the most suitable adsorbent for sampling VOCs associated with SBS in 
offices. It was found that Carbopack B (CB) yielded the lowest numbers of 
peaks, and detected the lowest amounts in not only samples but also blanks. 
This resulted in CB yielding the best ratios for both numbers of peaks and 
detected amounts of analytes between samples and blanks (Table 1). The 
numbers of peaks obtained from Chromosorb 106 (C106) blanks were similar 
to those obtained from Tenax TA (TTA) blanks, but the number of peaks 
detected in samples was higher with TTA. The average amounts sampled with 
C106 were slightly smaller than those obtained with TTA, but C106 sampled 
the highest individual amounts. Blank values were higher for TTA than for 
C106, but closer consideration of the history of individual tubes revealed that 
TTA blanks yielding the highest levels had been used in some heavily 
contaminated environments, indicating that reconditioning of the tubes had 
not been sufficiently in some cases. 

The reproducibility of sampling was higher with TTA than with both CB and 
C106, as manifested in higher ICC values (Table 1). 

In PLS-DA models constructed in attempts to separate SBS cases and 
controls, data acquired from sampling with TTA proved to provide the best 
basis for models predicting cases and controls in internal evaluation, i.e. they 



 

had the highest Q2 values (Table 2). Mainly for this reason TTA was selected 
for sampling VOCs in the second study. 

Table 1. Numbers and amounts (ng/tube) of peaks detected in more than 10 out of 60 samples, 
and more than three out of 18 blanks from samples obtained using the three tested adsorbents 
(ng/tube calculated as toluene equivalents), and ICC values for duplicate samples of the 30 
most commonly detected peaks for each adsorbent. CB=Carbopack B, C106=Carbopack 106 
and TTA=Tenax TA. 

Adsorbent No. Peaks 
detected 

No. Peaks 
Sample/Blank 

ΣVOCAverage 
(range) 

ΣVOCAverage 
Sample/Blank 

ICCMedian 
(range) 

CB Sample 49 

3,5 

451 
(42-1310) 

17 0.36 
(-0.07-0.92)  Blank 14 27 

(3-77) 
C106 Sample 126 

2,2 

1120  
(380-4690) 

5 0.34 
(-0.033-0,97)  Blank 58 225 

(47-590) 
TTA Sample 162 

2.9 

1190 
(540-2860) 

4 0.52 
(-0.16-0.97)  Blank 56 294 

(9-994) 

 
  



 

Table 2. R2X, R2Y and Q2 values of PLS-DA models constructed to separate SBS cases and 
controls for all buildings and the PCA-distinguished groups of buildings. The presented figures 
were derived using data from each adsorbent separately, and pooled data obtained using Tenax 
TA+Carbopack B. A= derived number of components in the models yielding maximum Q2 

values. 
Building All 2 3-4 5-7 

No. of samples 59 24 24 11 

Carbopack B 

A 1 1 2 2 

Q2 0.140 0.166 0.566 0.543 

R2X 0.113 0.292 0.328 0.449 

R2Y 0.34 0.406 0.837 0.817 

      

Chromosorb 
106 

A 3 3 2 2 

Q2 0.027 0.49 0.333 0.030 

R2X 0.491 0.455 0.366 0.425 

R2Y 0.597 0.918 0.721 0.408 

      

Tenax TA 

A 3 2 3 1 

Q2 0.412 0.604 0.621 0.847 

R2X 0.331 0.433 0.422 0.374 

R2Y 0.81 0.818 0.935 0.832 

      

TTA+ CB 

A 3 2 2 1 

Q2 0.567 0.712 0.717 0.89 

R2X 0.389 0.361 0.328 0.521 

R2Y 0.817 0.884 0.89 0.917 

The questionnaire used in the second study - Papers 3 
and 4 

The number of distributed questionnaires, response rate and numbers of 
participating companies and persons in the second study are shown in Table 3. 
A third of identified cases did not want to participate or were excluded from 
measurements due to being smokers, not working most of their time in their 
working room, working less than half time, having ceased employment or 
moved. In Vasa it proved impossible to measure the chemical exposure of all 
cases found within winter time, so a large number of possible cases and 
controls were left unmeasured. 



 

Table 3. Number of distributed questionnaires, response rate and participating companies.  

 Umeå Vasa Total 

Number of 
companies 65 18 83 

Returned / 
distributed 
questionnaires 

1586/2419 
(66 %) 

757/1450 
(52 %) 

2343/3869 
(61 %) 

Number of cases 120 
(7,6 %) *  

Participants 166 
(45 companies) 

43 
 (13 companies) 

209 
 (58 companies) 

* In Vasa 67 cases were found (8.8 %), however smokers were not included, and thus the 
prevalence figures cannot be compared between cities. 

Paper 3 

The chemical exposure to formaldehyde, nitrogen dioxide and ozone was 
measured at the workplaces and homes of participants. Among measured 
VOCs only exposure to terpenes (α-pinene and d-limonene) at work was 
included. In Vasa measurements of studied substances were only taken at 
work. 

Exposures to formaldehyde, nitrogen dioxide and ozone were higher in Vasa 
than in Umeå, while the reverse applied for exposure to d-limonene. Cases 
(based on a answers about symptoms DWM) were exposed to lower levels of 
ozone than controls. No significant differences in other exposures were found 
between SBS cases and controls (based on a answers about symptoms the last 
three month or DWM). 

The relationships between different exposure levels and how often symptoms 
were experienced (often, sometimes or never) were investigated for three 
groups: the whole group, cases (since they might represent a particularly 
sensitive group), and controls (who represented the general population). 
Associations between significant differences (p<0.05) in exposures and 
specific symptoms were found, in accordance with expectations due to the 
large number of tested relationships. However, participants who experienced 
symptoms “sometimes” often had the highest or lowest exposure. The only 
consistent was between NO2 at work and how often participants experienced 



 

dry nose. Exposure to α-pinene at work showed a similar association with 
itching/stinging/tight or burning sensation on facial skin. 

The effects of different combinations of high/low exposure to ozone and 
terpenes were investigated since their reaction products have suggested 
involvement in SBS (Weschler, 2006), but the only significant difference 
found was between presence or absence of cough and combinations of ozone 
and d-limonene levels (p=0.003). Exposure to a combination of low levels of 
ozone and low d-limonene was consistently associated with increased number 
of symptom reports for all symptoms, though not significant. 

Paper 4 

It is desirable to obtain a measure of symptoms during the time of chemical 
measurements, but the perception of symptoms may be affected by the 
measurements. Therefore, in the second study participants answered questions 
about their symptoms during the preceding three months, and “right now” 
(RN), i.e. when answering the first questionnaire. In the second questionnaire, 
about participants psychosocial situation, 172 participants also answered 
questions about their symptoms during the week of measurements (DWM), 
providing an opportunity to compare answers regarding the prevalence of 
symptoms during the three occasions. Cases reporting symptoms RN and 
DWM were classified in a corresponding way as earlier; to be regarded as a 
case a person had to suffer for at least one symptom from each of the three 
symptom groups. One have to have in mind the differences in classifications 
when interpreting the results. 

When asked about symptoms DWM, 67 % retained their previous 
classification, four out of five cases retained their class, and three out of five 
controls retained their class. Participants with atopic disease and those 41 
years old or younger changed class more often than those without atopic 
disease and older than 41 years. 

As shown in Table 4, fatigue was the most common symptom on both 
occasions (3mon-DWM) when questions regarding symptoms were asked. It 
was also the symptom that the highest proportion of participants gained, i.e. 
reported the symptom during the week of measurements but not in response to 
the first questionnaire. Headache is the symptom that the highest number of 
participants gained, and it was also the symptom that least participants 
experienced in the same manner on the two occasions. Irritated/stuffy or 
runny nose was the symptom that the lowest fraction of participants lost, but it 



 

was also the symptom with the largest difference between numbers of 
participants gaining and losing, indicating that reporting it is most affected by 
the measurement situation since the difference ought otherwise to vary around 
0. Itching/stinging/tight or a burning sensation on facial skin was the symptom 
that was gained by lowest fraction participants, hence it is the most stable 
symptom and least affected by measurements.  

Only one participant who experienced nausea/dizziness on the first occasion 
still experienced it at DWM. Each of these participants worked at different 
workplaces and it is unlikely that the quality of the air they were exposed to 
changed at nearly all workplaces, thus changes in IAQ are unlikely 
explanations for the changes in their reported experience of this symptom. 
The conclusion is that the symptom is not strongly associated with IAQ. 

The main conclusion drawn from the study reported in Paper 4 is that peoples’ 
responses about symptoms during a period when they are performing 
measurements appear to be affected by the exposure measurements, which 
increases their reporting of symptoms. Symptoms should be measured as close 
as possible, in time, to chemical measurements. Fatigue, dry eyes and dry skin 
are suggested being the individual symptoms strongest, and nausea/dizziness 
the weakest symptoms associated with IAQ. The most stable symptoms are 
itching/stinging/tight/burning facial skin, flushed facial skin and cough. 
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Data from the second study 

In the second study, the personal chemical exposure at work of 209 
participants was measured, including exposure to formaldehyde, nitrogen 
dioxide, ozone and VOCs. Stationary measurements of VOC were performed 
at writing-tables of 169 participants. Stationary measurements of temperature 
and relative humidity were also acquired at 27 writing-tables. Measurements 
were taken between December and April, starting in March 2004 and ending 
in April 2006. In the last year, measurements were also performed in Vasa 
until the second week in May. VOC measurements of 43 participants had to 
be abandoned due to analytical problems. 

Processing of data from VOC measurements 

VOC data were handled in the following steps: 

1. Peaks in each chromatogram were detected, integrated and quantified 
using Agilent Technologies software ChemStation version 
D.01.02.16, and identified by comparison of mass spectra with 
reference spectra in 4’02. 

2. Relative retention times (rel RT) for each peak in relation to toluene 
in each run, and the concentrations of corresponding analytes in the 
samples (depending on sampling time), were calculated. 

3. Chromatograms were divided into six-second intervals and each peak 
was denoted by a time interval. 

4. Peaks in adjacent time intervals with the same name were merged. 
(Mainly polar and late eluting peaks.) 

5. If the same name was suggested at different rel RT they were given 
different names. 

6. If peaks in duplicates with the same rel RT were given different 
names they were checked, and if their mass spectra were similar they 
were assigned the same name. 

7. Average amounth of each peak in duplicates were calculated. 
8. Names of peaks found in less than 5 % of samples were changed to 

their rel RT intervals. 
9. Data were then ready for statistical calculations. In matrixes intended 

for Simca calculations 1 was added to every value, including non-
detected substances (for which the value zero was obtained following 
logarithmic transformation). 



 

10. Variables with the highest VIP-values (Fact Box 3) in PLS-DA 
models, i.e. the most important variables for separating SBS cases and 
controls, were re-examined. For other peaks with rel RT ± 0.5 s 
compared with the important variables mass spectra were compared, 
and if they were similar the identifiers of the adjacent peaks were 
changed to the identifiers of the “important” ones. 

11. The procedure was repeated from step 7 with calculation of averages, 
and so on. 

The score plot obtained from the first PCA was very exciting (Figure 3), since 
there were three well-separated groups, and the expectation was that two of 
them consisted of cases with patterns of chemical exposure distinguishing 
them from controls. Unfortunately, this turned out not to be the case. Cases 
and controls were mixed within the groups. 

 
Figure 4. Score plot of the first two Principal Components of the first PCA of data for all 
chemical variables. 

A PLS-DA analysis was then performed, and according to the procedure 
described in Paper 1 variables with low VIP-value were excluded, resulting in 
a model with 105 remaining variables out of 607, and with R2X=0.108, 
R2Y=0.636 and Q2=0.424 (Figure 4). 
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Figure 5. Score plot (t[1] versus t[2]) of first PLS-DA with all chemical variables. Class 
1=cases and Class 2=controls. 

The variables with the strongest influence on separation between cases and 
controls were of great interest. Therefore, peaks in other samples eluting at the 
same rel RT ±0.5 s were checked, as described in the data handling scheme 
above, and if their mass spectra resembled those of important peaks their 
identities were changed. The “new” dataset was handled as previously 
described and a new PLS-DA model was created with an expectation that the 
same variables would remain those with highest VIP-values. That was not the 
case. 

The acquired PLS-DA models were also evaluated with the function 
“Validate” in Simca, which randomly assigns every participant as a case or 
control (permutation) and a PLS-DA model is generated, resulting in new Q2 
and R2 values. Several new models are created this way and finally the 
acquired Q2 and R2 values are plotted in a figure as shown in Figure 5, which 
provided an encouraging “validation” of the PLS-DA model, as shown in 
Figure 5. 
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Figure 6. "Validation" of the model illustrated in Figure 4. Cases and controls are "permuted" 
and Q2 and R2 values are calculated for each permutation. This is repeated several times and 
acquired Q2 and R2 values are plotted in the figure. The original Q2 and R2 values are those far 
to the right at the value 1 on the X-axis. 

Some datasets with their PLS-DA models were also evaluated by external 
evaluation, as follows. A PLS-DA model was created based on two thirds of 
cases and controls, which was used to predict whether the remaining 
“unknown” were cases or controls. Created models were not able to predict 
cases or controls. 

Indices for general, mucosal, skin and total symptoms were created by setting 
experience of symptoms never=0, sometimes=1 and every week=2. The 
frequencies of symptoms experienced in each group were summed and 
divided by the number of symptoms included i.e. Σ(frequencies of symptoms 
experienced)/(number of symptoms in group). Indices were created for both 
3mon and DWM answers, and then used as Y-variables in PLS-models. No 
valid models could be created. 

Different methods of identifying VOCs 

The procedure involving evaluation of peaks with the same rel RT as peaks 
with the highest VIP-values followed by the creation of new PLS-DA models 
was repeated several times with the same result; no consistency in the 
substances that were identified as being the most important for separating 
cases and controls. 

During this process several other attempts were made to find or create 
identifiers of peaks, for instance: 
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• Dividing rel RT values into 3 s intervals and using these intervals as 
identifiers. 

• Dividing rel RT values into 3 s intervals and after about 30 minutes 
increasing these intervals to 6 s, and using these intervals as 
identifiers. 

• Dividing rel RT values into 6 s intervals and using these intervals as 
identifiers. 

• Since mass spectra from small peaks are sensitive to fragments from 
noise or other close, large peaks, peaks corresponding to amounts of 
substances smaller than 1 ng were assigned their own rel RT intervals 
as identifiers. 

• Use of CAS numbers 
• A binary quantification was tried, 0 or 1. 
• Rel RT values were divided into 30 s intervals, peaks within these 

intervals were merged, then the intervals were used as identifiers, 
since Pommer et al. (2004) generated PCA models separating high 
and low SBS prevalence buildings and found that RT intervals 
varying between 0.09-0.69 min provided the best results.  

• Rel RT values were divided into 60 s intervals, peaks within these 
intervals were merged, then these intervals were used as identifiers. 

• Univariate differences in exposure between cases and controls were 
evaluated by t-tests and Mann Whitney U tests. (A non-parametric 
test was also applied since almost all variables had a skewed 
distribution.) There were nine variables with p<0.05 differences 
according to t-tests and 10 variables with p<0.05 differences 
according to a Mann Whitney U test out of 544 variables tested, 
which is less than would be expected by chance. These variables were 
also included in a separate PLS-DA model without any result, but no 
valid model was obtained. 

• An attempt was also made to create rel RT values based on four 
substances found in all sequences of analyses. The hypothesis was 
that columns change over time, and several reference points in 
chromatograms may compensate for changes better than a single 
reference point. The substances were, apart from toluene, d-limonene 
(RT, 17 minutes), butyl hydroxytoluene (BHT, RT 25 minutes) and 
N-butyl benzene sulfonamide (RT 30 minutes). The rel RT values 
were used for substances found in less than 5 % of samples. No valid 
PLS-DA model was obtained. 



 

Systematic variation in VOC data 

Data were checked for systematic variation over time, but none was found. 
Instead it was found that the two major groups shown in Figure 3 consisted of 
runs on the two different mass spectrometers with different columns. The 
third group consisted of samples that had been acquired using tubes for which 
the carrier gas had been turned of at the same time as the oven after 
reconditioning. Thus, the tubes were left at 325 °C in an oven without carrier 
gas, and the adsorbent was oxidized forming compounds detected in samples 
analyzed. 

Finally, only substances found among more than 25 % of participants were 
included in a PCA and the resulting score plot is shown in Figure 6. The plot 
shows a clear temporal trend, in which analytical series form groups. The 
numbers of the sequences in the figure represent the order in which they were 
run. This trend was not previously observed when all variables (substances) 
that more than 5 % of the participants were exposed to, were included in a 
PCA. 

PLS models based on the mass spectrometer used, sequence number and 
symptoms as Y variables were created, and one model with case/control as a 
third Y variable was also generated. No valid models predicting cases and 
controls were obtained. 

No significant relationship between chemical exposure estimates, as described 
above, and SBS symptoms was found. 
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Discussion 

The data acquired in the studies this thesis is based upon do not provide 
definitive answers to the main question addressed, i.e. the data do not identify 
chemicals or chemical profiles associated with SBS. There are three possible 
explanations for this. 

1. There is no association between chemical exposure and SBS. 
2. The wrong substances have been measured. 
3. The methods used were inadequate. 

The first explanation is not very likely since a clear relationship between 
ventilation and SBS has been established, and confirmed in a meta-analysis by 
Fisk et al (2009). A possible objection is that ventilation affects temperature 
and relative humidity that are associated with SBS, but studies included in the 
meta-analysis controlled for those factors. 

The second explanation is plausible. However, it ought to be possible to 
measure substances emitted from the same sources as offending substances, 
which should form detectable chemical patterns, unless those substances are 
emitted from many sources. 

The third explanation must be at least partially true, since there were problems 
both with estimates of exposure and measures of symptoms in the studies. 

Measures of exposure 

Selection of sampling strategy 

Exposure measurements are considered to have been performed in an 
appropriate manner according to the hypothesis that prolonged exposures to 
high levels of relevant substances are important for SBS. Personal exposure 
measurements are necessary, as shown in Paper 1, where it was found that for 
most substances variability is greater within buildings than between buildings. 
Furthermore, assuming that there were changes in the analytical equipment 
over time, as indicated by results obtained in the second study, the fraction of 
variability explained by differences between buildings should be even smaller 
than the data acquired in the first study indicate, since samples from different 
buildings were analysed at different times. 



 

 

Sampling on adsorbents was done by two different methods; pumped and 
diffusive sampling, as described and discussed in a Fact Box 5. Diffusive 
sampling was chosen when possible since it was considered to be essential to 
make sampling as user-friendly as possible. 

One objection might be that participants were not able to handle the 
equipment, but Liljelind et al (2001) have shown that participants perform 
measurements as well as “experts”. There were some cases of incorrect 
handling of samplers by participants, but they were considered to be 

Fact Box 5. Sampling. 

Two major modes of sampling were used in the studies underlying this thesis: pumped and 
diffusive sampling. 
In pumped sampling a pump is used to pull air through an adsorbent intended to retain 
compounds of interest. 
In diffusive sampling compounds to be sampled diffuse a specific distance, from the 
aperture of the sampler to the adsorbent, at a rate (“sampling velocity”) governed by the 
diffusive velocity of each compound (which depends on the aperture of the sampler, the 
diffusive path, the molecular weight of each compound, temperature and air pressure). The 
sampling volume differs for different compounds. Back-diffusion may also affect the 
results, since the concentration of an adsorbed compound in the adsorbent and the gas 
phase will eventually reach equilibrium, and before that the sampling rate will gradually 
decline. 
Advantages of pumped sampling: 

• The sampled air volume is known. 
• Sufficiently large samples can be obtained using short sampling times. 

Disadvantages of pumped sampling: 
• Noise. 
• Charging and calibration of the air flow are required. 
• Sampling times are limited by the pumps’ minimum airflow rates and 

breakthrough of sampled compounds (release from the adsorbent). 
• Participants may find the pump heavy and awkward to carry. 

Advantages of diffusive sampling: 
• No pump is needed. 
• The equipment is easy for participants to handle. 
• It is quiet. 
• Long sampling times are possible. 

Disadvantages of diffusive sampling 
• Sampling volumes of compounds vary, depending on their diffusive velocity. 
• Risk of back-diffusion when using an adsorbent. 
• Long sampling time requirements. 

 



 

exceptions, and their handling was noted and considered to be a minor source 
of bias in the studies. In addition, there is no obvious reason why cases and 
controls should differ in this respect. 

A deficiency of the studies is that participants’ total exposure over the day 
was not estimated and used to find differences in chemical exposure between 
cases and controls. The original plan was to not only estimate the participants’ 
total exposure, but also to separate their exposure during work time and spare 
time to find out which is more important in a large group of people. (Females 
of lower middle age were expected to be well represented since this age has 
been found to be a risk factor in some studies, and members of this group 
commonly have small children. Wearing a vest with samplers while carrying a 
child is very inconvenient, so it was decided to only measure participants’ 
chemical exposure at home while they were in their bedrooms.) In the present 
situation with problems with consistent identification of VOCs, it has not been 
meaningful to make such estimate of total exposure during a working week. 

Tenax TA was chosen as the adsorbent for VOC sampling in the case-control 
study. The main reason for this was that it showed a much better ability to 
separate cases and controls in the first study than tested alternatives, according 
to PLS-DA models presented in Paper 2. The results from the second study 
(Papers 3 and 4) raise questions regarding these models and, hence the 
suitability of Tenax TA as a sampling adsorbent, but the adsorbents were 
compared in identical tests and Tenax TA also appeared to have the best 
properties in terms of numbers of detected peaks and reproducibility (the best 
intra class correlation coefficient, ICC). The insights acquired regarding the 
effects of previous use of adsorbent tubes and the importance of rigorous 
reconditioning also support the choice of Tenax TA as an adsorbent, with the 
proviso that care has to be taken to optimize its use. 

It is of course possible that our hypothesis regarding the importance of 
average exposure for a prolonged time is erroneous, and that shorter peak 
exposures elicit symptoms when combined with other factors. 

Analytical complications and problems in the studies 

There were temporal trends in the analytical results (Figure 6) that might have 
been due to changes in the properties of either the mass spectrometers or 
(more likely) the GC columns. Columns are affected by injected samples and 
when chromatography deteriorates the column is often shortened at the 
injector side by a few decimetres. Samplers may also change over time. For 



 

instance, it is well known that Tenax TA is oxidised by ozone (Kleno et al., 
2002), forming artefacts such as benzaldehyde and 2,6-diphenyl-p-
benzoquinone. However, this should only cause problems if the surface is 
chemically modified or the surface area is significantly changed. If not, the 
adsorption properties should not be significantly affected by oxidation. Tenax 
TA also has the advantage of being thermally stable, with a recommended 
desorption temperature of 300 °C, and reconditioning temperature of 325°C. 
This reduces the risk of contaminants accumulating on the adsorbent, which 
are more severe for Chromosorb 106 since it has a large surface area and low 
thermal stability. Tenax TA is not as thermally stable as Carbopack B, but on 
the other hand substances do not adsorb to it as tightly as to Carbopack, for 
which there is also a risk of contaminants accumulating and affecting 
adsorption properties, and risks of artefact formation from non-desorbed 
substances oxidising during sampling. These might be the reasons why Tenax 
TA provided the best reproducibility in the study described in Paper 2. High 
blank values were found in the first study, but not in the second, in which 
sampling equipment was only used for diffusive sampling in office 
environments. 

There were problems with blanks in the first study. Blank tubes used for 
GC/MS analyses directly after reconditioning yielded chromatograms with 
virtually flat background lines, but if they were analyzed after storage in the 
laboratory for more than a week several peaks appeared. This may have been 
because oxygen entering the tubes after reconditioning oxidized large 
compounds that were not desorbed during reconditioning, forming new, 
smaller compounds during storage. Another possibility is that dust or particles 
contaminated the Swagelok® caps and during storage adsorbed compounds 
on the dust desorbed and were adsorbed by the Tenax TA. These problems 
were minimized in the second study where the sampling equipment was only 
used for diffusive sampling in office environments. 

Difficulties with consistent identification of VOCs 

Identifying peaks in chromatograms of analytes in environmental samples can 
be a major problem. Due to the large number of samples it is impossible to do 
this by manually scrutinising every chromatogram, which would be a delicate 
task with many potential pitfalls, and automatic evaluation would raise risks 
for even more errors. In the analysis of VOCs there was insufficient resolution 
in the gas chromatography, in which more than one substance frequently 
eluted at the same time, and if two substances with the same retention time are 
present in the same sample, the resulting mass spectra will be identified as a 



 

third substance by comparison with NIST library data, instead of the two 
substances actually present. Further, if the relationship between the two 
substances changes the resulting peak(s) may be identified as (an) additional 
substance(s). The situation will of course become even more complex if three 
substances elute at the same time. Furthermore, different substances can have 
very similar mass spectra, hence small changes in spectra can strongly affect 
the identification of substances and minor errors can lead to major 
identification errors. 

Another problem is that the same substance may have several different names 
in the NIST library, e.g. 1,2-propanediol, propane-1,2-diol, and propylene 
glycol. This is a problem especially when trivial names are used in the NIST 
library and it is not always readily apparent that two names refer to the same 
substance. 

A further complication in the studies was that different mass spectrometers 
with different columns have been used, and their responses to analytes 
differed. The standard curves used had five points, but since the curves were 
forced through origo, standards with the highest concentrations had the 
greatest impact on the slope. Control samples were run in every sequence and 
their analyte levels were 8-39 % (average 21 %, s.d. 7.7 %) higher than those 
in the samples for the first GC /MS used, and between 2-24 % (average 15 %, 
s.d. 6.9) higher for the second GC/MS. This should not have had crucial 
effects, since cases and controls were measured at the same time, but it 
introduces a bias in the overall dataset. The mass spectrometers also differed 
4-fold in sensitivity, hence there may have been significant differences in the 
apparent amounts of many substances present in trace amounts, and/or 
substances with weak MS responses, or they were not even detected. 

Measures of symptoms 

The second major problem was in classification of cases or symptoms caused 
by chemical exposure. Since the symptoms have several possible causes it is 
difficult to distinguish eliciting factors of symptoms experienced by individual 
persons. Asking participants if symptoms are related to specific buildings in 
questionnaires to identify SBS-related symptoms is unreliable, since Brauer 
and Mikkelsen (2003) showed that people’s attribution of symptoms to 
buildings can be very easily influenced. Participants in their study were 
informed that knowledge was lacking about the relationship between SBS and 
exposure either at home or at work. This was done by changing just one word 
in a cover letter distributed together with a questionnaire. One question was 



 

whether symptoms were associated with their homes or work, and their 
answers differed 5.7-20.6 fold for different symptoms, depending on the 
information in the cover letter. The prevalence of symptoms was not 
influenced by the given information, only participants’ attribution. 

To reduce numbers of symptoms falsely classified as IAQ related, cases in the 
studies this thesis is based upon were required to have had several symptoms 
(at least one general, one mucosal, and one skin symptom each week in the 
preceding three months).  

Of the participants initially identified as cases, 20 % became controls when 
asked about symptoms during the week of measurements, which is assumed to 
be a typical turnover rate. When participants declare to have symptoms every 
week 3mon it probably means that they have symptoms often, not necessarily 
the week of measurements. The questions (regarding symptoms during the last 
three months or during the week of measurements) were slightly different, but 
these data at least provide an indication of turnover rates. For individual 
symptoms the turnover rates were even higher, as can be seen in Table 4. 

Peoples’ experiences of symptoms appear to be affected by measurements of 
their chemical exposure. This may be because their attention to signals from 
their own body increases, and they become more aware of what’s going on in 
their body. 

PLS-DA was used to explore differences in chemical exposure between SBS 
cases and controls. To work optimally PLS-DA requires well-defined classes 
and, as noted above, there were switches between cases and controls, making 
this classification unstable. There are also likely to have been controls who 
were subject to unhealthy exposure without being ill because complementary 
requirements to elicit symptoms were not fulfilled. 

In the presented models the only factor included was chemical exposure, and 
since other factors affecting symptoms were not included it would not have 
been possible to create models with high Q2 values. 

 



 

Conclusions 

It was found that the intra-individual variability in chemical exposure 
exceeded the variability between buildings for about 80 % of measured 
compounds. Thus, in case-control studies the controls could be randomly 
selected without taking into account whether or not they worked in the same 
building as a case. 

Tenax TA was found to be the best single adsorbent for sampling VOCs in 
office environments and detecting differences in chemical exposure between 
SBS cases and controls. Combining results from more than one adsorbent 
resulted in tighter groups in PCA score plots, indicating that acquiring air 
samples using a combination of Tenax TA and Carbopack B provides better 
characterisation of air.  

A number of associations between symptoms and exposure to formaldehyde, 
nitrogen dioxide, ozone and terpenes were found, e.g. cases (based on 
symptoms during week of measurements) were exposed to lower ozone levels 
than controls. Though found associations has to be intrepid causiously. 

It was found that classification of participants as cases and controls was as 
consistent over time as the reporting of individual symptoms, that 
measurement activities seem to increase the numbers of participants 
experiencing symptoms and that nausea/dizziness is an uncommon symptom 
that does not seem to be strongly associated with indoor air quality. Fatigue, 
drye eyes and dry skin are suggested to be strongest associated with IAQ. 

The main aim of the studies, to find patterns of chemical compounds 
associated with SBS, was not accomplished. 

 

Future perspectives 

Although the main objective of the studies was not fulfilled, they provided 
information that may be useful in future studies. 

In laboratory studies subjects are often exposed to agents for less than five 
hours (Molhave, 2008; Wargocki et al., 2002), and the outcome is measured at 
the end of the exposure. If shorter exposures than those used in the studies this 



 

thesis is based upon are sufficient to elicit symptoms there is a need to assess 
the intra-individual variability in chemical exposure among office workers 
during the relevant timeframes (e.g. one or a couple of hours). It has been 
shown that there is substantial inter-individual variability within buildings 
(Glas et al., 2004), hence there may also be substantial intra-individual 
variability. If so, it might be possible that subjects could act as their own 
controls in repeated measurements. 

As shown in this thesis (Paper 4), measurement activities appears to make 
subjects more aware of their symptoms, but reported symptoms are unlikely to 
change between two short measurement occasions close to each other as much 
as they did in responses to questions about symptoms during the preceding 
three months and symptoms during the week of measurements (Paper 4). It is 
also necessary to monitor the subjects’ psychosocial situation, because it may 
affect both subjects’ symptom reports, and their susceptibility to chemical 
exposure. 

If exposure during shorter times is to be monitored, pumped sampling is 
essential, and VOCs should be sampled with multisorbent tubes, since results 
acquired using more than one adsorbent give tighter groups of participants in 
PCA score plots (Glas et al., 2008). 

It is essential to improve separation in chemical analysis. One way to do this 
would be to separate compounds with two-dimensional chromatography, 
followed by mass spectrometry. The subsequent identification of eluting 
compounds could also be improved by the application of statistical methods 
such as multivariate hierarchic curve resolution, and/or use of appropriate 
internal standards (if available). 

It would be of great interest to investigate compounds adsorbed on particles, 
provided that sufficiently large air volumes could be sampled (which may be 
difficult since pumps with sufficient capacity are likely to be heavy and 
noisy). A possible alternative would be to use wipe samples at locations where 
subjects have stayed during the sampling time. 

Though present in low levels, reactive compounds are another group of 
interest to monitor. There is a need for development of methods for 
personalised sampling and routine analysis of reactive compounds. 

It is also important to monitor subjects’ activities if repeated measurements 
are to be acquired. Use of diaries combined with GPS monitoring could be a 



 

possible approach for such analyses. Thorough building surveys would also be 
required to identify and map pollution sources in the subjects’ vicinity. 
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Jan-Olof Levin - För att jag fick sitta och arbeta på ALI! 
Torbjörn Egelrud - För det du lärde mej när jag fick vara med och leta 
proteaser i fotrester! 
Anders Körning- För din introduktion i Excels förborgade värld av formler! 
Lennart Eriksson – För att du såg möjligheter i VOC-data 
Mia Olsson - För goda skratt och delande av livets bekymmer och 
glädjeämnen! 
Ingrid Liljelind - För att vi tillsammans lyckades med en riktigt bra 
rekrytering! 
Moa Sandström - För att du kommit och avlastat kring kompetenscentrets 
vardande! 
Maria Brattsand - För gott gemensamt orkesterspel och sedermera många 
roliga prat om FPLC och annat! 
CMF, Vårdal, Formas, Botnia-Atlantica – för finansiering av projektet! 
 
Katarina, Erik, Albin och Aron – För all omsorg och kärlek. För att jag får 
vara en del av era liv! 
 
 
Och till sist Ett stort TACK till Alla västbärare - Som ställt upp på att bära 
och sköta utrustning på arbete och hemma. ER medverkan var ju en av 
grundförutsättningarna för arbetet! 
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Appendix 1  



Till företagsledningen  
 
 

Hösten 2000 startar en undersökning av hälsoproblem i kontorsmiljö i Umeå. Studien är en 
fortsättning på den studie som gjordes 1988-90 där ni kanske var med. Där svarade bland 
annat 4943 kontorsarbetare i Västerbotten på en enkät. Den nu aktuella studien finansieras av 
Vårdalstiftelsen och utförs av forskare vid hudkliniken – Norrlands Universitets sjukhus och 
Arbetslivsinstitutet i Umeå. 

Vid den förra studien fann man bland annat byggnader uppförda eller renoverade efter 1977, 
förekomst av fotokopiatorer och låg ventilation var faktorer som ökade risken att personer 
skulle drabbas av ohälsa i form av bland annat hud- och slemhinneproblem. Nu ska vi gå 
vidare och undersöka varför bland annat låg ventilation var en riskfaktor. Eller om man så vill 
– Vad i luften gör folk sjuka?  

Undersökningen (BOK, Byggnadsrelaterad ohälsa och luftkemi) består i att anställda som 
vill delta svarar på en enkät rörande psykosocial och fysisk arbetsmiljö samt egna besvär. 
Utifrån svaren kommer vi att plocka personer med allmän-, slemhinne- och hudbesvär samt 
besvärsfria personer. I ett andra steg kommer vi att undersöka luftens sammansättning hos 
dessa genom att personerna under en vecka får bära en väst där det sitter små provtagare samt 
en luftpump. 

Vi har fått Er adress via Yrkesinspektionens arbetsplatsregister och behöver er hjälp att 
upprätta en förteckning över de anställda med namn och hemadress. Eftersom 
undersökningen endast avser kontorsmiljön vill vi att listan, så gott det går, endast omfattar 
personer som vistas huvuddelen av sin arbetstid på företagets kontor. Vi behöver också namn på 
en lämplig kontaktperson som ska handha en del av utrustningen, samt påminna sina arbetskamrater om 
provtagningen. 
Alla svar i undersökningen behandlas konfidentiellt, och frågeformulären eller enskilda 
mätningar lämnas aldrig ut till obehöriga. Alla som arbetar med undersökningen har 
tystnadsplikt. Svaren bearbetas och redovisas på ett sånt sätt att enskilda personer eller företag 
inte kan identifieras.  

För att undvika förväxling vill vi att listan är försedda med företagets namn och adress. 
Svarskuvert bifogas. 

Har Ni frågor eller invändningar beträffande undersökningen går det bra att kontakta någon av 
undertecknade eller att diskutera eventuella problem i samband med att vi inom kort kontaktar 
Ert företag. Att delta i studien är givetvis helt frivilligt. 

 
Bo Glas Berndt Stenberg Madeleine Morein 
Yrkeshygieniker Överläkare Projektadministratör 
Hudkliniken, NUS Hudkliniken, NUS Epidemiologi 
090-785 20 64 090-785 20 57 090-785 27 32 
E´-post: bo.glas@niwl.se 090-785 89 62 E-post: Madeleine.Morein@epiph.umu.se 
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EEnnkkäätt  ttiillll  kkoonnttoorrssaannssttäällllddaa  ii  UUmmeeåå  
 
 
 
 
Denna enkät riktas till personer som arbetar i kontorsmiljö i Umeå. Enkäten utgör 
starten för en ny undersökning av inneluftens betydelse för hälsan.  
 
Enkäten innehåller inte bara frågor om symtom. När vi gör de slutgiltiga analyserna 
av samband mellan kemisk miljö och symtom måste vi ta hänsyn till andra faktorer 
som vi sedan tidigare vet kan ha betydelse. Dit hör t.ex. vissa bostadsdata, tidigare 
hälsa och psyko-sociala förhållanden. Det är därför viktigt för kvaliteten i 
undersökningen att Du försöker besvara alla frågor och att Du gör det utan att 
konferera med Dina arbetskamrater. Dina svar kommer att behandlas konfidentiellt. 
 
Om Du har frågor om undersökningen kan Du kontakta Bo Glas på 
Arbetslivsinstitutet. Bo Glas är kemist och ansvarar för de undersökningar som 
kommer att göras på arbetsplatserna. Han nås på tel 090-785 20 64, 17 60 53 eller via 
e-post: bo.glas@arbetslivsinstitutet.se 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Berndt Stenberg Anna-Lena Sunesson 
läkare kemist 
Hudkliniken, NUS Arbetslivsinstitutet 
Umeå Umeå  
 
 

mailto:bo.glas.us@vll.se�
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Datum (år/mån/dag)            /           /           / 

Namn …………………………………………………….. 

Kön Kvinna   Man    

Ålder ……….  år 

Familjesituation 

Ensamstående    Gift/Sambo   

Hemmavarande barn Nej   Ja   Antal ……………… 

Arbetsplats  ......................................................................................................  
Nuvarande yrke/befattning ....................................................................................  
Nuvarande huvudsakliga arbetsuppgifter..............................................................  

Vilken är Din högsta formella utbildning?  Folkskola / Grundskola 

     Gymnasieskola 
     Högskola / universitet 

Har Du varit i arbete de senaste 3 månaderna? Ja  Nej  

Vilken är Din normala veckoarbetstid?………… tim/vecka 

Har Du eget arbetsrum? Ja  Nej  

Om nej, hur många personer arbetar normalt i rummet?…………personer 

Vistas Du huvuddelen av dagen i det hus där Du har Ditt arbetsrum?  Ja  Nej  

Hur länge har Du arbetat i det hus där Du har Ditt arbetsrum? Sedan år ………. 

På vilket våningsplan har Du Ditt arbetsrum? Källare  

Markplan/Bottenvåning  

Plan (ovan marknivå)…….…. 
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Arbetar Du vid bildskärm?  Ja  Nej  

Om, ja………………….tim/dag (genomsnitt) 

Röker Du? Ja  Nej  

Använder Du parfymerade produkter? Ja  Nej  
(hudvårdsprodukter, after shave, parfym etc, alltså sådant som ligger kvar på huden)   
Om, ja………………….antal dagar/vecka 

Undviker Du parfymerade produkter? Ja  Nej  

 

I. Inomhusmiljö i bostaden 

Brukar Du ha kondens (fukt/is), mer än allra längst ned, på fönster under vintern 
(gäller ej bad/duschrum)? 

Ja, ofta (varje vecka)  
Ja, ibland  

Nej, aldrig  

Har några större förändringar (om-, tillbyggnad, tilläggsisolering o dyl)  
gjorts under de senaste 12 månaderna? 
 Ja  

Nej  

 Vet ej  
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Vilka typer av golvbeläggning finns i bostaden (flera alternativ möjliga). 
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Kök         
Vardagsrum         
Sovrum         
Hall         
Badrum / 
toalett          
 
 
Har Ni gasspis? Ja  Nej  
 
 

II. Hur Du upplever luftklimatet på arbetet 
Ange om Du under de tre senaste månaderna har upplevt något av följande 
på arbetet samt hur ofta. Ange endast ett alternativ per rad. 
  Ja, ofta Ja,  Nej,  Om ja 

    sedan när 
 (varje vecka) ibland aldrig 

Torr luft    
Instängd (dålig) luft    
Obehaglig lukt    
För varmt    
För kallt    
För dragigt    
Andras tobaksrök    
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III. Tidigare och aktuella sjukdomar 

Ange om Du har eller har haft något av följande 
 Ja Nej 
Astma   
Allergisk snuva (mot t ex pollen, djur)   
Böjveckseksem (barneksem)   
Nack-, axel- eller ryggbesvär   
Har Du av läkare fått konstaterat att Du har /   
har haft reumatisk / inflammatorisk ledsjukdom   
Om ja, vilken diagnos?  .......................  
 

IV. Nuvarande symtom 
 
Har Du under de senaste 3 månaderna haft något/några av följande symtom? 
(Oavsett vad Du anser orsakar symtomet) Endast ett alternativ per symtom. 
 

 Ja, ofta Ja, ibland Nej, aldrig 
 (varje vecka) 
Trötthet    
Tung i huvudet    
Huvudvärk    
Illamående/yrsel    
Koncentrationssvårigheter    
Torra ögon    
Kliande/irriterade ögon    
Torr näsa    
Irriterad/täppt/rinnande näsa    
Heshet/halstorrhet    
Hosta    
Torr hud i ansiktet    
Ansiktsrodnad    
Klåda/stickning/stramning/hetta i ansiktet    
Klåda på kroppen    
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Tycker Du att något symtom som Du haft under de senaste 3 månaderna 
lindras eller försvinner när Du inte vistas på arbetsplatsen?  

Trötthet Ja  Nej  
Tung i huvudet     
Huvudvärk     
Illamående/yrsel     
Koncentrationssvårigheter     
Torra ögon     
Kliande/irriterade ögon     
Torr näsa     
Irriterad/täppt/rinnande näsa     
Heshet/halstorrhet     
Hosta     
Torr hud i ansiktet     
Ansiktsrodnad     
Klåda/stickning/stramning/hetta i ansiktet     
Klåda på kroppen     
 
Har Du just nu något/några av följande symtom? 

Trötthet Ja  Nej  
Tung i huvudet     
Huvudvärk     
Illamående/yrsel     
Koncentrationssvårigheter     
Torra ögon     
Kliande/irriterade ögon     
Torr näsa     
Irriterad/täppt/rinnande näsa     
Heshet/halstorrhet     
Hosta     
Torr hud i ansiktet     
Ansiktsrodnad     
Klåda/stickning/stramning/hetta i ansiktet     
Klåda på kroppen     
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V. Hur Du upplever Ditt arbete och Din arbetsplats 
 

Beskriv med hjälp av frågorna hur Du upplever just Ditt arbete (endast ett 
svarsalternativ per fråga) 
 

  Ja, ofta Ja, 
ibland 

Ja, 
sällan 

Nej, 
aldrig 

 Uppfattar Du Dina arbetsuppgifter 
som engagerande och 
stimulerande? 

    

 Har Du för mycket att göra i Ditt 
arbete? 

    

 Har Du möjlighet att påverka Dina 
arbetsuppgifter, så att Du t ex kan 
arbeta i Din egen takt? 

    

 Får Du hjälp av Dina arbetskamrater 
när Du har problem i arbetet? 

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tack för hjälpen! 
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Till kontorsarbetare i Umeå 
Hösten 2000 startar en undersökning av hälsoproblem i kontorsmiljö i Umeå Universitet 
(BOK, Byggnadsrelaterad ohälsa och luftkemi). Studien är en fortsättning på den studie 
som gjordes 1988-90. Där svarade bland annat 4943 kontorsarbetare i Västerbotten på en 
enkät. Den nu aktuella studien finansieras av Vårdalstiftelsen och utförs av forskare vid 
hudkliniken – Norrlands Universitets sjukhus och Arbetslivsinstitutet i Umeå. 
Vid den förra studien fann man bland annat att byggnader uppförda eller renoverade efter 
1977, förekomst av fotokopiatorer och låg ventilation var faktorer som ökade risken att 
personer skulle drabbas av ohälsa i form av bland annat hud- och slemhinneproblem. Nu ska vi 
gå vidare och undersöka varför bland annat låg ventilation var en riskfaktor. Eller om man så 
vill – Vad i luften gör folk sjuka?  

Undersökningen består i att anställda som vill delta svarar på denna enkät rörande psykosocial 
och fysisk arbetsmiljö samt egna besvär. Utifrån svaren kommer vi att plocka personer med 
allmän-, slemhinne- och hudbesvär samt besvärsfria. I ett andra steg kommer vi att undersöka 
luftens sammansättning hos dessa personer. 

Du tillhör den grupp som tillfrågas att ingå i undersökningen och vi ber Dig därför att fylla i det 
bifogade formuläret. Frågorna rör din fysiska och psykosociala arbetsmiljön samt eventuella 
besvär som Du har. Alla frågor är viktiga och vi vill därför att Du besvarar samtliga och att Du 
inte konfererar med Dina arbetskamrater: 

Dina uppgifter är skyddade. 
Alla svar i undersökningen behandlas konfidentiellt, och frågeformulären eller enskilda 
mätningar lämnas aldrig ut till obehöriga. Alla som arbetar med undersökningen har 
tystnadsplikt. Dina svar kodas varefter de bearbetas och redovisas på ett sånt sätt att dina svar 
inte kan identifieras. 

Alla svar är viktiga. 
Även om Du inte har några besvär är det viktigt att Du svarar eftersom vi också är intresserade 
av att mäta luftkvalitén hos ett antal personer utan besvär. 
Genom att svara på enkäten visar Du att Du är villig att delta i undersökningen av luftens 
sammansättning hos Dig. Om Du tillhör den grupp anställda hos vilka vi vill undersöka luftens 
kvalitet sker detta genom att Du under en vecka får bära en väst där det sitter små provtagare 
samt två luftpumpar.  

Att delta i undersökningen är givetvis helt frivilligt, och Du kan när du vill avbryta utan att 
behöva motivera det. 

Har Du frågor beträffande undersökningen går det bra att kontakta någon av undertecknade. 
 

Bo Glas Berndt Stenberg Madeleine Morein 
Yrkeshygieniker Överläkare Projektadministratör 
Hudkliniken, NUS Hudkliniken, NUS Epidemiologi 
090-785 20 64 090-785 20 57  090-785 27 32 (8.00-14.30) 

 090-785 89 62 E-post:Madeleine.Morein@epiph.umu.se 
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”Sjuka hus” besvär har en komplicerad orsaksbild. Bland annat vet man att 
människors psykosociala situation påverkar uppkomsten. Man kan till exempel 
jämföra med stress som ökar risken för magbesvär.  
Därför är det viktigt att komplettera de fysiska och kemiska mätningarna med ett 
försök att få en bild av din psykosociala miljö. Därför ber vi Dig fylla i denna enkät 
med frågor om hur Ditt arbete är, och hur Du upplever din arbetssituation. 
Det är viktigt att Du svarar på alla frågor så gott det går, men deltagandet är 
givetvis helt frivilligt. Dina svar behandlas konfidentiellt. 
 
Om Du har frågor kan Du kontakta Bo Glas på Arbetslivsinstitutet. Han nås 
på tel 090-17 60 53, 785 20 64 eller via e-post: bo.glas@arbetslivsinstitutet.se 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Berndt Stenberg Anna-Lena Sunesson 
läkare kemist 
Hudkliniken, NUS Arbetslivsinstitutet 
Umeå Umeå 
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 Ja, ofta Ja, ibland Nej, sällan Nej, så gott 

som aldrig 

Kräver Ditt arbete att Du arbetar mycket fort?     

Kräver Ditt arbete att Du arbetar mycket hårt?     

Kräver Ditt arbete en för stor arbetsinsats?     

Har Du tillräckligt med tid för att hinna 
med arbetsuppgifterna?     

Förekommer det motstridiga krav i Ditt arbete?     

Får Du lära Dig nya saker i Ditt arbete?     

Kräver Ditt arbete skicklighet?     

Kräver Ditt arbete påhittighet?     

Innebär Ditt arbete att man gör samma 
sak om och om igen?     

Har Du frihet att bestämma hur Ditt arbete skall 
utföras?     

Har Du frihet att bestämma vad som skall utföras i 
Ditt arbete?     

     

 Stämmer 
helt och 
hållet 

Stämmer 
ganska bra 

Stämmer 
inte särskilt 

bra 

Stämmer 
inte alls 

Det är en lugn och behaglig stämning på 
min arbetsplats     

Det är god sammanhållning på min arbetsplats     

Mina arbetskamrater ställer upp för mig     

Man har förståelse för att jag kan ha en dålig dag     

Jag kommer bra överens med mina överordnade     

Jag trivs bra med mina arbetskamrater     
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 Instämmer helt   Instämmer ej 
 6 5 4 3 2 1 
På min arbetsplats är vi duktiga på att förändra och utveckla 
organisationen för att kunna möta nya krav       

På min arbetsplats har vi en ledning som aktivt verkar för att 
utveckla och förbättra våra arbetsförhållanden       

Jag känner mig ofta psykiskt utmattad efter en dags arbete       

Jag har så mycket arbete att det inverkar negativt 
på möjligheterna att arbeta effektivt       

Jag känner mig mycket engagerad i mina arbetsuppgifter       

Jag känner mig stolt över det arbete jag utför       

Jag känner mig nöjd med vad jag presterar under en 
arbetsdag       

Lön och övriga förmåner är tillräckliga i förhållande till min 
arbetsinsats       

Jag är nöjd med den information jag får på min arbetsplats       

Jag trivs överlag bra på min arbetsplats       

Jag känner mig nöjd med hur jag använder min fritid        

Jag känner mig överlag nöjd med min sociala situation 
utanför arbetet       

Jag känner mig överlag nöjd med mig själv och min 
livssituation       
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 I mycket stor 

utsträckning 
  Inte alls 

 6 5 4 3 2 1 
Under de senaste två åren har jag berörts av 
organisationsförändringar på min arbetsplats 

      

 

 

 

      

Dessa förändringar har medfört att min  
arbetssituation … 

 förbättrats avsevärt 

 förbättrats något 

 påverkats både positivt och negativt 

 inte påverkats nämnvärt  

 försämrats något 

 försämrats avsevärt 

 

 

Hur känner Du Dig när Du är på väg till jobbet? 

 
 Glad och tillfreds med tanken på det 

arbete som väntar 

 Har en ganska positiv känsla för 
arbetet 

 Har både positiva och negativa 
känslor för arbetet 

 Har varken positiva eller negativa 
känslor för arbetet 

 Känner viss olust för arbetet 

 Känner stark olust för arbetet  
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Har Du under veckan som de kemiska mätningarna pågått haft 
något/några av följande symtom? (Oavsett vad Du anser orsakar 
symtomet.) 
 

    Ja    Nej 
  
Trötthet    
Tung i huvudet    
Huvudvärk    
Illamående/yrsel    
Koncentrationssvårigheter    
Torra ögon    
Kliande/irriterade ögon    
Torr näsa    
Irriterad/täppt/rinnande näsa    
Heshet/halstorrhet    
Hosta    
Torr hud i ansiktet    
Ansiktsrodnad    
Klåda/stickning/stramning/hetta i ansiktet    
Klåda på kroppen    
 

 
 
 
 
 
 
 
 
 

Tack för Din medverkan! 
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För att vi lättare ska kunna komma i kontakt med dej senare – till exempel om vi vill 
diskutera analysresultat – vill vi be dej skriva upp din e-post adress och ditt nummer i 
undersökningen. 
 
Detta papper kommer att avlägsnas från enkätdelen. 
 
 
 
 
Mitt nummer .............................................  
 
 
Min e-postadress .....................................  
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 2 (9) 

Protokoll Byggnadsbeskrivning 
 
Företag ____________________________  Adress ___________________________  
 
Antal anställda ____________  Antal kontorsrum ________  
Antal våningar ____________  Yta / våning ____________ m2 
Byggnadsår ______________  Totalrenovering år ______ Inflyttning år ____________  
Våningar under mark ______  Takvinkel ______________  
 
Synlig rördragning ⃞ 1 Helt ⃞ 2 Delvis ⃞ 3 Dold 
 
Takavvattning ⃞ 1 Utvändig ⃞ 2 Kombinerad ⃞ 3 Invändig 
 
Taktyp ⃞ 1 Sadel ⃞ 4Sågtandat  
 ⃞ 2 Platt ⃞ 5 Motvals 
 ⃞ 3 Mansor ⃞ 6 Annan ______________  
 
Taklanteniner / takfönster 
 ⃞ 1 Ja  ⃞ 2 Nej 
 
Grundkonstruktion ⃞ 1 Källare 
 ⃞ 2 Platta underliggande isolering 
 ⃞ 3 Platta överliggande isolering 
 ⃞ 4 Platta okänd isolering 
 ⃞ 5 Torpargrund 
 
Bjälklag ⃞ 1 Flytande ⃞ 2 Uppreglad ⃞ 3 Annan ______________   
 
Lokalisering ⃞ 1 Centrum ⃞ 4 Landsbygd 
 ⃞ 2 Utanför Centrum ⃞ 5 Annan ______________  
 ⃞ 3 Industriområde 
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Projektet Datum ...........................  
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Trafiksituation inom 200 m från byggnaden. Flera alternativ möjliga. 
 ⃞ 1 Motorväg ⃞ 3 Trafikerad gata 
 ⃞ 2 Trafikerad genomfartsled ⃞ 4 Lugn gata 
 
Finns källor till luftföroreningar utomhus som kan påverka inomhusmiljön? 
 ⃞ 1 Ingen ⃞ 3 Industri 
 ⃞ 2 Garage ⃞ 4 Annan ________________  
 
Annan verksamhet i byggnad än kontor 
 ⃞ 1 Ingen ⃞ 5 Bostäder 
 ⃞ 2 Garage ⃞ 6 Restaurang 
 ⃞ 3 Industri ⃞ 7 Annan ______________  
 ⃞ 4 Butik   
 
Genomförd OVK enligt regelverk 
 ⃞ 1 Ja ⃞ 2 Nej 
 
Placering uteluft intag ⃞ 1 Gatuplan – mot gata  ⃞ 4 Tak  
 ⃞ 2 Gatuplan – mot lastbrygga ⃞ 5 Annan ______________  
 ⃞ 3 Gatuplan – mot innergård   
 
Kanal fram till don ⃞ 1 Ren ⃞ 2 Smutsig ⃞ 3 Vet ej 
 
Finns risk att avluft och uteluft blandas 
 ⃞ 1 Ja ⃞ 2 Nej 
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Arbetsplats- / rumsbeskrivning 
 
Deltagare _____________  
Typ av kontorsrum?  ⃞ 1 Cellkontor ⃞ 2 Kontorslandskap 
Våningsplan ___________  
Rummets volym _______  Antal personer ________   
Yta textilmtrl ___________ m2 Längd öppna hyllor ____ m  
Antal laserskrivare _____  Ålder _________________   
Antal kopiatorer ________  Ålder _________________  
Antal datorer __________  Ålder _________________  
Antal annan elektronisk  
utrustning _____________  Ålder _________________  
Tilluft _________________ m3 Frånluft ______________ m3 

 
Joniserings aggregat ⃞ 1 Ja ⃞ 2 Nej 
 
Dominerande material i möblemang 
 ⃞ 1 Trä  ⃞ 3 Metall  
 ⃞ 2 Spånskiva ⃞ 4 Annat _____________  
Möblernas ålder ⃞ 1 <1 år ⃞ 2 1-3 år ⃞ 3 >3 år 
 
Förekomst av växter ⃞ 1 Inga ⃞ 3 Fikus 
 ⃞ 2 ”Ludna” blad ⃞ 4 Annan 
 
Självvattnande kruka ⃞ 1 Ja ⃞ 2 Nej 
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Städfrekvens Dagligen (1) 2-4 ggr / v 
(2) 

En gång / v 
(3) 

1-3 ggr / m 
(4) 

Sällan eller 
aldrig (5) 

Dammtorkning      

Våttorkning      

Torrmoppning      

Dammsugning      

Vaxning/polish      

Tömmning av 
papperskorg 

     

 
Storstädning  ⃞ 1 <1 gång / år ⃞ 3 >1 gång / år 
 ⃞ 2 1 gång / år  
  
Hur sker uppvärmning? 
 ⃞ 1 Golvvärme - vatten ⃞ 5 Takvärme - vatten 
 ⃞ 2 Golvvärme - el ⃞ 6 Takvärme - el 
 ⃞ 3 Radiator - vatten ⃞ 7 Luftburen värme 
 ⃞ 4 Radiator - el ⃞ 8 Tilluften förvärmd 
 
Kylning / solskydd? ⃞ 1 Nej ⃞ 6 Fan coil 
 ⃞ 2 Kyld tilluft ⃞ 7 Persienner 
 ⃞ 3 Bafflar – naturlig konvektion ⃞ 8 Markiser 
 ⃞ 4 Bafflar – strålning  ⃞ 9 Film 
 ⃞ 5 Bafflar – tilluft  ⃞ 10 Annan _____________  
 
Hur styrs temperaturen? 
 ⃞ 1 Termostat på element ⃞ 3 Centralt 
 ⃞ 2 Givare i rummet ⃞ 4 Annan ______________  
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Finns nattsänkning av 
-temperatur? ⃞ 1 Ja ⃞ 2 Nej ⃞ 3 Vet ej 
-ventilation?  ⃞ 1 Ja ⃞ 2 Nej ⃞ 3 Vet ej 
 
Hur sker ventilation? 
 ⃞ 1 Öppningsbara fönster / självdrag 
 ⃞ 2 Endast frånluft ⃞ 4 Ballanserad till- / frånluft  
 ⃞ 3 Endast tilluft ⃞ 5 Annan ______________  
 
Går fönster att öppna? 
 ⃞ 1 Ja  ⃞ 2 Nej  
 
Finns återluft? ⃞ 1 Ja ⃞ 2 Nej ⃞ 3 Vet ej 
 
Värmeväxling? ⃞ 1 Nej   ⃞ 3 Plattväxlare  
 ⃞ 2 Roterande  ⃞ 4 Annan ______________  
 
Befuktning ⃞ 1 Nej ⃞ 3 I byggnad  
 ⃞ 2 I rum ⃞ 4 Vet ej  
 
Var är tilluften placerad? 
  ⃞ 1 Golvet ⃞ 4 Högt på väggen 
 ⃞ 2 Under fönstret ⃞ 5 Lågt på väggen 
 ⃞ 3 Taket ⃞ 6 Annan ______________  
 
Var är frånluften placerad? 
 ⃞ 1 Högt frånluftdon ⃞ 3 Till korridor 
 ⃞ 2 Lågt frånluftdon ⃞ 4 Annan ______________  
  
Vilken är ventilationsprincipen? 
 ⃞ 1 Displacement ⃞ 2 Omblandning 
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Material i väggar  ⃞ 1 Gips ⃞ 5 Metall 
 ⃞ 2 Spånskiva ⃞ 6 Trä 
 ⃞ 3 Betong ⃞ 7 Annat _______________  
 ⃞ 4 Glas  
Ålder ⃞ 1 <1 år ⃞ 2 1-3 år ⃞ 3 >3 år 
 
Väggbeklädnad ⃞ 1 Papperstapet ⃞ 4 Textil 
 ⃞ 2 Vinyltapet ⃞ 5 Träpanel 
 ⃞ 3 Målad  ⃞ 6 Annan ______________  
Ålder ⃞ 1 <1 år ⃞ 2 1-3 år ⃞ 3 >3 år 
 
Golvmaterial ⃞ 1 PVC matta ⃞ 5 Trä 
 ⃞ 2 Heltäckande matta ⃞ 6 Laminat 
 ⃞ 3 Nålfiltsmatta ⃞ 7 Sten / klinkers 
 ⃞ 4 Linoleummatta ⃞ 8 Annan ______________  
Ålder ⃞ 1 <1 år ⃞ 2 1-3 år ⃞ 3 >3 år 
 
Finns flera lager golvmaterial (matta på matta)? 
 ⃞ 1 Ja ⃞ 2 Nej 
 
Är golvet mekaniskt ventilerat? 
 ⃞ 1 Ja ⃞ 2 Nej 
 
Installationsgolv ⃞ 1 Ja ⃞ 2 Nej 
 
Takmaterial ⃞ 1 Gips ⃞ 4 Akustikplattor 
 ⃞ 2 Spånskiva ⃞ 5 Annat _______________  
 ⃞ 3 Betong 
Ålder ⃞ 1 <1 år ⃞ 2 1-3 år ⃞ 3 >3 år 
 
Finns luftspalt ovanför akustikplattor / innertak 
 ⃞ 1 Ja ⃞ 2 Nej 
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Finns synligt damm ackumulerat på plattornas översida  
 ⃞ 1 Nej ⃞ 3 Mycket 
 ⃞ 2 Lite ⃞ 4 Väldigt mycket 
 
Finns halogenbelysning? 
 ⃞ 1 Ja ⃞ 2 Nej 
 
Finns synligt mögel / missfärgning? 
 ⃞ 1 Ja ______ m2 ⃞ 2 Nej 
Vilken typ av material är i så fall påverkat 
 ⃞ 1 Gips ⃞ 8 Linoleummatta 
 ⃞ 2 Spånskiva ⃞ 9 PVC yta 
 ⃞ 3 Fiberskiva / Masonite ⃞ 10 Heltäckande matta 
 ⃞ 4 Trä ⃞ 11 Nålfiltsmatta 
 ⃞ 5 Betong ⃞ 12 Laminat 
 ⃞ 6 Målad yta ⃞ 13 Sten / klinkers 
 ⃞ 7 Papper ⃞ 14 Annat __________  
  
 
Finns fuktskada?  ⃞ 1 Ja ______ m2 ⃞ 2 Nej 
Vilken typ av material är i så fall påverkat 
 ⃞ 1 Gips ⃞ 8 Linoleummatta 
 ⃞ 2 Spånskiva ⃞ 9 PVC yta 
 ⃞ 3 Fiberskiva / Masonite ⃞ 10 Heltäckande matta 
 ⃞ 4 Trä ⃞ 11 Nålfiltsmatta 
 ⃞ 5 Betong ⃞ 12 Laminat 
 ⃞ 6 Målad yta ⃞ 13 Sten / klinkers 
 ⃞ 7 Papper ⃞ 14 Annat __________  
 
Finns mögeldoft?  ⃞ 1 Nej ⃞ 2 Svag ⃞ 3 Kraftig 
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Intervju / samtal 
 
Deltagare ___________  
 
Hur länge har deltagaren arbetat i sitt nuvarande arbetsrum? _______ år 
Känner deltagaren till skador / besvärande emissionskällor i byggnaden? 
 ⃞ 1 Ja ⃞ 2 Nej 
 

  Typ av skada / emission Lokalisation Är skadan åtgärdad Utbredning i m2 
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