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1. Introduction

1.1. Issues addressed

If we quantify working hours at the office, sleep, performing different household
activities, we realize that we spend most of the time indoors. It has been estimated
that the time spent inside can reach up to 90% of our time. The United States
Environmental Protection Agency (US EPA) estimates that a person receives about
75% of the exposure to chemicals at home, which means that the places most
people find the safest place, is the one that expose them to the highest quantities of
dangerous pollutants.

Epidemiological studies have suggested an association between the degree of
indoor air pollution and the health of the human respiratory system. The latter is
constantly subjected to the action of pollutants present in air, the epithelium of the
breathing paths representing the first contact and at the same time the first barrier of

the organism against pollutants present in the air.

1.2. Objectives of the thesis

This doctoral thesis aimed to make an assessment of indoor air quality
regarding the presence of carbonyl compounds in dwellings and offices located in
Bucharest - Romania. Case studies of this doctoral thesis were conducted in twenty
dwellings and three office buildings (six offices) along several sampling campaigns
that took place during 2015.

The carbonyl compounds monitored in this work in indoor air and ambient air
samples are acetaldehyde, acetic acid, acetone, acroleine, benzaldehyde,
butyraldehyde, crotonaldehyde, 2,5-dimethylbenzaldehyde, formaldehyde, formic
acid, hexaldehyde, isovaleraldehyde, o-tolualdehyde, m-tolualdehyde, p-tolualdehyde
and valeraldehyde.

Each interior space is to a great extent different from another interior space,
therefore, within the thesis, each interior space where the sampling will be carried out
will be characterized in terms of furniture, ceiling composition, floor type, room
volume, technical equipment present and other potential sources of carbonyl
compounds. For homes, residents will complete a questionnaire to include this issue,

and in the case of offices, the information will be taken from the administrative



service of the firms operating in those premises. All of this will help us to characterize
each sampling space in terms of carbonyl compound concentrations.

In order to have a complete picture of indoor air quality, they will be determined,
along with the concentrations of carbonyl compounds of interest inside, their
concentrations in ambient air. Thus, a comparison can be made between the
concentrations determined in case studies in indoor air in both dwellings and offices
and the concentrations obtained for the same compounds of interest for ambient air.

By comparing the concentrations obtained in indoor air with ambient air, 1/O

Ratio (indoor/outdoor) will be realized which will provide us information about the
location of the sources of the compounds determined.
In the thesis, both passive and active air sampling will be carried out. Several
sampling points will be selected in which both sampling will be performed in the same
time. By comparing the results from both methods, the correlation between the two
sampling methods can be assessed.

Concentrations of the carbonyl compounds determined will be statistically
analyzed and we will see what correlation exists between each carbonyl compound.

After the determination of carbonyl compounds concentrations for a particular
dwelling or office, the degree of exposure to the persons living or working in the
housing and offices where the sampling was carried out shall be estimated.

All this will give us an insight into the quality of indoor air regarding the carbonyl

compounds in the homes and offices where case studies will be conducted.

2. History of Literature
2.1. Sources in the indoor air of compounds of interest

Carbonyl compounds are omnipresent in the environment, with both natural and
anthropogenic sources. In the atmosphere, carbonyl compounds are often formed by
the oxidation reaction of hydrocarbons. Sources of aldehydes in homes include:
building materials, laminate flooring, adhesives, paints and solvents, household
products, furniture made of chipboard, plywood and plywood with resin adhesive
made with formaldehyde, smoking and fire open stoves. Organic acids can appear
directly in the indoor air or can be emitted directly into the indoor air of various

materials.



2.2. The health effects of compounds of interest

Recent studies that looked at the effects of exposure of humans and animals to
carbonyl compounds have shown negative effects on the respiratory system.
Of the carbonyl compounds, those that have had obvious negative effects on health
are formaldehyde and acetaldehyde. IARC integrates formaldehyde into Group 1,
meaning it is carcinogen to humans and acetaldehyde in Group 2B, meaning human
carcinogen. US EPA integrates formaldehyde into group Bl as being probably
human carcinogen, based on limited evidence in human subjects. Acetaldehyde is
classified by US EPA in group B2, meaning: probably human carcinogen with

sufficient evidence of carcinogenicity in humans.

2.3. Proposed limit concentrations for compounds of interest
Of the carbonyl compounds of interest for this thesis, only in the case of
formaldehyde was attempted to establish limits of concentration in the indoor air in
the form of recommendations, as followed:
e WHO sets the value of 100 pg/m? for a 30-minute exposure period:
e US EPA recommends 55 pg/m® for one hour exposure and 8 ug/m3 for
exposure for 8 hours;
e The European Commission, through the INDEX Project, proposes in 2005 the
concentration of 30 pg/m® for a 30-minute exposure period and a

concentration of 1ug/m? for one hour exposure.

2.4. Previous investigations of indoor air quality
2.4.1 Situation in Europe on indoor air quality

Several indoor air quality projects have been carried out in Europe over the past
twenty years with the following acronyms: INDEX (2002-2004), AIRMEX (2003-
2008), EnVIE (2004-2008), BUMA (2006-2009) SEARCH (2006-2009 and 2010-
2013), HealthVent (2010-2012), EPHECT (2010-2013), OFFICAIR (2010-2013), and
SINPHONIE (2010-2012)

2.4.2. The current state of knowledge regarding the concentration of
compounds of interest
Table 2 shows the concentrations of carbonyls of interest in indoor air

determined in various air quality monitoring studies. The table includes the results of
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42 articles and studies in which concentrations of different carbonyl compounds in
indoor air were determined by different sampling and analysis methods. It provides
an overview of everything that has been determined about carbonyl compounds in
indoor air, summing up location, year, author, type of indoor space and determined

concentrations that were published and accessed from the last seventeen years.

3. Materials and Methods

3.1. Analytical techniques used in the thesis

In the present thesis the following analytical techniques were used: high performance
liquid chromatography and ion chromatography.

High Performance Liquid Chromatography has been used to develop the analytical
method for aldehydes and acetone determination.

lon chromatography was used in the thesis to develop the organic acids method

determination.

3.2. Sampling of air samples
3.2.1. Method of extraction of aldehydes

Determination of aldehydes by liquid chromatography implies their derivatization
to a more stable form using derivatizing agents. Subsequently, the derivatization

compounds were eluted and analyzed on the chromatograph.

3.2.1.1. Active method for the extraction of aldehydes

In the case of the studies realized in offices, along with passive sampling, an
active sampling was also carried out. This was accomplished using silicagel and
DNPH model ORBO 555 (6mm x 110mm), purchased from Sigma Aldrich. To
remove potential interference from ozone in air, a LpDNPH Ozone Scrubber 1.5g
potassium iodide scrubber, purchased from Sigma Aldrich.

After sampling, extraction is carried out in acetonitrile.

3.2.1.2. Passive aldehyde sampling method
For the case studies realized by passive sampling, Passive Sampling Devices
DSD-DNPH Diffusive Sampling Devices were purchased from Supelco, catalog

number 28221-U with related accessories.



The elution is carried out using a solid phase cartridge extractor equipped with a

vacuum manifold. Acetonitrile is used for elution.

3.2.2. Method of sampling organic acids
3.2.2.1. Active method for the sampling of organic acids

ORBO 52 Small Activated Silica Gel Absorbent Tubes contain two silicon parts
separated by glass wool for gas and vapor sampling. The first part contains 150mg
and the second part 75mg.
For active silica gel absorbent tubes, the extraction is performed by mechanically
agitating the beads with 5 ml of water for 10 minutes, and then allowed to stand for

10 minutes.

3.2.2.2. Passive method for the sampling of organic acids

In the case studies of this paper, the passive sampling of organic acids was
accomplished using passive devices from Radiello purchased from Sigma Aldrich,
composed of: RAD 166 (triethanolamine cartridge), RAD 1201 (blue body), and RAD
121 (Triangular plate for support with pliers for workplace sampling).
Extraction of analytes from silica gel tubes and passive triethanolamine (TEA)
cartridges is performed in water with a conductivity of <10 yuS / cm, similar to the
procedure presented in (NIOSH, 1994).

3.3. Analytical methods for the determination of aldehydes and organic acids
3.3.1. Analytical method for the determination of aldehydes

A high performance liquid chromatograph model Agilent 1200, coupled with a
UV detector was used for the determination of aldehydes and ketones. Analytical
conditions included two Acclaim Carbonyl C18 columns (250 mm * 4.6 mm, 5 ym,)
coupled in series, a diode array detector (DAD) set at 365 nm wavelength, 2 mL/min
flow rate, 25 pL injection volume, 25°C column temperature and a gradient mobile
phase of acetonitrile / water.

The elution gradient was as follows: upon sample injection, linear gradient from
60 to 75% acetonitrile/40 to 25% water in 30 min, linear gradient from 75 to 100%
acetonitrile/25 to 0% water in 20 min, hold at 100% acetonitrile for 5 min, reverse
gradient to 60% acetonitrile/40% water in 1 min, and maintain isocratic at 60%

acetonitrile/40% water for 15 min.



A calibration standard: TO11/IP 6A Aldehyde/Ketone- DNPH Mix -certified
reference material, with 15 pg/mL concentration of aldehydes and ketones, was
purchased from Sigma-Aldrich. The calibration standard contains the hydrazone

derivatives of the fifteen targeted aldehydes and ketones.

3.3.2. Analytical method for determination of formic and acetic acids

An ion chromatography system model Dionex ICS-5000+ Integrated Reagent
Free, equipped with a conductivity detector and an Anion Self-Regenerating
Suppressor (Dionex AERS 500 2mm) was used for formic and acetic acids
quantifications. Separation was done on an IC Dionex lonPac AS 18 column with
guard. The analytical conditions included an isocratic elution, with 10mM KOH eluent
for 20 min, column temperature of 20°C and 5 pL injection volume.

For the determination of formic acid and acetic acid, as formate and acetate,
standards of 1000 pg/mL for each in water were purchased from LGC Standards.

4. Results and discussions

4.1. Location of Sampling Points

Case studies within this thesis were conducted in Bucharest.

4.2. Case study 1 - Assessment of the concentration of compounds of interest
in ambient air

Concentrations ranged from 0.01-2.22 pg/m?, their sum being 5.83 ug/ms3. The
concentrations for the carbonyl compounds in descending order were: acetic acid,
acrolein + acetone, formic acid, formaldehyde, acetaldehyde and butylaldehyde, o-
tolualdehyde, p-tolualdehyde, hexaldehyde, propionaldehyde, benzaldehyde,

isovaleraldehyde, valeraldehyde, 5 dimethylbenzaldehyde and crotonaldehyde.

4.3. Case Study 2 - Assessing the concentration of compounds of interest in
indoor air

In this case study, concentrations of carbonyl compounds of interest in twenty
dwellings in the city of Bucharest were determined. Organic acids and aldehydes
were taken simultaneously (see Annex 1) and passive sampling for both aldehydes

and organic acids was chosen in order not to disturb the day-to-day activities of the
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occupants. Sampling took place in dormitory for half of the dwellings and for the other
half was carried out in the living room. The sampling period was approximately 10
days in October and November 2015.

The inhabitants filled in a questionnaire that provided us with data about the
material from which the furniture was made, the age of the furniture, if there were
recent renovations, the ceiling material, the floor, the windows, the existence of the
animals in the dwelling, the number of inhabitants, and the location of the dwelling
windows against the traffic arteries.

No open fire heaters or air conditioners have been used throughout the
sampling period; The exchange of air with the outside was done by opening the
windows.

The highest concentration was found in the case of acroleine+acetone. The most
compact values were obtained for formaldehyde; and the highest variation in the
concentartion determined was found for acrolein+acetone.

Concentration of the targeted carbonyls tend to fallow the following pattern:
formaldehyde > acrolein+acetone > acetic acid > acetaldehyde > hexaldehyde >
formic acid > valeraldehyde > benzaldehyde > butyraldehyde > propionaldehyde >
ptolualdehyde >2,5-dimethylbenzaldehyde > o-tolualdehyde > isovaleraldehyde >
crotonaldehyde and m-tolualdehyde.

4.4. Case study 3 - Correlation of concentrations of compounds of interest with
the age of furniture in dwellings

In this case study a correlation of the determined concentrations within the
thesis was carried out in dwellings with the age of the furniture in the sampling room.
Figures 58, 59, 60, 61 are graphically represented by the concentrations of the
carbonyl compounds in the houses and the age of the furniture. In order to make the
correlation more visible, an average of the concentrations of the carbonyl compound
was also achieved.
The highest concentration of carbonyl compounds was obtained in indoor air
samples from rooms with new furniture, but not all homes participating in this study
followed this pattern. The highest concentrations of carbonyl compounds were found
in indoor air samples in new furniture rooms (under one year).
Concentration decreases with increasing furniture age for the following carbonyl

compounds: formaldehyde, acetaldehyde, acrolein + acetone, crotonaldehyde,
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benzaldehyde, benzaldehyde, valeraldehyde, o-tolualdehyde and hexaldehyde,
formic acid and acetic acid.

For the following carbonyl compounds, no correlation could be highlighted between
the concentrations determined in homes and age of furniture: propionaldehyde,

butylaldehyde, m-tolualdehyde, p-tolualdehyde and 2,5-dimethylbenzaldehyde.

4.5. Case Study 4 - Sources of Compounds of Interest in Housing

In this case study we compared the values obtained for the carbonyl
compounds in the 19 dwellings with the values obtained in the ambient air. This is
how the indoor / outdoor report was established. The results are presented in Table
8.
Values obtained for the indoor / outdoor ratio were greater than 1 for most dwellings
for most carbonyl compounds. This demonstrates the existence of interior sources
that have a much greater weight than outdoor sources in the ambient air.
The results obtained by analyzing the values of the determined concentrations within
the dwellings can be seen in Table 9. Within this table we can see the degree of
correlation between the concentrations of each carbonyl compound with the other
carbonyl compounds determined in dwellings in the study.
The highest degree of correlation was achieved between the ubiquitous carbonyl
compounds: formaldehyde and butylaldehyde, formaldehyde and benzaldehyde,
propionaldehyde and m -tolualdehyde, butylaldehyde and benzaldehyde,
butylaldehyde and valeraldehyde, butylaldehyde and hexaldehyde, benzaldehyde
and valeraldehyde, benzaldehyde and hexaldehyde, valeraldehyde and hexaldehyde

, Acetic acid and formic acid.

4.6. Case Study 5 - Assessment of the concentration of interest-bearing
compounds in offices

In this case study, concentrations of interest compounds were determined in six
offices located in three buildings in Bucharest. Offices B1, B2, B3 and B4 are located
in the building marked on the sampling map with the number 1 blue. The B5 office is
located in the building marked on the sampling map with the number 2 blue and the

office B6 is located in the 3 blue bulgarian building.
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At all sampling sites, organic acids and aldehydes were sampled concurrently.
The temperature and humidity parameters were recorded in the offices during the
sampling period using thermo-hygrometers.

Concentration values ranged from 54.43 to 128.68 ug/m®. The highest
concentrations were found in B2, the sum of the concentrations of interest
compounds of 128.68 pg/m*. B5 had the sum of concentrations very close to B2,
which is 121.23 pug/m® In descending order of total concentrations of
commonweights of interest, B1 (99.29 pg/m®), B3 (89.76 pg/m°), B4 (76.18 pg/m°)
and B6 (54.43 ug/m®). The highest concentrations were found in formaldehyde,
acetaldehyde, acrolein + acetone, hexaldehyde and acetic acid.

4.7. Case study 6 - Comparison of two sampling methods used to determine
the concentration of compounds of interest in indoor air

In this case study, a comparison was made between the concentrations
obtained for the aldehydes and ketones of the carbonyl compounds of interest by
passive sampling and by active sampling. The sampling was carried out in 4 offices
in the same office building between March 2-11, 2015.

The active levy in order to avoid disrupting the persons working in the
laboratories was done after the 16 to 16 hour program at 7 am. The passive sampling
was carried out at the same sampling points as the active sampling.

In order to compare the two sampling methods, the values obtained were used
to make Bland-Altman diagrams. These are shown in Figure 74. Figure 74 is
composed of Bland-Altman diagrams made from the concentrations obtained by
active sampling and the concentrations obtained by passive sampling. On an
ordinate, the difference between the passive sampling concentration and the active
sampling concentration is plotted. The abscissa is the mean of the two
concentrations.

All diagrams show the existence of a good correlation between the two
methods. Thus, the two methods can be used interchangeably to determine the

carbonyl compounds of interest within the offices.

4.8. Case Study 7 - Sources of Office Interests
In this case study we compared the values obtained for the carbonyl

compounds in the 6 offices with the values obtained in the ambient air. Thus, the

13



indoor / outdoor ratio for office concentrations can be established. This was
calculated by dividing the concentrations obtained in each office by the values
obtained for ambient air.

The existence of indoor sources is also indicated in all offices for most carbonyl
compounds. The ratio of concentrations in ambient air to indoor air is overhead for
most of the compounds of interest.

Table 11 shows the Spearman coefficient of the correlation of the difference of
the ranges for the values of the office concentrations.

The highest degree of correlation was achieved between the ubiquitous
carbonyl compounds: formaldehyde and o-tolualdehyde, formaldehyde and m -
tolualdehyde, formaldehyde and formic acid, acrolein + acetone and p-tolualdehyde,
propionaldehyde and butylaldehyde, propionaldehyde and valeraldehyde,
butylaldehyde and valeraldehyde, o-tolualdehyde and p-tolualdehyde, o-tolualdehyde

and formic acid.

4.9. Case Study 8 - Health Risks Given by Concentrations of Compounds of
Interest in Dwellings and Offices

This case study has attempted to estimate the degree of health risk to which
people living in the dwelling or operating in offices where the determinations of
compounds of interest in this thesis have been exposed.

Table 12 shows the average, minimum and maximum exposure levels for
homes and offices calculated for formaldehyde, acetaldehyde, acrolein + acetone,
propionaldehyde, crotonaldehyde, benzaldehyde, valeraldehyde, hexaldehyde,
formic acid and acetic acid. In assessing exposure levels for compounds of interest in
dwellings, the highest risk was found in acrolein + acetone. Similarly to the present
situation in the dwellings of this thesis, in offices the highest risk was determined for
acrolein + acetone.

When comparing the present situation in the dwelling with that of the office in
terms of health risk based on exposure to the maximum concentration, there is a
single carbonyl compound at high risk for health in the dwelling, while there are no
compounds of interest in the offices high risk; in terms of low risk, in dwellings there
are eight compounds to six in the case of offices. With regard to compounds of

interest that do not pose a health risk concern, only one carbonyl compound in the
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dwellings falls into this category; in comparison with dwellings, in the offices were
identified four carbonyls which are in this category.

4.10. Case Study 9 - Comparison of Compound Interest Results in Dwellings
and Offices with the Results of the Literature

In this case study, an average of the values obtained in the dwellings and
offices was compared and compared with the values obtained in the literature in
articles that were taken in similar locations.

The values in this thesis lie somewhere in the middle of the range of
concentrations determined in dwellings, being close to the values determined by Bari
et al., 2015 and Duan et al., 2014. In the case of acetaldehyde, comparing the
average of the study with other values from the specialized literature in dwellings, it is
found that the average value within the present thesis is close to the average of the
values obtained for all the values determined in the studies. Comparing the average
result obtained in the thesis for hexcaldehyde with other values from the specialized
literature determined in dwellings, it is found that the values determined in the thesis
were half the average for all the concentrations in the studied studies. Regarding
propionaldehyde, the mean of the values determined in dwellings within the thesis is
lower than the average values presented in the previous literature studies. Similarly,
lower values were obtained for: acrolein + acetone, crotonaldehyde, butylaldehyde,
benzaldehyde, and isovaleraldehyde. In the case of valeraldehyde, the mean value
determined in the thesis is higher than the values determined in the other studies.
Compared with the values determined in other studies, the average for the three
compounds (o-tolualdehyde, m-tolualdehyde and p-tolualdehyde) in dwellings
showed the highest value. 2,5-dimethylbenzaldehyde showed the closest
approximation to the mean value of the concentrations compared to the mean
obtained from the values determined in the other studies.

The mean value of formaldehyde determined in the offices was very similar to
the average of the concentrations determined in the studies in the literature. The
mean value determined in the thesis for acetaldehyde was very close to the mean
values determined in the other studies in the literature, being 10% lower. The mean
of the values determined in the thesis had the lowest value of studies that determined

acrolein + acetone in offices.
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5. Conclusions and future research
5.1. Final conclusions

This doctoral thesis determined the concentrations of 17 carbonyl compounds in
the air inside 20 homes and 6 offices. The concentrations of the compounds of
interest in ambient air were also determined. Thus indoor air quality has been
evaluated, providing information about the possible concentrations we are exposed
to in our everyday life both at work and in our own home.

In addition to the conclusions reached by this thesis, after analyzing the data
obtained, the novelty elements are also the novelty of this type of study in Romania.
From our knowledge, there were no scientific papers other than the one that were of
the author of this thesis that would address the characterization of the 17 carbonyls
of interest in the air inside the dwellings and offices or in the ambient air for the given
location or Romania.

With regard to aldehydes and acetone determined in the thesis both in
dwellings and offices, depending on the values of the determined concentrations,
they can be divided into two groups. The first group consists of aldehydes with a
concentration value higher, with average values ranging from 9.97 pg/m?® to 30.64
ug/m°. This group included: formaldehyde, acetaldehyde, acrolein + acetone and
hexaldehyde. Formaldehyde had the highest concentration average in offices and
dwellings, and acrolein + acetone had the highest concentration value determined.

The second group had average values ranging from 0.08 pug/m?® to 3.68 pg/m?®.
This group included propionaldehyde, crotonaldehyde, butylaldehyde, benzaldehyde,
isovaleraldehyde, valeraldehyde, o-tolualdehyde, m-tolualdehyde, p-tolualdehyde,
hexaldehyde, and 2,5-dimethylbenzaldehyde. In most dwellings and offices the
smallest concentrations of carbonyl compounds were obtained for crotonaldehyde
and m-tolualdehyde.

It was not possible to establish a correlation between the value of the
concentrations of carbonyl compounds in dwellings and offices with the value of
temperature and humidity. This was due to the fact that these parameters did not
vary greatly in the sampling areas.

Within homes, a connection between the age of the furniture and the
concentration of formaldehyde, acetaldehyde, acrolein + acetone and hexaldehyde

could be observed. The newer the furniture in the sampling room was, the higher the
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concentrations were compared with the average concentration values for that
carbonyl compound.

The same trend was also observed for the following carbonyl compounds:
crotonaldehyde, benzaldehyde, isovaleraldehyde, valeraldehyde and o-tolualdehyde.
However, due to the fact that the concentration values are small and do not vary
greatly, we consider that more in-depth studies are required to be able to state
whether their concentration values correlate with the age of the furniture.

No correlation could be highlighted between the concentrations determined in
dwellings and the age of furniture for the following carbonyl compounds:
propionaldehyde, butylaldehyde, m-tolualdehyde, p-tolualdehyde and 2,5-
dimethylbenzaldehyde.

As for organic acids, acetic acid showed higher values than formic acid in all
dwellings, with acetic acid concentrations averaging more than 6 times the
concentrations of formic acid.

It was observed that formaldehyde concentrations were lower than the average
in dwellings where the concentration of acrolein + acetone was 2-5 times higher than
the average.

Parallel measurements in B1, B2, B3 and B4 offices in Building 1 both by active
and passive methods showed that the values determined by the two sampling
methods have values that varied very little to nothing between them.

Concerning the sources of carbonyl compounds, the comparison of the
concentration values determined in the indoor air with the ambient air by the
Indoor/Outdoor Ratio and the Spearman Test showed the presence of indoor
sources both in the dwellings and in the offices for all carbonyl compounds in almost
all sampling locations.

In terms of exposure, indoor air quality poses a higher health risk than office air
quality in which concentrations of carbonyl compounds of interest have been
determined. The highest risk for health after exposure was highlighted for acrolein +
acetone in both homes and offices.

Even if the concentration of each carbonyl compound in the indoor air is low
and it does not appear to pose a health risk, many of these pollutants are found
together in the indoor air, thus creating a health risk of cumulative exposure to all

pollutants.
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5.2. Future research directions

By addressing a field where there is still a need to deepen existing knowledge,
this PhD thesis presents many possibilities to be continued in the future.

With regard to studied carbonyl compounds, the thesis can continue with their study
in wider campaigns that include more homes and/or office buildings. Moreover,
indoor air quality studies on these compounds may be extended to other indoor
areas not covered in the thesis or other works in Romania.

In addition to the carbonyl compounds discussed in the thesis, other compounds can
be investigated in indoor air or one can try to reveal the presence of other new
compounds. All this will lead to a more complete characterization of indoor air.

The link between pollutants present in indoor air and human health must be
seen from the perspective of a combined risk from the risks of several pollutants. All
this can improve human health by raising awareness and taking action to reduce
pollution sources.

There is a need for further research on human health guides or control
measures for pollutants at sources based on chemical families or on classes of
pollutants that have the same health effects. Doing so will reduce the risks to human
health.

Thus, this thesis can continue with new studies that provide a more complete

picture of the indoor environment in which modern man spends much of his life.
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