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1.

Uitgaande van de gangbare definities, zoals gebruikt in de beschrijving
van integrale persoonlijke blootstelling aan luchtverontreiniging, kan
de woning meestal niet gezien worden als een 'micro—environment'.

(Dit proefschrift)

2.

Blootstellingsmaten voor luchtverontreiniging, gebaseerd op de aan- of
afwezigheid van bronnen van NO, en respirabel stof in de woning, zijn
in de regel onvoldoende nauwkeurig voor het gebruik in epidemiologisch
onderzoek.

(Dit. proefschrift)

3.

De observatie dat populaties in verschillende Nederlandse regio's ver-
schillen in longfunctie parameters en CARA prevalentie, kan niet zonder
meer verklaard worden door verschil in blootstelling aan luchtverontrei-
niging in de buitenlucht, aangezien er ook regionale verschillen kunnen
zijn in blootstelling aan luchtverontreiniging in de woning.

Maas, P.J. van der (1979), CARA bij kinderen. Proefschrift Evasmus
Universiteit, Rotterdam.
Lende, R. van der (1981), Bull Europ Physiopath. Resp. 17, 776-792.

4.

Aangezien er nauwelijks inzicht bestaat in het huidige ventilatiegedrag
van bewoners, noch in de drijfveren daarvoor, em aangezien bovendien
nauwelijks duidelijk is welk ventilatiegedrag wenselijk is, valt van
een voorlichtingscampagne ter verbetering van ventilatiegedrag weinig
effect te verwachten.

5.

The suggestion 'that all monitoring programs should be directed toward
the formulation and validation of indoor air quality models, rather
than toward the characterization of the (US) housing stock' is
unjustified.

Moschandreas, D.J. (1982), J. Air Poll. Contr. Assoc. 32, 904-906.

6.

When reading standard textbooks on statistics or books on computers,
one may easily gain the notion that a statistical analysis done on the
computer is a fairly simple one-step operation; however, real life is
not so simple, since each stage of the analysis uncovers information
that affects the subsequent steps.

After: Dizon, W.J. ed. (1981), BMDP Statistical Software, University
of California, Berkeley.



7.

De door Toffler beschreven 'demassificering' van de samenleving kan
in de toekomst voor de milieu-epidemiologie tot gevolg hebben dat het
retrospectieve en dwarsdoorsnede onderzoek naar ocorzaken van chroni-
sche aandoeningen nog moeilijker wordt.

Toffler, A. (1980), The third wave. Pan Books Ltd., Londen.

8.

De besluitvorming rond problemen van verontreiniging in de woonomgeving
zou kunnen verbeteren, indien, naast een risico-analyse, ook onderzoek
naar de risico-perceptie van de betrokkenen zou worden uitgevoerd.

9.

In zijn evaluatie van het effect van een pakket thermische isolatie-
maatregelen op de luchtinfiltratie in bestaande woningen,besteedt Meijer
onvoldoende aandacht aan de mogelijkheid dat bewoners hun (ventilatie)-
gedrag veranderd kunnen hebben nadat de isolatiemaatregelen zijn uit-
gevoerd,

Meyer, L.A. (1981), Energiebesparing in de sociale woningbouw; bespa—
ring op ruimteverwarming in theorie en praktijk. Proefschrift Rijks—
universiteit Groningen.

10.

Het verdient aanbeveling om in het onderzoek naar het zogenaamde 'sick
building syndrome' meer aandacht te besteden aan wat Naisbitt omschreef
als de 'high tech/high touch balance’.

Naisbitt, J. (1984), Megatrends. Warner Books Inc, New York.

11.

In de reclame voor afvoerloze petroleumkachels dient de verwijzing
naar een TNO-rapport, dat de onschadelijkheid van de verbrandingsgassen
zou aantonen, vervangen te worden door de waarschuwing, dat deze kachels
de NOj-concentratie in de woning aanmerkelijk kunnmen verhogen.

TNO Hoofdgroep Maatschappelijke Technologie, vapport nr. 8711-60654,
Apeldoorn.
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STRUCTURE OF THIS REPORT.

The subject of air pollution in homes is of interest for people from
various backgrounds. Medical doctors, environmentalists, building engi-
neers, public health officers, gas industry and consumer organisations all
have to deal with indoor air quality problems in one way or the other. It
is therefore necessary to introduce briefly several issues of indoor air
pollution, which may be commom knowledge for some readers but not for
others.

The report is devided in two parts; one which describes the study and one
which contains the results. The figures and tables are separated from the
text.

In part 1, the subject of air pollution in homes and the background of the
study are introduced in chapter 1. Chapter 2 gives an overview of indoor
air pollution research methodology and sketches the current state of knowl-
edge. In chapter 3, the study design is presented; this chaper is arranged
according to the three main measurement programs which form the body of the
study. The statistical techniques, which were used for the data analysis in
part 2, are briefly introduced in the final part of chapter 3.

Part 2 presents the results of the study. First, a description is given of
some general characteristics of the homes which were studied. In chapters 3
to 6, the measurement results for the pollutants under study are treated
separately. In these chapters, the associations between indoor pollutant
Tevels and characteristics of the homes are described and each chapter ends
with a summary and discussion. In the final chapter, a general discussion
on air pollution in Dutch homes is given from the perspective of public
health.



"The equations are not reliable when applied to individuals,
as you well know. They only deal with humanity in mass."

Isaac Asimov; Foundation's Edge.

1982



CHAPTER 1. INTRODUCTION

1.1. General introduction

Due to the "oil crisis" of 1973, the balance between the need for clean
indoor air and the need for thermal comfort and protection against outdoor
perils has been disturbed by increasing residential energy costs.The "oil
crisis" led to governmental campaigns by which occupants were encouraged to
reduce domestic energy consumption.

Activities 1ike insulating homes and sealing up the building envelopes were
subsidized by the Dutch government after 1973. Overly enthusiastic occu-
pants even sealed ventilation ducts. More recently, there has been a ten-
dency to change to other (and cheaper) heating systems, such as wood stoves
and kerosene heaters. The activities to reduce energy consumption and
expenses led to new sources of indoor pollutants and simultaneously the
dilution of these pollutants was limited by the reduction of ventilation of
the homes.

Parallel to this, new materials and new chemicals which were used for
construction, wood conservation, home decoration and for the fabrication of
a wide array of other consumer products were introduced into the homes.
Concern that these developments might lead to an unacceptable deterioration
of 1indoor air quality was expressed among others in the late Seventies in
presentations at the Symposium on Indoor Climate, Copenhagen (Fanger and
Valbjgrn 1979) and at an international workshop "Health aspects related to
indoor air quality", organized by the World Health Organization, Bilthoven
(WHO 1979). In the same year, the Dutch Minister of Public Health and
Environmental Protection addressed the Public Health Council with a request
to advice him on minimal ventilation requirements in homes, needed for
acceptable indoor air quality.

Although nonoccupational 1indoor air pollution goes back to the time when
prehistoric man started to use open fires in enclosed spaces, the systema-
tic research efforts in this field are from a rather recent date. In public
health literature, air pollution has mainly been considered as an outdoor
phenomenon. In the Dutch Law on Air Pollution (Anonymus 1973) air pollution
is, by definition, explicitly restricted to the ambient atmosphere.

Besides domestic energy conservation and the introduction of new materials
in the home, another factor has shifted attention from outdoor to indoor
air pollution: the recognition of the existing time-activity patterns of
people in western industrialized societies. Most people spend about 16 to



17 hours per day in their home (Szalai 1972, Chapin 1974, Knulst 1978)}. The
actual exposure to outdoor air pollution is thus 1imited to short periods
of time. Furthermore, the earlier studies on indoor air pollution have
shown that indoor levels could be quite different from the outdoor Tlevels,
depending on type of pollutant and circumstances.

In most epidemiological studies in the past, population exposure estimates
were based on ambient air pollution levels which were measured at one or a
few fixed monitoring stations. In some cases, exposure estimates were based
on whether people were Tiving in an industrialized or a rural area. As a
result of regulatory actions based on, among other factors, the findings of
earlier health effect studies, the contrasts in ambient air pollution
Tevels in time and place are now smaller than in the first half of this
century with 1its more severe air pollution episodes. It is, therefore,
questionable whether the use of traditional exposure estimates is still a
valid approach in epidemiological studies, given the time use of people and
the differences between outdoor and indoor air pollution levels.

In the Sixties, Biersteker and de Graaf(1967) were among the first to
recognize the implications of indoor air pollution for health effect stu-
dies on air pollution. It is now generally acknowledged that obtaining
accurate exposure measures 1is one of the most complicated tasks in the
design of such epidemiological studies.

1.2. The concept of integrated personal exposure

Personal exposure to a pollutant can be defined as the event when a person
comes into contact with a poliutant of a certain concentration during a
certain time period (0tt 1980). while exposure to a particular pollutant
may occur simultaneously through various pathways such as air, water, soil
and food (Behar 1979), only exposure to air pollution will be discussed
here.

The concentration of a pollutant at a certain location varies in time, and
different locations have different concentrations. The definition of per-
sonal exposure implies that person and poliution are at the same place at
the same time. People therefore encounter different concentrations of
various duration at different locations, when moving from one location to
the other during their normal daily activities. The durations (t) of the
exposure of an individual (1) to a concentration (C)} over a time period
(ta), 1is taken into acount by the integrated personal exposure (E)} (Bennet
1982, 0tt 1980,1982):



E=/%c(t) dt ~(ug.m3.h) (1)
or more conveniently, as time-weighed average,

E';El . ofta € (t) dt (pg.m™3, during period ta) (2)
a

This definition does not imply any preference for any of the various ways
in which exposure can be described in exposure-response relationships. From
the perspective of possible health damage, other components of exposure to
a pollutant, such as the magnitude of peak concentrations, intervals (reco-
very time) between peak exposures, duration of the exposure, etc., may be
more appropriate to describe exposure-response relationships, depending on
the pollutant and the effect under study.

Locations with a homogeneous pollutant concentration in space and time were
called *"microenvironments" by Ott (1980). Groups of similar locations were
referred to as "microenvironment type" by Duan (1981), “location" by Fugas
(1975) and "environmental mode" by Moschandreas and Morse (1979). In the
following, the term "microenvironment" will be used.

For J different microenvironments, the integrated personal exposure can be
formulated as:

ij * t'ij (pg.m’3.h) (3)

or as time-weighed average,

- 3 -3 i (4)
E = '21cij - tiy /2ty {ug.n~2,during period tij)
J:
where C;; is the concentration in microenvironment (j) in which an indivi-
dual (1) remained during a time period tij-

The dintegrated personal exposure can be assessed directly through measure-
ments with personal monitoring devices, attached to persons during their
normal daily activities.

In an indirect approach, integrated personal exposure can be calculated
with formula (3) or (4), using data about the time people spend in diffe-
rent microenvironments and about the pollutant concentration in these
microenvironments.Many different microenvironments (with dimensions of
space and time) can be identified, but doing so 1imits the feasibility of




assessing time allocation and pollutant concentration with sufficient time
resolution. Moschandreas and Morse {1979), for instance, have identified
six different environmental modes (the occupational, the in-transit, the
residential, the ambient, the office and the "others"), but some others
have used up to 18 microenvironments.

Data from time budget surveys can be useful to estimate the time allocation
of people in different microenvironments, with certain assumptions about
the locations where the registered activities take place.

For the Netherlands, the average time allocation of 2730 people of 12 years
and older was calculated from the original data of a time budget survey
carried out in October and November 1980 (table 1).

Table 1 shows that, 1in the Netherlands, people spend about 90 % of their
time indoors, and 70 % is spent at home. Just as in many other countries
{National Research Council 1981), on the average only one to a few percent
of the time is spent out of doors.

The time use of specific population groups may deviate substantially from
the average time allocation of the general population. Farmers, for in-
stance, will spend more time outdoors than average, while infants just as
elderly and disabled people will spend more of their time in the home.

To assess the integrated personal exposure, research efforts must be di-
rected to critical microenvironments. Critical microenvironments are those
that have a large contribution to the integrated personal exposure. From
formula (3) it can be seen that microenvironments with a high value for the
product of pollutant concentration with time allocation can be considered
as critical microenvironments.

With the figures of time use in mind, it is evident that, in general,
outdoor air pollution can only have a substantial contribution to the
integrated personal exposure when outdoor pollutant levels are similar to,
or many times higher than those encountered in buildings.

1.3. Background and objective gf_ghg;studx

In 1980, a study was initiated regarding the integrated personal exposure
of people to air poliution, with special reference to the possible health
effects of the exposure. The investigation was conducted by the Department
of Environmental and Tropical Health and the Department of Air Pollution of
the Agricultural University Wageningen and was began with a 1literature
survey on indoor air pollution and public health (Boleij and Brunekreef
1982).



The subject of this thesis is the first step in the staged assessment of
personal exposure.

The objective of this first step was the characterization of the typical
pollutant levels inside Dutch homes, 1in relation to properties of the home
and occupants, from a perspective of integrated personal exposure and
public health.

The characterization of all known indoor air pollutants would be beyond the
scope of the study. Therefore, the study was initially restricted to:

carbon monoxide (CO)

nitrogen dioxide (NO,)

respirable suspended particles (RSP}
The selection of these general air pollutants was based on the following
considerations.
First, these pollutants have known indoor and outdoor sources in the
Netherlands. Second, these pollutants are generated by a limited number of
indoor sources. Third, health effects of these pollutants have been docu-
mented. In particular, indoor exposure to NO, and RSP is suspected of
playing a (yet not fully understood) role in the aetiology of chronic non-
specific lung disease(CNSLD). These pollutants were also recommended for
further study by Working Groups on Indoor Air Pollution of the WHO (WHO
1979a,1982).

Later, the study was extended to Volatile Organic Compounds (VOC). The
interest 1in VOC stems from the recent discoveries that chemical waste in
the soil of urban areas may act as a source of indoor air pollution and
especially of VOC. The determination of VOC levels in Dutch homes was
carried out in cooperation with the National Institute for Public Health
and Environmental Hygiene, Bilthoven. In the case of VOC, the study objec-
tive was to generate a data base of typical indoor levels of VOC, against
which levels in homes built on polluted soil could be evaluated.

Additional funds for the study were granted by the Ministry of Housing,
Physical Planning and Environment.

1.4. Brief description of the poliutants under study

Carbon monoxide

Carbon monoxide (CO) is a gas generated by incomplete combustion of fossil
fuels. CO inhibits the transport of oxygen in the body by forming carboxy-
hemoglobin (COHb) in the blood. Its affinity to red blood cell hemoglobin




is about 240 times stronger than that of oxygen. Elevated carboxyhemoglobin
levels can cause symtoms such as headache, dizziness, nausea and also an
increased risk of angina pectoris in people with coronary artery disease.
Very high levels cause asphyxia and death (WHO 1979b).

The Dutch Health Council (1975) has recommended maximum values for ambient
carbon monoxide: 40 mg/m3 {1-hour average) is not to be exceeded more than
once a week; 10 mg/m3 (8-hour average) is not to be exceeded more than once
a month. With CO concentrations below these guidelines, the carboxyhemo-
globin Tevel stays below 2.5-3.0 %, a level considered safe for the general
population, including sensitive individuals. In the period from April 1981
to March 1983 these guideline values were not exceeded by ambient concen-
trations measured at the stations of the National Monitoring Network (RIV
1981, RIV 1982). In the Netherlands, 1l-hour average ambient CO levels of
less than 5 mg/m3 are typical.

Nitrogen dioxide

Nitrogen dioxide (N02) is formed in combination with NO, from atmospheric
nitrogen and oxygen in high temperature combustion processes. From -the
point of view of health effects, NO is relatively harmless. NO,, however,
can denaturate the chemical structures in pulmonary tissues due to its oxi-
dizing properties. Furthermore, there are indications from animal experi-
ments that NO, can reduce resistance against airway infections. Experiments
with healthy human volunteers have shown that exposure to NO, can increase
the airway resistance and can increase the sensitivity to stimuli which
lead to broncho-constriction (WHO 1977). In short, NO, is suspected to
cause, aggravate, or maintain respiratory disease.

The proposed Dutch air quality standard for outdoor NO, are aimed especial-
ly at preventing short-term peak concentrations (Dutch Health Council
1979): a value of 150 pg/m> (24-hour average) is not to be exceeded more
than one day per year; the l-hour average value, not to be exceeded more
than once a year, is 300 ug/m3.

In the period from April 1981 to March 1983, 24-hour average ambient con-
centrations of about 30 ug/m3 were typical in the Netherlands (CBS 1982,
CBS 1983). Occasionally, the proposed standard was exceeded at monitoring
stations near roads with a high traffic density (RIV 1982).

Respirable suspended particles

Respirable suspended particulate matter (RSP) is the fraction of airborne
particles with an aerodynamic size of < 10 um and, depending on definition,



a 50 % cut-off at an aerodynamic size of 2.5 to 5 um (ISO 1981). RSP is the
size fraction which can penetrate into the lower airways.

Various effects of RSP on human health have been described: chronic non-
specific lung disease, mutagenic and carcinogenic effects and specific
toxicological effects {e.g. for Tead). Much of the effects of RSP depend on
physical structure and chemical properties.

The standard for outdoor particulate matter in the Netherlands is only
applicable for 'Standard Smoke' measurements and is related to ambient SO,
Tevels. According to the US primary standard for outdoor particulate mat-
ter, a 24-hour average concentration of total suspended particulate matter
(TSP) of 260 ug/m should not be exceeded, while the annual geometric mean
TSP level should not exceed 75 ug/m3. In a revision of the standard it is
proposed to replace TSP by an indicator for particles of less than 10
um(PM;5). The proposed 24-hour average PMig-Timit ranges between 150- 250
nug/m°, while the annual arithmic mean PMjp-1imit ranges from 50-60 ug/m
{EPA 1984).

Typical outdoor TSP levels in the Netherlands are between 40-90 ug/m (24-
hours average)} with occasionalvalues up to 200 pg/m (CBS 1982, 1983).

Yolatile organic compounds

The term volatile organic compounds (VOC) refers to a wide range of air
contaminants, from the lower weight, straight-chain saturated hydrocarbons
to more complicated structures as, for instance, chlorinated aromatic
compounds. An equally wide range of toxicological effects is described for
VOC or- their metabolites. For the most part, the reported effects are
derived from animal experiments, or from investigations of occupational
exposures. Among others, irritation of skin and mucous membranes, 1iver and
kidney damage and carcinogenic and neurotoxic effects have been found for
selected VOC (National Research Council 1981).

Ambient concentrations of most individual VOC remain below 5 ug/m . For
toluene and xylenes ambient levels of a few tens of ug/m are typical, but
in areas with high traffic density, 1levels of over 100 ng/3 have been
found. The ambient levels of VOC are usually orders of magnitude lower than
occupational standards.



CHAPTER 2. INDOOR AIR POLLUTION RESEARCH; AN OVERVIEW

2.1. Introduction

Probably the first person who studied an indoor air pollution problem in
the Netherlands was Fokker (1884). In public gathering places, he exposed
rabbits to air polluted with tobacco smoke and determined CO-levels in the
blood of the animals. Since the mid-sixties, dindoor air pollution has
received an increased attention and more sophisticated measurement techni-
ques were adopted. In 1972, Benson et al. compiled a Titerature review
which included 77 references of mostly recently published work. In the
following years several hundreds of publications with relevance to some
aspects of the field of indoor air pollution have been 1ssued (National
Research Council 1981}).

In general, the fast growing body of 1iterature on indoor air pollution is
compiled from different disciplines. The different perspectives of, for
instance, the gas industry, ventilation engineering, energy conservation
and public health protection have Ted to a very fragmentary character of
the Titerature, since research objective, instrumentation and study design
were (in part) determined by the background of the research institute or
sponsor. This hinders a systematic assessment of the literature and makes
it difficult to compare the results of the different investigations.

In this chapter, the indoor air quality research will be classified into
three main approaches, each with a different emphasis on the factors in-
fluencing indoor air pollution. After these three approaches have been out-
Tined, the current state of knowledge will be summarized for the pollutants
under study.

2.2, Indoor air pollution research methodology

Research on indoor air quality can be classified in a mechanistic, case
study and survey approach, depending on the emphasis that is put on differ-
ent aspects of the factors that control indoor air quality, and the scale
of the investigation. The factors that influence the pollutant Tevels
within a structure are the air quality outside the structure, air exchange
with the exterior, pollutant production within the structure, the geometri-
cal properties of the structure and the removal of pollutant by chemical
reactions, deposition, etc..



lance equation (5) is often used to describe the process of
generation and elimination of indoor air pollution (National Research
Council 1981).

dCi
Vg =P-E-Q(Ci-Co) (5)
v = volume of the structure (m3)
Ci = pollutant concentration in the structure (ug/m3)
P = emission rate of the pollutant inside the structure (ug/h)
E = elimination rate of the pollutant through chemical and
physical processes (ug/h)
Q = air exchange rate with the exterior (m3/h)
Co = pollutant concentration outside the structure (ug/m3)
t = time (h)

This model applies to a single well-mixed compartment; more elaborate
models contain factors for mixing, recirculation and filtering, or relate
to multicompartment situations.

In the mechanistic approach, the investigations are carried out 1in the

laboratory, experimental room, or in normal homes under controlled experi-

mental conditions. Emphasis is put on determination of pollutant source

strength, decay, the effect of ventilation and infiltration and/or on

mode1ling of the whole process of pollutant production and elimination; the

influence of occupant behaviour is excluded (Cote et al. 1974, Dewerth and

Himmel 1974, Shair 1974, Hollowell et al. 1976, Moschandreas et al. 1978,

Alzona et al. 1979, Hollowell et al. 1979). Research of this type addresses

the indoor air pollution potential. It answers questions such as:

- to what degree is being indoors a protection against ambient air pollu-
tion?

- what is the CO- or NO,-production of a cooking range or cigarette?

- what effect will reduction of ventilation (to conserve energy) have on
indoor air quality?

In the case study approach, pollutant levels in one or a few occupied homes
are monitored in detail over several days or weeks under normal Tliving
conditions (Cote et al. 1974, Moschandreas et al. 1978, Stevenson et al.
1979). Emphasis 1is put on determination of (the variability of) indoor
pollutant levels (the term %%1 of the mass balance(5)).

These studies supply information about the transient concentration pat-
terns, distribution of pollutants within the home and about indoor/outdoor
relationships. The studies <involve bulky and noisy equipment which is






