CONCLUSIONS

In France, dwelling regulation has enabled the development of efficient ventilation systems.
These have to be assessed with regard to heat loss. Performance assessment is an important
issue as it may ease the development of new systems with a better efficiency. Nowadays,
about ninety percent of new-built dwellings are equipped with mechanical ventilation systems
(exhaust systems, balanced systems, DCV systems). The efficiency of different ventilation
systems is assessed by methods using computer models which require some assumptions
relevant to the occupancy schedule of each room and the virtual pollutant emission rate.
Results have shown that the performances of ventilation systems depend on the selected
indoor air quality indicator ; research is needed in order to determine the relevant indicators
to assess the performance of systems.
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ABSTRACT

The objective of this study was to assess the occurrence of symptoms related to the sick
building syndrome (SBS) and unpleasant odors among day-care nursing workers, in

relation to air flows and ventilation rates in day-care cenlers. A random sample of 30 day-
care centers in the city of Espoo was selected for the study. The study population consisted
of 268 female nursing workers, who filled in a questionnaire. Ventilation system in most
of the day-care centers (63%) was mechanical supply and exhaust, and the rest of the
centers (37%) had mechanical exhaust only. The exhaust air flows in the children’s rooms
varied remarkably, the range being 0-11 L/s per person (average 4.0 L/s per person). The
ventilation rate varied from 0 to 5 m*hm’® (average 1.6 1/h). No consistent associations
were observed between the magnitude of air flows or ventilation rate and the occurrence of
symptoms or unpleasant odors experienced by the workers. The results indicate that
relatively low mechanical ventilation rates are not associated with SBS symptoms and
unpleasant odors, in conditions where the potential sources of odor are strong and air
exchange is not totally dependent on mechanical ventilation (windows are openable).

INTRODUCTION

It has long been known that infectious diseases are more common among children in day-
care centers than among children in other forms of care (1, 2). Inadequately low ventilation
rates and high concentrations of CO, and chemical and biological pollutants have been
measured in day-care centers in the Nordic countries and North America (3-9). However,
the effects of different indoor environmental factors and especially ventilation rates have
not been sufficiently studied.

A similar set of symptoms experienced by office workers has been called the sick building
syndrome (SBS). The objective of this study was to assess the occurrence of SBS
symptoms and unpleasant odors among day-care nursing workers in relation to air flows
and ventilation rates. This association has not been reported earlier in a day-care center
environment, where approximately one third of the Finnish preschool children are enrolled.
The hypothesis of the study was that SBS symptoms as well as perceived unpleasant odors
are more commonly related to low ventilation rates.
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METHODS
Study population

From 112 day-care centers in the city of Espoo, a random sample of 30 day-care centers
(27%) and their employees was selected for the study. Espoo is an urban-suburban
municipality with a population of 170,000, in the Helsinki metropolitan area. A self-
administered questionnaire was distributed to each worker at the 30 day-care centers in
March 1991. The questionnaire was returned by 339 workers (96.0% of all). The study
population, described in Table 1, was limited to 268 female nursing workers (69
administrative or service workers and 2 male nursing workers were excluded).

Data collection

The performance of the ventilation, the indoor air quality and characteristics of the indoor
environment were assessed in the 30 day-care centers studied during October and
November 1990 (10). The air flows were measured with momently measurements from the
exhaust outlets with a hot wire anemometer and an anemometer tube. The measurements
were made when the rooms were occupied and the ventilation systems were operated as
usual. The determinants of interest were air flow per person (L/s,person) and ventilation
rate (m*/hm’) calculated of the exhaust air flows in all the children’s rooms.

A self-administered questionnaire was developed in which workers were asked about their
personal characteristics, the occurrence of allergic diseases, different infectious diseases,
symptoms of the sick building syndrome (SBS) and perceived indoor air quality during the
past 12 months, and details of their work and home environments. The outcomes consisted
of unpleasant odors (including metabolical, stuffy air, sewage smells, mold, tobacco smoke,
chemical and other odors) and such work-related symptoms as eye symptoms (dryness,
irritation or itching), nasal dryness, nasal congestion (blocked nose), nasal discharge (runny
nose), pharyngeal symptoms (cough, dryness, irritation, itching or sore throat), skin
symptoms (dryness, irritation or itching), headache, lethargy and difficulties in
concentration during the past year.

Statistical methods

In the crude analysis, prevalence ratios and odds ratios were estimated for the determinant-
outcome relations. The determinant-outcome relations were then estimated in logistic
regression models, including indicator variates for the ventilation and the potential
confounders as covariates. In the final models, the air flows were categorized into three
groups: 1) below 2.5 L/s per person (low ventilation), 2) 2.5-<5.0 L/s per person (medium
ventilation), and 3) from 5.0 L/s per person (adequate ventilation as reference). The
Finnish guide value for day-care centers is 5 L/s per person (11). To provide the best
estimate of the relation between the ventilation and the symptoms, the following potential
confounders were included in the models: age (15-34 / 35-44 [ 45-64 years), atopy (any
history of doclor-diagnosed asthma, atopic eczema, allergic rhinitis or allergic
conjunctivitis), job (manager or teacher / nurse / assistant or trainee), psychosocial index of
work (including psychosocial climate, work stress and interest in work), building type
(detached day-care building / in block of flats), type of ventilation system (mechanical
exhaust / mechanical supply and exhaust), dampness (including water damage in the day-
care center and mold odor perceived by the nursing workers), and any moisture problem at
home (including water damage, wet spots, visible mold and mold odor). All the workers in
the study population were female.

RESULTS

Ventilation system in most of the day-care centers (63%) was mechanical supply and
exhaust, and the rest of the centers (37%) had mechanical exhaust only. The exhaust air
flows in the chil fren’s rooms varied remarkably, the range being 0-11 L/s per person
(average 4.0 L/s per person). The ventilation rate varied from 0 to 5 m’hm’ (average 1.6
1/h). The studied persons, whose personal and environmental characteristics are described
in Table 1, were categorized into three groups according to the magnitude of the air flows.
The workers in the low ventilation group were older on average and they were more
seldom working as nurses. The day-care centers were more often located in apartment
buildings with mechanical exhaust only and with signs of water damage.

Table 1. Characteristics of the 268 female nursing workers in the 30 day-care centers studied.

Characteristic L/s,person: 0.0-<2.5 2.5-<5.0 5.0-11.1 Total
N % N % N % N %
Totat 87 99 82 268
Age
15-34 41 47.1 56 56.6 48 58.5 145 54.1
35-44 21 241 16 16.2 24 29.3 61 22.8
45-64 25 28.7 27 273 10 12.2 62 23.1
Any allergic disease
No 59 67.8 63 63.6 57 69.5 179 66.8
Yes 28 32.2 36 36.4 25 30.5 89 33.2
Job
Manager or teacher 37 425 29 293 29 354 95 354
Nurse 21 24.1 45 455 31 37.8 97 36.2
Assistant or trainee 29 333 25 253 22 26.8 76 28.4
Psychosocial index
Satisfied 51 58.6 66 66.7 49 59.8 166 61.9
Unsatisfied 36 41.4 33 333 33 40.2 102 38.1
Building type
Detached day-care building 52 59.8 73 73.7 63 76.8 188 70.1
In apartment buildings 35 40.2 26 26.3 19 23.2 80 29.9
Ventilation system
Mechanical exhaust 64 73.6 24 242 10 12.2 98 36.6
Balanced ventilation 23 26.4 75 75.8 72 87.8 170 63.4
Dampness
No water damage or mold odor i1 12.6 37 374 27 329 75 28.0
Water damage, no mold odor 57 65.5 40 40.4 36 43.9 133 49.6
Water damage and mold odor 19 21.8 22 222 19 23.2 60 22.4
Any moisture problem at home
No 68 78.2 77 77.8 69 84.1 214 79.9
Yes_ 19 21.8 22 22.2 13 159

54 20.1



No consistent associations were observed between the magnitude of air flows or ventilation
rates and the occurrence of SBS symptoms or unpleasant odors (Table 2). Of the
respiratory symptoms, pharyngeal symptoms were more common among the occupants
working in the day-care centers with low or medium ventilation (below 5 L/s per person)
than among the workers in the centers with ventilation within the regulations (above 5 L/s
per person). Statistically significantly higher was the risk of lethargy (OR 2.15, 95% Cl
1.07-4.29) when the air flows did not achieve the guide value of 5 L/s per person;
however, the risks of other general symptoms were smaller. Unpleasant odors perceived by
the nursing workers were most common with medium ventilation (the occurrence of )
metabolical odors being statistically significantly higher). According to the crude analysis,
the nursing workers in the older day-care centers (constructed before 1981) with
mechanical exhaust, experienced significantly more commonly unpleasant odors tha‘n 1r|e
workers in the newer buildings (constructed from 1981 onward) with balanced ventilation
(70% / 56%, p<0.05).

Table 2. Adjusted odds ratios for work-related SBS symptoms and unpleasant od()fs in the
categories of low ventilation (0.0-<2.5 L/s per person, N=87) and medium ventilation
(2.5-<5.0 L/s per person, N=99), versus adequate ventilation as reference category
(5.0-11.1 L/s per person, N=82).

Symptom or 2.5-<5.0 L/s,person 0.0-<2.5 L/s,person
perception OR 95% Cl OR 95% ClI
Eye symptoms 0.80  0.32-2.00 0.46  0.13-1.66
Nasal dryness - i 1.14  0.49-2.68 0.57  0.17-1.86
Nasal congestion (blocked nose) 0.91 0.36-2.31 1.01 0.31-3.30
Nasal discharge (rum;y nose) 1.07  0.40-2.87 1.28  0.35-4.61
Pharyngeal symptoms 1.39 0.56-3.48 1.81 0.55-5.97
Skin symptoms 0.70  0.32-1.56 0.60  0.22-1.62
Headache 1.16  0.61-2.20 0.79  0.36-1.73
Lethargy 215  1.07-4.29 216  0.92-5.06
Difficulties in concentration 036 0.11-1.14 0.46  0.13-1.66
Unpleasant odors 1.01  0.53-1.92 0.40  0.18-0.90
Metabolical odors 299  1.45-6.18 0.75  0.30-1.92

DISCUSSION

Against the hypothesis of the study, no consistent and significant associations were
observed between the magnitude of air flows or ventilation rates and the occurrence of the
SBS symptoms among the nursing workers in the day-care centers. As an exception
lethargy was more frequent in both low and medium ventilation categories than in the
reference category (above 5.0 L/s per person). No consistent associations existed with the
occurrence of unpleasant odors experienced by the workers, although the CO,
concentration measured was highest on average with low air flows (below 2.5 L/s per
person) (10). The greater risk of lethargy could be explained by the increased CO,
concentrations, although the lack of dose-response pattern does not favor this explanation.

Exhaust air flows have commonly been used as a measure of the magnitude of air
exchange, mainly because they are easy to measure. In a Finnish cross-sectional study of
office workers, air flows below 10 L/s per person were associated with excessive SBS
symptoms (12). In our study, no such correlation was found, although the air flows were
lower. Because of the nature of the work, the day-care workers spend less time in any one

room than the office workers; thus the exposure is lower to indoor air pollutants of the
room.

In the children’s rooms, the exhaust air flows are designed to be lower than the supply air
flows, and the internal air flows go, in principle, toward the bathrooms. Measuring the
exhaust air flows does not account all the air flows between the rooms and, because of
this, the actual outdoor air flows can be higher than the measured air flows. The position
of the interior doors has a great influence on this, too.

The air flows were measured only once (during the heating period), whereas the
occurrences of symptoms and perceptions were asked over a period of twelve months. The
variation of mechanical air flows is usually insignificant over the time, and mechanical
ventilation systems are not as sensitive with outdoor climate as natural ventilation systems.
Instead, the ventilation through the windows varies with the outdoor thermal conditions;
and with low air flows, the window ventilation was slightly more frequent with a
corresponding increase in the actual air exchange. An explanation to the results could be
the influence of negative feedback: if the occupants are perceiving excessive unpleasant
odors, they open the windows more frequently.

Too low ventilation rates may be insufficient in eliminating the indoor air pollutants which
have adverse effects on human health and comfort. The exhaust air flows may not be the
best measure for the exposure to indoor air pollutants (mainly from human bioeffluents); a
better method could be an integrating constant tracer flow technique with which the actual
long-term air exchange rate could be assessed.

The results indicate that relatively low mechanical ventilation rates are not associated with
SBS symptoms and perceived unpleasant odors among workers in day-care centers, in
conditions where the potential sources of odor are strong and air exchange is not totally
dependent on mechanical ventilation (windows are openable).
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ABSTRACT

The study presented here gives an indication of the removal rate of comtaminants by the
building envelope. To determine this removal rate and the corresponding penetration
factor, a model of a residental building was built inside a controlled exposure chamber.
80, and NO, gases were injected into the supply air of the chamber, and concentrations in
both chamber and model were monitored. The experiments indicated that the building
envelope removed part of both gases, resulting in lower indoor concentrations. Exposure
of the model to NO, gas resulted in elevated levels of NO inside.

INTRODUCTION

Ventilation and infiltration air can bring outdoor contaminants into the indoor environment.
Using mechanical ventilation systems, the outside air can be cleaned as part of the
conditioning before inroduction into the occupied space. For building constructions with
natural ventilation, contaminated outside air enters through windows, doors, cracks, and
other openings in the structure. The fraction of the contaminants that will be absorbed by
the materials that make up the building envelope is the removal rate. The fraction of
outdoor pollutant concentration that is not removed by the building envelope, but enters the
building, is the penetration factor. The entry and subsequent fate of outdoor contaminants
in the building envelope are not well known. The study presented here gives an indication
of the removal rate of SO, and NO, gas by the building envelope. These gases were used
because they are major outdoor pollutants and relatively easy to generate and analyze.

METHOD

A mass-balance model has been developed (1), which relates outdoor pollutant
concentration, building penetration factor, air exchange rate, indoor sources, and sink rate,
with indoor pollutant concentration. This model assumes uniform mixing, and that air
exchange rate, penetration factor, emission, and sink rate are constant. The building
penetration factor, P, represents the fraction of outdoor pollutant concentration that
penetrates indoors, i.e., is not removed by the materials that make up building envelope. If,
for a compartment, the air exchange rate, the sink rate for a given pollutant, and the




