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SUMMARY

In this paper, the results from a field study oe thfluence of ventilation rate on the sleep
pattern are presented. The testgroup was askdddp & their normal sleeping environment
(student dorms) in order to cause as little disoumpin the normal pattern as possible. For the
same reason, actigraphy was used to measure stgpng since this is one of the least
disturbing measurement techniques available. Tindest dorms were selected as a location
because all rooms are identical and basic conditeme therefore very similar for all the
participants in the study. The participants wergoabhsked to fill out a number of
guestionnaires to determine their general attitiodeards sleep and to get an idea of their
subjective appreciation of the sleep quality exgrexed over the test period. The results show
only a very small effect of the ventilation ratetbe sleep pattern.

IMPLICATIONS

The results presented are among the very few daikahble for the assessment of bedroom air
quality and its effect on the occupants. In conjiomcwith other and future data, they will
allow to develop ventilation criteria and standattulst are specific to the residential situation
instead of the office work based criteria that dwae the current standards.
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INTRODUCTION

Most of the available ventilation standards todag based on the perceived air quality
theorem presented by (Fanger, 1988). The testatatahich this theorem is based are done
upon entering a polluted room. In these tests tl@erastraight forward relation between the
pollution load (expressed in olf) and the apprearabf the air quality by the test panel was
found. Based on these findings and the evidendectithon dioxide (Cg) is a good indicator
for metabolic pollution loads in an environment twiho open combustion, a correlation
between desired indoor air quality and £®as established, eg. in European ventilation
standards (CEN, 2004). In a second stage, theeimdlel of the perceived air quality on office
work performance (Wargocki et al., 2002), absestaedr learning (Haverinen-Shaughnessy
et al.) was investigated (Seppanen and Fisk, 2@34aplishing a correlation that can be used
to trade-off the benefits of higher ventilationemiand the energy and investment cost related
to it (Wargocki and Djukanovic, 2005). All of thesgperiments, however, relate to an active
environment.

Some exceptions aside, we spend about 1/3 or feuadieep. This amounts to about 70% of
the time we spend at home (Glorieux, 2008). Dutlrig time, we are in a semi-conscious
state and are not engaged in tasks of which thiorpeeince can be measured by output.
Therefore, the performance indicators referredotmva are only valid in a limited part of the
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net user time as far as residential ventilationascerned. Most of the available ventilation

standards for the residential context are moreess prescriptive and not performance based
eg. the Belgian residential ventilation standartN(BL991). These standards are not suitable
for system optimization due to the fact that thiytlie sizing and layout of the systems to an
absolute value, rather than the performance o$ystem.

In this paper, we present the first results frofrela study that was set up in order to acquire
data that relate ventilation rates to the sleepepatof a test subject sleeping under this
condition. This information is crucial for the démement of purposely designed criteria for
residential ventilation.

METHODS

As was mentioned in the introduction, a field studgs set up to analyse the effect of
ventilation rate the sleep pattern of the testesttbj The field study was set up in the student
dorms because all of the rooms in the dorms artizi and therefore the test conditions are
very similar for all of the subjects, while the gedis are still tested in their normal sleeping
environment. This was preferred over lab conditi@isce the move to the lab would
introduce adaptation effects. The dorms are ntditvith a ventilation system. From the
original group of 10 students, 2 were eventualijmelated due to their failure to comply with
the basic test conditions, namely sleeping alorte abstaining from alcohol during the test
period.

The tests were executed over a period of 1 montie. f€st period was divided in 2 sub
periods of 2 weeks, in which the test subjects vesieed to leave the window open at night
during one of the sub periods and to close it dutive other. This way, 2 separate conditions
were measured, one with a high ventilation ratex@aw open) and one with a low ventilation
rate (window closed). Over the course of the whest period, carbon dioxide levels (0O
temperature and relative humidity were measureéaich of the subjects’ dorm room. This
data is used to characterise the sleeping envirohmé the test subjects. The €O
concentration is used as a proxy for the ventitataie.

The sleep pattern of the subjects is monitoredguie actigraphy technique. This technique
was selected because of its easy applicabilityittnand its low impact on the sleep of the

subject compared to poly-somnography, that is tlkstrmommonly used and most accurate
measurement technique for sleep patterns, whilerstidering acceptably accurate results
(Blood et al., 1997). Additionally, the techniquerelatively cheap, allowing to test a larger

group of subjects simultaneously and over a longode The data, in 60 second epochs
collected with the actigraph devices, were analyile the Sadeth algorithm (de Souza et al.,
2003) and are expressed in numerical values bydh&er of awakenings, the average time
awake, sleep onset and sleep efficiency. Sleepigfty is the ratio of the time asleep to the
total time spent in bed, expressed as a percersdeep efficiencies between 80 and 95 % are
considered normal.

Next to the physical measurements, the subjecte &kso asked to complete a number of
guestionnaires in order to collect information abtheir attitude towards sleep and about
their subjective appreciation of the quality of ithesleep during the test period.
For this purpose, a number of questionnaire pregehy (Billiard, 2003) were translate to
Dutch. The ‘Morning Questionnaire’ was completedompawaking every morning to
characterise the appreciation of the sleep ofrilgiit. At the beginning of the test period, the
subjects completed the ‘Sleep Impairment Index’stjoenaire (Blais et al.,, 1997), the



‘Horne and Ostberg’ (Horne and Ostberg, 1976) qomsaire and the ‘Dysfunctional Beliefs
and Attitudes about Sleep’ questionnaire (Morimlet2007) in order to assess their attitudes
towards appreciation of sleep. The ‘Pittsburg Sl€eality Index’ questionnaire (Buysse et
al., 1989) was completed before the start of thasmement, in between the 2 sub periods
and at the end of the test period to assess diffesein the appreciation of sleep quality and
sleep patterns between the 2 test conditions amd_t#teds Sleep Evaluation Questionnaire’
(Parrott and Hindmarch, 1980), designed to asseseffect of medication on sleep over a
longer period, was completed at the end of the raxgat.

RESULTS

In total, data from 168 nights was collected ovex tourse of the experiment. Due to the
uneven spread of holydays and individual schedufiéise test subjects during the test period,
the number of nights in each of the sub-perioddhHersame subject varies from 5 to 17. The
Peak CQ concentration in the high ventilation rate cases Wwatween 3000 and 4500 ppm
above the outdoor concentration (between 0.2 aBd\CQH), while it was between 1000 and
2500 ppm (between 0.4 and 1 ACH) above the outdooncentration for the high ventilation
rate. Note that the concentrations achieved urdethigh’ ventilation rate condition are still
unacceptably high under the criteria from the Esespnon-residential ventilation standard
(CEN, 2004), however, compared to the normal camditn the dorms (closed window),
there is a significant improvement. The room terapee was kept at about 20°C during the
whole course of the test period, in accordance thiéhusual temperature setpoint of the test
subjects.

Figure 1. shows the mean measured sleep efficiehéyof the test subjects in the two test
conditions and the standard deviation of the skf@ipiency of that subject within the same
sub-period. For the two remaining test subjects,attigraphy data are not available for both
sub-periods and can therefore not be compared. iflufisant impact can be reported,
although, with the exception of 1 subject, the gle#iciency increases slightly when the
window is closed. Although even less significahg humber of awakenings and its standard
deviation, as depicted in figure 2, also seemsgnd towards an negative correlation with the
ventilation rate. Nevertheless, whilst the firstresults in better sleep quality for lower
ventilation rates, the latter implies worse sleemliy for that condition. That negative
impact, however, is balanced by the fact that ageeriaime awake after each awakening is
shorter for the low ventilation rate condition (&ig 3).
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Figure 1. Mean sleep efficiency and standard dewiaheasured for 6 test subjects over the 2
sub-periods of the test period.
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Figure 2. Mean number of awakenings and standavdhiittn measured for 6 test subjects
over the 2 sub-periods of the test period.
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Figure 3. Mean duration of awakening and standawation measured for 6 test subjects
over the 2 sub-periods of the test period.

If we then look to the questionnaire results, we #®t, in contrast to what we see in the
actigraphy data, a majority of subjects (6 out dfr@port an increase of the number of
awakenings they recall in the morning with an opendow. For 1 of the 8 subjects, the

guestionnaire data is not available for both suliede and can therefore not be used to
compare both test conditions.

In figure 4 we can see that the test subjects, Witxception, reported deeper sleep in the
situation with an open window. Additionally, 5 oait 7 subjects reported feeling less rested
and less alert upon waking in the morning in thedtion with the window closed.



Three subjects report a significant increase inithensity and amount of dreams in the
condition with the window closed, and all of théoggcts reported an increase in the number
of times they remembered a dream upon waking imitwing.
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Figure 4. Mean lightness of sleep and standardatieni measured for 7 test subjects over the
2 sub-periods of the test period.

DISCUSSION

The data reported in this paper are a first takanatinalysis of the influence of ventilation
rates on the sleep pattern of test subjects slgapider these conditions. They are done on a
small test group and in the normal sleep enviroriraéthe test subjects. Although this choice
is made consciously in order to minimize the impaicthe measurements on the sleeping
environment, it is not perfectly controlled. Noredause of the absence of a mechanical
ventilation system, again chosen because thisisdlse in the majority of European houses,
could the test be performed with a placebo refexgmoup, since the subjects are aware if the
window is opened or not. In order to tackle thesestraints, we are now working at repeating
the tests to enlarge the test group and companmgeisults found in the tests with those from
lab experiments. The latter are done under strimbiytrolled conditions and with full poly-
somnography, but, as mentioned above, have a largerct on the sleeping environment of
the test subjects. In the course of next yeartebis will also be repeated in new dorms where
mechanical exhaust ventilation is available, agaducing the number of confounding
factors. In the results presented here, the coufiogneffects of the opening of the windows
were limited as much as possible and their impas measured whenever possible. To this
end, the participants were asked to report anyoreafor awakening and the test was done in
autumn to minimize the impact of the opening of whedow on the indoor temperature. The
measurement data showed equal indoor temperatutasth sub-periods for all subjects and
the reported awakening due to noise was not diffefer the sub-period with the window
open since the dorms are situated in a rather quite. The subjects reported that sound level
is mainly dominated by indoor noise such as peoplaing and going, cooking, bathroom
use, showering, elevators... The sound levels adsdowith these sources were constant over
both sub-periods.

CONCLUSIONS

In this paper we reported the results from a feldly on the influence of ventilation rates on

the sleep pattern of test subjects sleeping urideset conditions. The study was designed to
monitor the test subjects in their normal sleepémgironment. The results showed that the



impact of ventilation rates on sleep is complex aigerse. Among the most interesting
findings, we see that the test subjects reporettebs rested and experience lighter sleep with
more dreams under low ventilation rates. The meabswsleep efficiency under these
conditions was higher, but the number of awakendhging the night increased slightly, the
latter is in accordance with the reported lighteep.
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