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DISCUSSION

A sensor anay coupled witlr a PR technique was successfully used to mimic the decipol
judgemenls of a human sensory panel. Through correlation analysis, redundant sensors were
identified and removed from the final array, resulting in improved PR performance.

The resulls of this study are very encouraging, but because of the small number ol evaluations
performed on a limitcd variety o[ spaces, thc pattcrns extracted lrom the data ar€ likcly not
applicable Lo all crccupancy conditions, construcúon types, system pedormance levels and
climatic conditions. lf dcvelo¡rcd from a broader data base, a similar sensor array and PR
technique may he able to rcliably predict IAP decipol level.s over a broad range o[ spaces. If
additional information can hc incorporated into thc PR algorithm on irritation potential o[
odorous and non-odorous compound.s, thc array can bc evcn morc useful as a tool for indoor
environmental diagnostics and on-line monitoring.

To make thc rcsults morc mcaningful and mone consistcnt, the following improvcmcnts arc
planncd lor luturc work on thi.s conccpt:

l. increase the numþr of pancl candidaæs
2. improve the training environment hy using a climate chamber
3. improve the training by u.sing a mixturc of compounds rather than acetone alone
4. cvaluate a much largcr samplc of spaccs in diffcrcnt huildings. and in various climatcs
5. incrcasc thc unconclatcd scns<lrs in thc array, and acld scnsors lbr other cnvironmental
parameters, such as noise and lighting, that might impact a panel's judgement
6. input critcria to thc PR tcchnique to address compounds that can have an irritation effect
on rncrcasrnS cxpo.surc

A morc clctailcd study is in progrcss which incoryroralcs most o[ thcrc improvcmont.s.
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ABSTRACT

This paper deals with the relationship between sick building problerns and the fresh air

volume flowrate. Seven junior High School buildings were investigated and two school-

classes at each school, in total 264 pupils, were asked to fill in a comprehensive questionnaire

regarding their own health and the indoor environment at the school. At the same time indoor

climate and technical measurements were conducted. The investigation reveals the magnitude

of hypersensitivity among Norwegian school children. It also demonstrates the magnitude of
indoor climate problems. The measurements and the self-reported questionnaires indicate that

effective ventilation is only a part of the solution to indoor air problems.

INTRODUCTION

The requirements that prduce acceptable indoor climate are considerably difficult to quantify.

It is especially difficult to achieve a consensus as to the amount of fresh air that is necessary.

Since the energy consumed by ventilation systems rises with increasing proPortions of outside

air, it is important from an energy-economic viewpoint that this proportion does not exceed

what is considered acceptable with regard to human health, well being and productivity. In
school buildings it is especially important that the indoor environment is satisfactory on

account of learning ability, progress and academic achievements.

This paper deals with the relationship between sick building problems, ventilating systems and

the outside (fresh) air volume flow rate. At the same time the magnitude of allergic or

hypersensitive pupils is fixed a¡d investigated in order to determine whether they had more

sick building problems than the "healthy" portion of the children. The paper is based on 3

investigations conducted in Trondheim, Norway during the years 1989-91'

I\IETHODS

Scven junior high-school buildings in Trondheirn (Nordic climate) were investigatetl during

the autumn of 1989, (1), (2). At one of the schools the investigation was repeated in the

autumn of 1991, (3). AII the schools, with the exception of one, were built in the years 1970

to 82. The last school, G, was built in 1887 but was completely renovated in 1983-86. Some

rnain data concerning the buildings is shown in table l.
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Table l. Characteristic school building data.

Cl¿ssræm: Standard = I class pr toon l:ndscapc = 3 or nìore classes pr ræm

Two school classes at each school, in total 264 pupils, were asked to fill in a
comPrehensive questionnaire regarding their own health and the indoor environment at
the school. The pupils were in the age of 12 to 1-5 years. The meaning of the different
questions were explained to the pupils beforehand because of their low age. At one of
the schools all 17{l pupils took part in the investigation in order to ensure that there were
no statistical inaccurancies for the schoc,l in which randomly selected pupils (two classes)
were studied.

Indoor climate and technical measurements were conductèd at each school at the same
time as the pupils filled in the qr.restionnaires. The measurements included room air
temperature, relative humidity, respirable suspended particles (RSP), the fresh air
volume flowrate and the supply air volume flowrate.

The self-administered questionnaires incl:uded approximately 55 questions about sex, age,
smoking habits, domestic conditions, school environment and climate, personal health,
health complaints and indoor climate complaints. The pupils were especially asked to
give a statement on whether their symptoms or pr<lblems were related t<¡ the indoor
environment at the school or not.

RESULTS AND DISCUSSION

The questiorrnaire survey revealed that about 40-50 o/o of the pupils claimed to be
hypersensitive (inclucling allergy and hyperactivity). This is a relative high number, but
it is of the same order <¡l magnitude as other investigations done in the Trondheim
region. According to the parents (4), about 39 o/o of 334 children in 10 kindergarten are
hypersensitive. Anrong the 147 employees, 43 o/o claimed to be hypersensitive.
Corresponding nunrbers are found also among teachers in junior high-schools in
Trr¡ndheim. It is there[ore reasr¡nable to assume that <lver 40ok oÍ the pupils are hyper-
sensitive. T'his of c<larse inclucies mild to severe problems.
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Fig. l: Hypersensitivity and the use of medicines to alleviate the problem. 7 schools, A-
G, two classes at each school, totally N = 264 pupils. Ref. all pupils at school C
(N"= 178).

Figure 1 shows the distribution for the investigated schools. It also shows the distributiort
when all pupils at one school (school C) are included instead of only two classes. No
significant differences are found to be present between all and the selection.

In the questionnaire we asked about medicine used in conjunction with hypersensitive
problems. About 20 %o <¡f ¡.he pupils reported that they use medicines regularly to
alleviate their problems. This is quite alarming. Firstly, if so many of the pupils really
need medicines, it indicates a severe health problem. Secondly, if only a few of them
actually need rlrugs, then the doctors are not seriot¡s enough when they prescribe
nledicines. I3oth scenarios are disc¡uietirrg.

The questionnaire survey indicated that the thermal and indoor air quality problems
were of the same kind and of the same order of magnitude as shown in numerous earlier
investigations. This also goes for skin c<lmplaints, such as <Jry skin, rash and itchiness,

eye problems such as itchy and irritated eyes, sore throat and nose complaints including
runny, dry or congested nose. No new information was revealed on that issue.

Horvever, if we look at the mucous membrane irritation symptoms as a group, it is

clearly demonstrated that the hypersensitive part of the pupils have significantly more
problems than the rest of the pupils. This confirms thât general hypersensitivity
represents a signilicant risk factc¡r regardirrg building related mucous membrane
problems.
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Fig 3. Temperature profiles in a school lan<Jscape at school F, Monday 20 and Tuesday

2l of October 1989.

size 3.5 ¡rm and a hand helcl monitor, HAM, for continious measurements of particles

less than 10 pm.

'l-able 2. RSP (¡rg/m3) in class-room with and without wall-to-wall carpets during school

hours and after school hours.
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ln spite o[ the fact that the aerosol concentrations in scho<¡l ltours were well over the

Nrrrrvegian recommendations (90 ti.Slm3), it was not possible to demonstrate a significant

rcllrtipi [ctwccrr lìSl, c<lllcclltrtrtiolr irntl lìrucous t]t(ìlìtl)t'ítnc c()lììl)lltillts. f)tlc t<l lhc lltct

tlrlt tlre lne¿rsurecl IlSl) variati<¡lts werc srììall l)etween tlLrildirrgs, it is llot Possil)le to [)e

conclusive on that matter.

(ìcncrally, tlrerc tiorr betrvccn lhc restllts of the inclor)r clinìllte

¡ìcasurctì'ìc¡ts atì only cxccl)tioll was vetltilati<lrl. l'he uscrs l)lalììed

ina<Jequate ventil reason for their indoor climate problems and this

itg,rccs with our fi air air voltlnle varied hetrveen 1 to tl l/s ' person -

Fig.2: Occurrence of mucous membrane irritations (more than once a week) among
hypersensitive and "healthy" pupils.

With regartl to nervous system complaints. such as latigue, lethargy, headache, irritability,
etc, no significant differences were founcl between the two grouPs of pupils. However,
the level of nervous system complaints varied significantly from one school to another.

Many of the pupils lelt that their problems were caused by, or made worse by, bad

indoor environment at school. The HVAC-plants were therefore examined.

The visual inspection and technical measurenrents revealed that many of the air
conditioning systems did not work as planne<j. Poor ventilation effectiveness and low
liesh air flowrate combined with a high degree of air recirculation was typical rather than
unusual. The general findings were there[ore inacler¡uate ventilation which resulted in
poor ind<-ror air quality (lAO). This was especially true for warm air heating systems.

Regrettably, this is not a new discovery. It is demonstrated a number of times that a

combination of ventilation and heating in most cases are a failure, or at least hazardous,

with regard to IAQ. The prohability for air short-circuiting and poor ventilation
ef'Íectiveness are too large. lìad IIVAC-control anr¡llilies the problems as demonstrated
in figure 3. Before lunch there is a clear tendency for short-circuiting, while after lunch
the temperature clrops significantly. The result is two totally different room air flow
pattcnr rluring thc school-cl:ry.
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In the autumn of 1991 we repeated

Proceedings of Indoor Air '93. Vol. 5

technical out ln
oPeraring

Fig' 4 Mucous membrâne irritations and newous svstem complaints, schoor c, beforeand after ventilation system renovarion.
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MIXED-GAS SENSORS . STRATEGIES IN NON'SPECIFIC

CoNTROL OF IAQ

Wolfgang Bischof and Jürgen Witthauer

Medical University Erfurt, Institute of Hygiene, Erfurt' Germany

ABSTRACT

While outdoors some known pollutants may be present in higher concentrations a wide

specrum of mainly unknown contaminants is typical tbr indoor air. The knowledge about

combined and long term effects of volatile organic compounds and respirable suspended

particles with high adsorptive load on gases and vapors on human health is stiil fragmentary.

But the fust step to healthy indoo¡ air is to minimize ernissions ftom sources as building
materials, interior (furniture, equipments), HVAC systems, and only secondly by demand

conuolled ventilating (DCV) systems. DCV systems have to b€ cont¡olled by sensors. Vy'hiie

classical COr- and humidity-sensors detect above aII human emissions mixed-gas sensors

(MGS) are responsible for a large scale of pollutants. Up to now knowledge about mixed-gas

sensors is very limited. Experimental studies with metal oxide sensors showed problems in
stability, drift and reproducibility. An air mixture (n-Decan, Toluol, 1,1,1-Trichlorethan, s-
Pinen, EthylaceÉt) ',r'as used as standa¡d pollutant. Concentrations were conuolled by
gaschromatography. High influence of humidity and non-systematic diffe¡ences in sensitivity
between the single compounds are the main dilemma for the practical use of MGS. For
constant mix¡ure ratio - the normal case in most of indoor environmen¡s - our experiments
showed a goocl correlation with air quality, but simultaneous compensation of air humdity is

essential.

INTRODUCTION

In 1858 Max von Pettenkofer (1), a German hygienist, dehned the COr-value for good indoor
air quality. The reason for the use of this merabolic output as an index for all the other
emissions of human beings: CO, was easy to measure. We are still using Pettenkofer's
O.lVavalue, bur emissions have changed during the last decades. Field studies on perceived
air quality (2.3) in several buildings of Copenhagen showed, that less than 1/5 of the pollu-
tion load came from occupants and the main emission sources ¿ìre ventilation systems,
building materials and interior. To frnd a new index tbr these non-human emissions Petten-
kofe¡ would be in a dilemma. Pattem of pollutants va¡ied from room to room, from time to
time, depending on temperature, humidity, cleaning procedures, building maintenance, habits,
economv! etc.
Both groups of indoor air pollutanrs may wam man by sensory terms but a stay of some
minutes in ¡he room clecreases this physiological function by adaptation. Longtime pollution
load without sensory feedback mechanisms. as known for thermal and acoustic parameters,
are the consequences. For a few pollutans the pathophysiological way to a Building-Related
Illness is knorvn. while most of the others may lead to effects, usually called Sick Building
Syndrome.'
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