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ABSTRACT
This report summarises the work performed in Switzerland within the frame of the Joule tr
project'Indoor Air Quality Audit'.
Eight office buildings located in three important areas were audited. Minimum commitment
is 6 buildings. The two supplementary buildings are the pilot study, and an additional audit
supported by the owner of the building. The main results obtained in Switzerland are as

follows.

Assessment procedure

The questioruraire is without doubt an important part of the audit. It could however be

shortened and its interpretation simplified. In questionnaires responses on building related

symptoms (BSI), there is not much difference between occupation t1pe. Therefore it is

proposed to make corrections only for sonral effects. Since there is a strong correlation
between BSI's based on short and full symptom lists and on past month and today periods, it
is also proposed to limit the questionnaire to one period (e.g. pa* month) and a short list of
symptoms. Questions on interest in job and on social environment should be added, as wellas
a better description of the location of the respondent.

Measurements of air flow rates ifl air handling units (AHU) were not planned in the
procedure, but performed in most AHU of the audited buildings. These measurements often
showed large discrepancies between measured and planned air flow rates. Is some cases,

unexpected shortcuts between exhaust and pulsed air were detected. Moreover, they provide a

possibility to assess the ventilation performaace for the whole building. It is therefore
proposed to implement these measurements into the audit procedure.

Fresh air flow rates in each room can be estimated by counting the persons in room and

measuring the CO, concentration in room and in air mpply. On the other hand, measurements

with tracer gas seldom proved to be accurate enough to assess the contaminant source

strength with good confidence. It is hence proposed to delete tracer gas measurements from
the procedure and to use instead more CO, concentration rneasurements and more attention on
occupancy.

If CO is to be analysed, analysers with a sensitivity of 10 ppb should be used and outdoor
concentration shall also be measured. In any case, CO is not a good indicator for the

calculation of tobacco smoke pollution load.

Some results from building audits

Ventilation rates in all buildings are high enough to eliminate occupants generated

contamination, but large differences were found in indoor air quality as judged by occupants

or by chemical analysis. The average number of building related symptoms per occupant
(BSI) vary strongly among buildings. AHU were all clean and well maintained.

No clear relation was found between BSI and sensory or chemical indoor air quality,
ventilation rate or energy consumption. BSI's are however significanfly lower when it is

allowed to open the windows.

The best building (according to occupant's health) is also the one with the lowest enerry
index and the lowest air flow rate, hence a high (1000 ppm) CO, concentration. It is partly
naturally ventilated. All the buildings with high BSI's are sealed and air conditioned.
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AIIVIS OF RESEARCH
The main scopes of the European project are:

. Contribution to the European Indoor Air Quality 0AO database of edsting Etropean

office buildings with respect to symptoms/complaints of occupants, perceived indoor air

quality evaluations with a trained panel, pollution sources, ventilation and enerry

conzumption.

. Development of assessmert procedures and guidance on ventilation and source control to

optimise indoor air quality and energy use in office buildings.

. Development of a common agreed Europe-wide method to investigate indoor air quality in
office buildings.

. Comparison of IAQ-related parameters across several European countries.

In addition, the following scopes were followed in Swiuerland:

. Assessment of effective ventilation performance in mechanical ventilation systems

. Information of the building owners on the results concerning their buildings

. Proposals to building owners to improve the performance of their buildings.

v
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Main objectives:

. Development of assessment procedtres and guidance on ventilation and source control
to optimise indoor air quality and energy use in office buildings.

. Development of a common agreed Europe-wide method to investigate indoor air
quahty in office buildings.

Description

The European IAQ audit project consists of five phases.

Phase 1: Planning seminar

A seminar is held for the participants to develop an European IAQ Audit procedure for office

buildings in the form of a manual to execute phase 2, 3 and 4. Ttle seminar is held in Morges
(Switzerland). The seminar is concluded with a manual some months after.

Phase 2: Pilot Study

Ttre participating organisers and/or assisAnts are invited to the selected country (Denmark)

and learn how to exectrte the manual, produced in phase 1, in a pilot-study of one selected

office building. The manual is revised.

Phase 3: Prqraration IAQ Audit project

Each participating country (except Belgium) selects 6 buildings according to the selection

critert presenteA in the revised manual of phase 2. In each country the team which will
perform the auditing is taught with the use of the manual how this should be done.

Phase 4: IAQ Audit Project

The 6 selected buildings are investigated as described in the determined manual.

Detailed studies, for example on source identification, ventilation and energy consrmption,

are specifically done by WCTB (Belgium) and SBI (Denmark).

Phase 5: Final Reporting

In this last phase of the project, all renrlts and findings are strmmarised, and correlations,

comparisons, recommendations and conclusions are given.

Key words: Indoor Air Quality, ventilation, guidelines, sensory evaluations
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1. INTR.ODUCTION

1.1 Objectives
This report presenrc the national contribution of Switzerland to the EC-Audit project, t}tat was

initiated by the Commission of European Communities DG )ilI in the Joule tr programme.

The main objective of the national contribution is to contribute to the European IAQ database

with respect to:
. assess:rnent of symptoms/complaints in edsting European office buildings, according to

a standard questionnaire survey, in relation to perceived indoor ait q,rality evaluations

from a trained panel of assessors who visit each building;
. identification and quantification (chemical and sensory) of pollution sources in existing

European office buildings;
. assessrnent of pollution load caused by the building itself in different parts of Europe;

. assessment of ventilation rates and evaluation of ventilation performance in existing

European office buildings;
. assessrnent of energy consurnption in existing European office buildings.

Furtlrer objectives on national, but specifically on international level are:

. Development of assessmert procedures and guidance on ventilation and source control

to optimise indoor air quality and energy use in office buildings. The challenge of the

near future is simultaneously to aim at a low enerry consumption and a comfortable and

healthy environment. The guidance will be available to committees responsible for
CEN-standards and other European guidelines.

. Development of a common agreed Europe-wide method to investigate indoor air quality
in office buildings.

. Comparison of IAQ-related parameters across several European countries.

In addition, the following scopes were followed in Switzerland:

. Assessment of effective ventilation performance in mechanical ventilation systems

. Information of the building owners on the results concerning thet buildings

. Proposals to building owners to improve the performance of their buildings.

This report represents the national contribution of Switzerland to the EC-Audit project.

1.2 Method
The European IAQ audit project consists of five phases. In a first step, the Audit methods and

planning, to be followed by each participating institution, wN established. A pilot study,

which was performed in Denmark, allowed the panicipants to test and improve the audit

methods. Then, a multi disciplinary audit team, comprising specialists of measurement

techniques and a panel evaluating the perceived air qual$ was pnepared and trained. The

audits were performed in at least six buildings of each of 9 participating counties. Finally the

results were inte{preted and reported.

The audit concerns the building itself and its technical equipment, in partiorlar its ventilation
system, the opinion of the occupants on the comfort and health condition, the thermal

comfort, the lighting and noise level in some office rooms. The indoor air quality was

examined as well for its olfactive or sensory aspect as for its chemical composition. All tttis
audit was performed in less than a day, in order to obtain synchronous information all
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concerning the same working conditions, without perturbing too much the work in the visited
firm. In particular the following observations were performed:

ar General oveniew of the building and its equipment. Important characteristics of each

building were assessed during a technical strrvey using a check list. A Part of these data

are obtained during a preliminary visit. Important data are, for example, the yearly

eflergy consrmption (oil, electriciff, 96, district heat, etc.) or the date of the last

maintenance of the ventilation system.

fl Questionnaire to officers. A questioruraire was distributed to about 150 officers, at a
given time, and collected back some time later. This anonymous questionnaire contains

questions on the well-being of the employees, on possible physiological symptoms they

experience now and during the last month, and on some characteristics of theirworking
places. This questioruraire should be filled up in less than 15 minutes. Filled
questionnnaires were interpreted in a confidential way and only statistical resrlts are

isstred.

E Working conditions in some office rooms. Some office rooms, or only one large open

office, are selected during the preliminary visit for more measure.ments, which are

described below. These office rooms should be representative of the rooms occupied by
the employees answering the questionnaire, and should not preseflt major measurement

difficulties.

@ Thermal comfort: Air and radiant temperatures are measured, as well as air
moisture and air speed at some working places. These data will be compared to the

opinion on comfort conditions the employees may have.

E llluminance and noise level : simple measurements at working places will be

performed. Illuminance will be measured at table level from tlre window to the

opposite wall.

@ Sensory assessment of air quality: A trained panel of 10 to 72 "noses" judge the

concentration of bad odours in the air and express it directly in Pol. This unit
corresponds to the odotrr load of one average person diluted in an air flow of one

litre per second. During this measurement, the panel should be allowed to refresh by
intraling outdoor air either by going out, or in a neighbouring room with open

windows.
g Chemicat analysis: Concentrations in carbon dioxide (normally generatd by

occupants), in carbon monoxide (coming from tobacco smoke, incomplete

combustion in appliances or traffic) and volatile organic compounds (paint or glue

solvents) are measud at some points. Dust concentation will be also assessed. The

scope of these measurements is to check a possible relation between the well being

of the occupaflts and the absence of zuch chemicals.

F, Ventilation measurements: In order to obtain the contaminant source strength form

the contaminant concentration, it is necessary to determine the rate at which fresh air

is introduced in each room. These air flow rates are measued either with air flow
meters or with harmless and odourless tracer gases at very low concentrations.

Data harvested dgring these srrvey were recorded in standard files, and inteqpreted according

to commonly ageed procedures, described in the manual.

The measgring team included the persors listd in Table 1. The responsibilities of these

institutions are listed in Table 2.

2
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Table /.',Swiss measuring team. The sewoty panel is not listed

Name Institution Location

CrettonPascal LESO-PB: Laboratoire dEnergie Lausanne

Foradini Flavio Solaire et de Physique du Bitiment
Loesch Pierre EPFL: Ecole Polytechnique F6d6rale,

Rodriguez Ios6 Antonio Lausanne

Roulet Claude-Alain
Bernhard Claude-A. ILJRST, Institut Universitaire Romand Lausanne

Chanidre Nicole de Sant6 au Travail
Carlucci Lucio IHAP, Institut fiir Hygiene und Znich
Eser Prisca Arbeitsphysiologie, ETH-Zentrum
Meier Sybille
Samimi Nanda
Scholz Elisabeth
B6ck Oskar Sulzer Infra Winterthur

Riiedi Arno E. Periso SA Isone

Meier S. Stiifa Control AG Stefa

Knutti Rudolf Arbeitsiirtzlicher Dienst der BIGA Zuich
Piller Georses Office F6d6ral de la Sant6 Publique Fribourg

Table 2: Responsibilities of the various Suss institutions

Institution Responsibility
LESO Contractor, coordinatioq official contacts

Collection of dat4 development of database

Questionnaire interpretation and French translation
Panel training and performing in buildings A F, G, and H
Ventilation measurements in rooms and air handling units
Check list, noise and light measurements

Measurements related to thermal comfort
Radon samplers installation and collection.

IURST Questionnaire distribution and collection
Dust and VOC samoline and intemretation

IHAP Continuous measurements of temperature, air moisfure, air velocity,
dust, CO and COz

Questionnaire distribution and collectiorq and German translation
Panel trainine and performing in buildings A B, C, D, and E

BIGA VOC analvsis for all buildines in Europe within this proiect

OFSP Radon samples analvsis

Pp.Rrso Ion concentration measurements

SrAra Corqrnot, IAO multieas sensor- temDerafure and air moisture monitoring

3
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2. SELECTED BUILDINGS
In February 1993,9 letters were sent to selected institutions owning office buildings either in
the Ztarich area (the most populated one) or in the south-west part of Switzerland, which has

another climate and another way of life. The audited buildings should represent, as well as

possible, the office building stock in each courtry. They are in any case not selected because

they have problems. The selection criteria for this operation were the following:

The Swiss government itself owns about 10'000 buildings (L%o of the Swiss building stock).

Since this survey is paid by the government, it could be interested to participate. The building
A was proposed by the Swiss Building Management Office, since an irnportart retrofit was

planed in a near future. This building, located in Bern, was chosen for the pilot study.

A few insurance companies were also asked to provide a b,trilding. One replied quickly and

was already known for being investigated by IHAP-ETHZ and its main building was fotrnd

interesting for this study. This is building B.

The sunrey was also offered to a few banking companies. Only one replied and proposed its

new central office building, building C.

A new building with an interesting ventilation system was proposed by its ventilation

engineer. The direction was asked for permission and proposed its two buildings: the new one
(D) and an older one (D. These b'uildings are located in the comtry.

A large food industry was asked to accept a survey in one of its main buildings. It was found

that this building should be soon refurbished. The building manager was; so interested by this

survey, that he asked if it were possible to make a survey, at own elpenses, in the second,

morerecentbuilding. These are buildings F and G.

Finally, the town authority of Lausanne accepted a survey in its main office building, i.e.

building H.

There were enough buildings, hence it was good luck that other insurance and banking

companies did not reply to our letters. All these buildings were visited for a first time in
aott -n L993, to fill in the b'trilding check lists and to verify if these buildings satisfy the

survey criteria. The criterion found most difficult to satisfy was a convenient refreshing room

for the trained panel. Buildings A, D, F and G provided srch a room with open window.

Buildings B, C and E are huge buildings, without openable windows. We have however

fognd, in these cases, an emergency exit or a staircase window and used it to refresh the

panet. Building H was the only building where the distance between the refreshing place (in

iront of the main entrance) and the measurd locations was too large. The building seeming

nevertlreless very interesting from many points of view, it was decided to audit it anyway.

None of these buildings was known as sick. Damp E)ots, mould growth and mould odour

were detected nowhere. Non smokers have a strong influence in Switzerland. Even where

there are no general smoking ban in buildings, the opinion of one Person is enough to ban

smoking in a room. For this reasofl, we have noted that it is allowed to snroke in separate

roorns for all the buildings.

Descriptionr of the buildings follows, and a summary will be fomd n 2.3. More information

can be found in appendices.

4
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2.L Building A

2.1.1 Description

Building

This building, investigated first as our pilot study on December 9,1994, is an office
tower located downtown Bern. It has 11 office levels above ground level and alarge
ground level and underground area mainly occupied by shops, parking and storage

lots.

Building year: L972

Size: 14 floors (2 below ground), total floor arc.a:7'400 m2

Orientation: square plan N-S and E-W (see Figure 1)

Situation: Downtown

HVAC Systems

Water radiator heating

One air handling unit for ventilation only, (heating, humidification and cooling
installed but disconnected) with recirculation.

Design fresh air strpply: 47 Ys person or 34'800 m3/h

AA supplied and entracted in the ceiling: supply near the facades, extract by the centre

of building.

Figure 1: BuiWing A: plan of measuredfloon Numbers are measurement locations. Special
measurements were performed at location 4.

5
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2.L.2 Population

The office part of the building is completely occupied by the same govemment agency. The

?10 ernployes are mainly professionals involved in planning, btrilding, and maintenance of
buildings (architects, engineers). They are very often out of office. Out of these, 78 filled up

the questionnaire.

2.1.3 Offices

The investigated office is located at the L0th floor. Its plan, shows alatge open office located

all around the building with service rooms, elevators and staircase in the centne of the North

facade (Figrre 1). Thir office contains 18 employees. The other floors, where other

questioned persons are working, are identical to this floor.
Wall material inside insulation metal
Wall covering
Floor covering
Ceiling material
Lightiag
\lDU/workplace
Laserprinters in room
Eloor area/workplace
Volume/workplace
Eleece factor
Shelf factor

2.1.4 Peculiarities

The building is in poor condition and consumes much heating energy. The ourner intends to

refurbish it completely in a near future. Smoking is allowed in separate r@rns. Windows can

be open b,r.rt are generally not.

2.2 Building B

2.2.1 Decription
Building

firis building is the main office of an insurance company. Is located downtown in a

quiet area of Zrrrictr. The office area are very large, oPen, and stnrcturd with fleecy

mobilewalls.

Building year: 1980

Size: 6 floors, total floor uea:2L'300 m2

Orientation: Not very important, since most occupanB are far from windows (see

Figrre 2)

Situation: Downtown, quiet area.

HVAC Systems

Full air conditioning by 5 dual duct air handling units, with recirctrlation and glycol

heat exchangers.

Sp.ay humidification sterilised with ultraviolet radiation

Filters Eu3 and Eu8, clean installation

Design fresh air supply: 22Us Pe6on or 60'000 m3lh.

Measured fresh air flow rate Z}*2Vspersofl or 54000 m3/h.

dispersion paint
felt carpet
acoustic tiles
ceiling fluorescent tubes and daylighting
231t8
6

22m2
55 m3

0,4/.m21m3
0,025 mlm'

6
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Air is supplied and e>rtracted in the ceiling, gnds are evenly distributed. There is an

obvious shoncut between supply and ortract in the rooms, mainly in winter because

the supply air supplied is heated.

Figure 2: Building B: plan of measuredfloon Numberc are measurement locatiotx. The

Iwtched mne is the S-E oflice, equtpped with ionizerc in the ventilation systern- Special

measurements were performed at locations 2 and4-

2.2.2 Population

The 750 employees are mainly clerical.

2.2.3 Offices

The investigated office is located at the third floor. Its plan shows two very large open

offices, ons at the S-E side, and the other having facades to all other orientations. Service

rooms, elevators and staircases are in a in a centre row oriented SE to NW (Figure 2). These

offices contains 7L arrd 207 working places respectively. The other floors, where other

questioned persons are working, are similarto this floor.
Wall material inside insulation
Wall covering
Floor covering
Ceiling material
Lighting
VDU/workplace
Laserp,rinters in room
Floor arey'workplace
Volume/workplace
Fleece factor
Shelf factor

polymer
Textile
felt carpet
acoustic tiles
ceiliflg fluorescent tubes

308W8
67
76,0 mz
48 m3

0,4Lm21ff
0,18 m/m3

7
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2.2.4 Peculiarities

Smoking is allowed but not recommended in office space. Windows are closed, but could be

opened for cleaning. They are not opened by occupants, since the buildings is completely

closed. Special to this building is the large average distance from occupants to the windows,

and the large fleece and shelf factors. There are also many large green planB, and ocanpan8

like tlrem.

A large amount of relatively high separations combined with suspended $pply air elements

forming a40 snhigh frame under the ceiling hinder air movement and light propagation.

2.3 Building C

2.3.1 Description

Building
Ttris building is the main office of a bank. Is located in the strburbs of Zurich, in a

relatively flat land topography, between a railway station and a highway. It is recent

and has an atrium in its centre.

Building year: 1990

Size: 5 fl@rs, total floor area: 38'000 m2

Orientation: North and South-oriented offices with a central atrium (see Figure 3)

Situation: Downtown

Figure 3: Buildlng C: ptan of measuredfloor. Numben are meemurement locations. Special

rneastrernents wereperfomed at location 5 . Dotted zones arefull height volumes in the

atrium

IIVAC Systems

Full air conditioning by 4 ar handling units, without planned recircrrlation, btrt

rotating wheel heat o<changer seem to introduce some recirctrlation..

Spray humidification purified with biocides

Filters Eu6, clean installation

Design fresh air supply: 31 Vs person or 135'000 m3fl

Measured fresh air flow rate LZ+2Vsperson or 52'000 m3/h.

Air is supplied and extracted in ttre ceiling: supPly distributed evenly in the ceiling

er<tract close to the centre of building.

8

o5oooooooo
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2.3.2 Population

Tlre 1200 employees are mainly banking clerical.

2.3.3 Offices

The plan shows two large open offices, one North oniented and the other looking towards

South. The investigated office is located at the 4th floor, South. The centre of the building is
occupied by a 5Jevel high atrium, containing staircases and cafeterias. North of this atrium

are service rooms, elevators and toilets. The other floors, where other questioned Persons are

working, are identical to this floor.
Wall material inside insulation concrete
Wall covering diqPersion Paint
Floor covering felt caqPet

Ceiling material acoustic tiles
Ughting ceilingfluorescenttubes anddaylighting
rDU/workplace 7L2199

Laser printers in room 3

Floor arey'workplace 16,8 m2

Volume/workplace 47 m3

Fleece factor 0,36m21m3

Shelf factor 0,018 mlm'

2.3.4 Peculiarities

Smoking is allowed in office space only after 16:00. It is allowed to smoke in the atrium,

which is comected to office space through untight closed doors. Windows are closed, but
could be open for cleaning. They are not opened by occupants, since the buildings is
completely closed, with high safety control at ertrance.

2.4 Building D

2.4.1 Description

Building
Buildings D and E contain the European main office of a chemical company. They are

located in the country, in a hilly area, not farfrom a lake. Building D is recent and has

an open court with a garden in its centre.

Building year: 1991

Size: 5 floors, total floor area: 12'000 m2

Orientation: Offices are oriented East orWest. (see Figure 4)

Situation: In the country, not farfrom a small town, in the vicinity of a lake.

IIVAC Systems

Rooms are heated by radiators and cooled by cold water circulation in ceiling
structure.

Outer offices are naturally ventilated by window openings, while conference rooms

and inner offices are mechanically ventilated by 2 atr handling units, without
recirculation, bt equipped with a rotating wheel heat recovery.

Mechanical ventilation with ultrasonic humidification purified with osmotic system

Filters Eu3 and Eu7, clean installation. One system equipped with active charcoal

filters.

Desrgr fresh air supply: 11 Us person or 8800 m3[t.
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Measured fresh air flow rate 1l+2Us person or 8500 m3lh.

Air supplied in each mechanically ventilated office under the ceiling and extracted on

top of walls close to corridor. Temperature of pulsed air is adjusted in such a way that
a pretty good ventilation efficiency is obtained.

Figure 4: Buitding D: plan of building. The Sfloorc are very similar. Measured zones are in

grey. Special measurements were Performed at locatiors 2 and 4-

2.4.2 Population

40Vo of the223 employees do managerial work, while 26Vo arc specialisrc atdZ3Vo clerical.

2.4.3 Offices

The investi gated office rooms are located at the second floor. The building plan shows the

East and West wingS connected by two corridors closing the central open court (Figure 4. e'
total of 7 employees are working in these 5 rooms. The first three rooms are nattrrally

ventilated, while the two other, looking to the central court, are corurected to the mechanical

ventilation $ystem. Windows in these rooms can nevertlreless be qlen, and were so. The other

floors, where other questioned persons are working, are identical to this floor.

Wall material inside insulation
Wall covering
Floor covering
Ceiling material
Lightine
VDU/workplace
Laserprinters in room
Eloor arealworkplace
Volume/wor:kplace
Fleece factor
Shelf factor

2.4.4 Pesliarities
Smoking is allowed in office space. Windows can be oPen. This b,trilding is characterised by a

,"ry 
"rof.,l 

planning, aiming at a good comfort. In particular, the ventilation engineer really

intended to ventilate efficiently with a minimum energy consumption.

plasterboard
dispersion paint
nap carpet
concrete
ceiling fluorescent tubes and daylight
9t7
none
12,7 m2

36,9 m3

0,39 m2lm3

0,15 m/m3

rHl trI-Trn ffifl,,,.{,
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2.5 Building E

2.5.1 Description

Building
Buildings D and E contain the European main office of a chemical company. They are

located in the country, in a hilly area, not far from a lake. Building E is relatively old.

Building year:1974

Size: 7 floors, total floor uea: 9070 m2

Orientation: square plan (see Figure 5)

Situation: West of building D, in the country, not far from a small town, in the

vicinity of a lake.

Figure 5: Building E: plan of measuredfloon Numben are measuretnent locatiottsSpecial

measurements were performed at location 4. Dotted zone is double height volume over the

entrance hall

I{VAC Systems

Full air conditioning by 3 air handling units, with recirculaiot (22Vo measred).

Steam humidification.

Filters Eu3 and Eu7, clean installation

Designfresh air srpply: tmknown.

Measured fresh air flow rate 50t5 Vs person or 36'000 m3/h.

Air supplied at windowsill through induction units. Air is entracted in the ceiling.

2.5.2 Population

The 200 employees do mainly managerial (33Vo) and clerical QaVd work. The remaining are

specialists.

a

F

E
l-Tl ,

6

I 3 4 5
5m

11
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2.5.3 Offices

The investigated office rooms are located at first floor, on the West facade (Figrre 5). 8
employees were occupying tlese rooms. Office rooms are located all around the floor, while
service and conference rooms are in the centre.

Wall material inside insulation none (ortnrded polyst5nene insulation visible
through the induction units gnds)

Wall covering dispersion paint
Floorcovering nap carpet
Ceiling material acoustic tiles
Ughting ceiling fluorescent tubes and daylighting
\lDUlwork place 8/8
Laserprinters in room 1, in hall (location 7) where two womer were

working
Floor arey'workplace 9,1m2
Volume/workplace 23,7 rfr
Fleece factor 0,45 m2lm3

Shelf factor 0,095 m/m'

2.5.4 Peculiarities

Smoking is allowed in office qpace, but there are few smokers (less than 20Vo\. Windows

cannot be open. The ventilation system has a complex recirctrlation network, allowing a

recirsulation rate smaller in office rooms than in centre part.

2.6 Building F

2.6.1 Description

Building

Buildings F and G host the world centre of a food company. F was built first and is

the oldest investigated building in Switzerland.

Building year: 1958

Size: 6 fl@rs, total floor area: 35'000 m2

Orientation: three wings direction North, south-east and south-west (see Frg)

Sitgation: At the limit of a town, but directly facing a lake located south-west of the

building.

I{VAC Systems

Conditioned air is pulsed by 3 urits into the office toolns, through inlet gridslocated in
windowsills. Exhaust airleaves the room to the corridor (through open door or ad-hoc

grid when door is closed) and is finally extracted out of the building by a fan located

at top of the central helical staircase. A part (757o plamed,50Vo measured) of this air
is recirculated.

Spray humidifrcation without pr.rification.

Filters Eul and Eu4, clean installation

Design fresh air supply: Z6Us person on 75'000 m3/h.

Measred fresh air flow rate 30+3 Vs person or 85'000 m3/h.

2.6.2 Population

Tlre 800 employees are mostly specialist (45Vo) and clerical (30V0).

12
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Figure 6: Buildings F (lej[ and G (at right). Grey zones are maosurerfl.ent locations.

2.6.3 Offices

The investigated office rooms are located at the third floor (Figure 7). Tlrese office rooms

host 14 employees, and all are oriented to West. The other floors, where other questioned

persons are working, are identical to this floor.
Wall material inside insulation
Wall covering
Floor covering
Ceiling material
Ughting

VDU/workplace
Laser printers in room

Floor arey'workplace
Volurne/workplace
Fleece factor
Shelf factor

2.6.4 Peculiarities

Smoking is allowed, but only 20Vo of questioned person are srnokers. Windows can be

opened, bnrt this is not recommended, and only lWo of questioned Person open the windows.
Tlre building is now being refurbished. Air cooling is provided by lake water.

glass (no insulation, triple pane)

enamel paint
felt carpet
acoustic tiles
ceiling fluorescent tubes, daylighting, and
individual incandescent lamps
L2lt4
I or 2 in each room + 1 photocopier in two
rooms
12,5 m2

36,4m3
0,34 m2lm3

0,07 mlms

W
lOm

13



EURoPEANAI,DITKOJECT

Figure 7: Plarc of thirdfloor of North wing, with measured offrce rooms (1 to 5). Specbl
me(Eurements wereperformed at location 3.

2.7 Building G

2.7.1 Dscription
Building

Buildings F and G host the world centre
extension.

Building yar: t976
Size: 9 floors, total floor arca:42'000m2

Orientation: North-South (see Fig)

of a food company. G is a more recent

Situation: Downtown, but directlyfacing a lake located South-west of the btrilding.

I{VAC Systems

Air conditioned by 4 atr handling units, without recirculation, with glycol heat

exchanger. Air supplied at windowsill through induction coil units, and ortracted at

the ceiling, close to the corridor.

Spray humidification sterilised with ultra-violet lamps

Filters Eu3 and Eu7, clean installation

Designfresh airsupply: 35 Vs person or 100'000 m3[t-

Measured fresh air flow rate 23+2Usperson or 66'000 m3lh.

-

l0m

Figure 8: Building G: plan of south wW of measuredtloor. Numben are measuretnent

locations.. Special measurements were perfotmed at location 2-

t4
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2.7.2 Population

Ttre 800 employees are mostly clerks @9Vd) and specialists (3170).

2.7.3 Offices

The investigated office rooms are located at the fifth flooa on West side of the south wing
(Figure 8\. 12 employees were working in these rooms. The other floors, where other

questioned persons are workinE, are identical to this floor.
Wall material inside insulation metal
Wall covering
Eloor covering
Ceiling material
Lighting

rDU/work place
l,aser printers in room
Floor arey'workplace
Volume/workplace
Fleece factor
Shelf fac'tor

2.7.4 Peculiarities

Smoking is allowed, but only 20Vo of questioned person are smokers. Windows can be

operred, and 62%o of questioned person do it. Cooling is provided by lake water.

2.8 Building H

2.8.1 Description

Building
This building hosts a town administration and sendces. Is located downtown, in a
busy and hilly area. It is sealed and fully air-conditioned.

Building year:1973

Size: 8 floors, total floor area: 11'300 m2

Orientation: E-W building (see Figure 9)

Situation: Downtown, with buqy roads along N, W and S facades.

Figure 9: Buitding H: plan of measuredfloon Grey zone is the central zone, ventilated with
partu recirculated ain

enamel paint
felt carpet
acoustic tiles
daylighting, ceiling fluorescent tubes and
individual incandescent lamps.
L0112
one laser printer in each but one room
10,3
28 rrf
0,42mzlm3
0, 18 m/m3

15
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HVAC Systems

Futl airconditioninSby 2 air handling units, with recirculation in the central ?,r:rlre.

In offices, air is supplied by induction coil tmits at windowsills, and extracted at the
ceiling. In central zone, air is supplied and enhacted at the ceiling.

Spray humidification without purification.

Filters Eu1 and Eu7, clean installation

Design fresh air supply: 67 Us person or 58'000 m3/h.

Measred fresh air flow rate $Us person or 38'000 m3[r.

Air srpplied and qrtracted in the ceiling: supply distibuted, qdract by the centre of
building.

2.8.2 Population

Tlre building is occupied mostly by clerical personal QUo).

2.8.3 Offices

The investigated office is located at the west part of the first floor (Figrre 10). This half open

office contains 13 employees. Doors between office rooms are all open, but the measured

zone was closed.

The otherfloors, where other questioned persons are working, are similar to this floor.

Figure 10: Building H: plan of measuredzone (grey). Nunben are meoswement locatiotts.

Special measurements were performed at location 3.

Wall material inside insulation metal
Wall covering
Floorcovering
Ceiling material
Lighting
\IDUlwork place
Laserprinters in room
Floor area/workplace
Volume/workplace
Fleece factor
Shelf fador

2.8.4 Peculiarities

Smoking is allowed in office space. Gold-mirror windows are sealed, and there is no solar

protection. This office building was planned as open office, b'rrt later mobile walls (from floor
to ceiling) were installed to arrange closed office rooms.

enamel paint
felt carpet
acoustic tiles
ceiling fluorescent tubes and daylighting
73113
2 in measured zone
27 mz

73 m3

0,37 mzlm3
0,05 m/m3

16
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2.9 Summary of building characteristics

Table 3: Building claracteristics

Common to all buildings are:

. Smoking allowed in some locations in the buildings, eveqywhere with some restrictions.

. Roadtraffic and parking lots in the vicinity

. Heavy constnrction (concrete decks) with curtainfacades.

. False ceilings everywhere excePtbuilding D

. Nap orfelt carpet ever5rwhere.

ABCDEFG
of investieation 9.d6c 25ian 26.iat l.fev 2.fev 26.iart 26ian L.

year 7972 1980 1990 1991 L974 1958 1976 1

offloors14655769
floor area [m2] 7'406 2L'275 3$440 12'000 9'067 34980 42'00011'309

ber of office rooms 60 19 10 320 205 1'500 680

Numberof occuPants

I-ocated downtown

Countryside

Open office

24:O ?50 1'200 223 200 800 800

l/r'./lr'

Table 4: Clwracteristics of the ventilation systems in the investigated buildings-

* e Urge part of b,trilding D is naturally ventilated by opening tlre windows.

G HE FcA

./

1/
3

./

./

r'
2
t/

(
./

Q/

3

./

r'
r'
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3. PROCEDT]RE AND METHODS
Only techniques or methods not described in the Audit Manual are described below.

3.L Sensory evaluation
TVo panels were selected and trained in Switzerland. Since the buildings are located as well
in ttre North as in the South West of the country, it appeared cheaper to train two panels than
one. The training cost is largely compensated by the cost of travel and travelling time. On the
other hand, both LESO and IHAP were interested in gaining experience for training and using
zuch a panel.

3.1.1 I-ausanne panel

3.1.1.1 Selection

The candidates for the olfactive panel were recruited by an advertisement in the internal
journal of tlre EPFL, published twice. In this advertisement, calling for "noses", it was asked

to be interested to the research program whichwas very shortly described.

It is often not allowed to srnoke in office buildings, and smoke could perturbate non smoking
members of the panel. Therefore, smokers should refrain from smoking most of the time and

may therefore be themselves pertubed, hence only non smokers were allowedto apply.

Sixty persons registered after publication of the advertisements. They were all invited to
come for selection in November 93 by groups of 6 each. 46 atterLdd the selection. These

were all students, aged from 19 to 30, 16 female and 30 male.

The training was performed at different times with different methods and cones on the olf
bar. We began with Teflon cones manufactured at our laboratory (we had 10 cones), for 5

days training before the pilot audit (building A). In this building, we tested both panels, and it
appeared that the Lausarure panel had a bigger stafldard deviation than the Zwich ollte.

By the end of Jarruary, ('mieux vaut tard que jamais') we received the glass cones from the

Nethedands. We did a test and two more training days before auditing two more buildings (F

and G), and finally two more training days before the last b'trilding (H).

The training was first performed with 2-propanone ("pro analysi' gade) and then with
different materials. The training with 2-propanone was straighforward and the panel had

good results. With different materials they began to smell and give their opinions. At this

moment, big standard deviation was observed. Then we disctssed and came to a similar
opinion for the whole panel (t f aecipot). After this, we used these different materials as

calibration, since the people began to like 2-propanone.

We have experienced strong variations of the sensibility of the panel members from one day

to another. All panel member selected were aged between 20 andZT yeas.

18



Table 6: Exam results with I bottles. Fitst on 19-1.94,

training days (the diference between decipol and ranking

ever! bottle and we did the sum of all the ranking).

Nerroxar, Rrpott or Swrranr-exo

then on 15.2.94, arter two more

is because we use the ranking from

Table 5: Characteristics of the Lausanne panel afier selection withtive 2'propanone bottles

Person Sex
IIVI/F'

Smoker
x/ln

Iotal differenc,
ldeciooll

Rank.
Bottlel

Rank.
Bottle I

Rank.
Bottle

Rank.
Bottle z

Rank.
Bottle !

Tot.
rank

Find
rankins

Schaller
Spiridon
Serber
Vlelchior
De Luca
Leuppi
\darti
Schwartz
Eschmann
Berney
[Ienderson
Saint-Ghislain
Dewarrat
Lechene

M
F
M
M
M
F
M
F
M
M
F
M
M
M

N
N
N
N
N
N
N
N
N
N
N
N
N
N

4.5
5

5.5
5

6

ll
6
7
7

6.5
5

9
6

7.5

I
I
I
I
I
I
1

I
I
I

25
1

25
I

I
l6
2
l6
2
2
l6
2
2
l6
l6
2
2
t6

9
I
4
9
9

43
I
9
9
32
I
9
9

20

23
l3
9
6
13

I
t3
30
13

4
I
l3
l3
9

6
l1
26
ll
2t
I

2t
ll
32
6
2t
39
2l
26

40
42
42
43
46
48
52
53
57
59
64
64
70
72

I
2
2
4
5

6

7
8

9
l0
ll
11

l3
14

Nr Correct vote Ma,ximum 2badvotes Unacceptable votes Passed

19.t.94 L5.2.94 19.t.94 t5.2.94 t9.1.94 15.2.94 t9.r.94 15.2.94

Schaller
Spiridon
Serber
Melchior
De Luca
Leuppi
\rlarti
Schwartz
Eschmann
Berney
[Ienderson
Saint-Ghislain
Dewarrat
Lechene

5

6
6
5

7
5

6
7
4
0
0
7
7
4

6
6
6
5
7
7
6
7
7
7
7
7
8
6

2
I
2
2
I
I
I
1

3

0

0
0
0
3

2
1

2
2
1

1

2
1

1

I
1

0
0
2

1

1

0
I
0
2
1

0
I
0
0
I
I
I

0
1

0
1

0

0
0
0
0
0
0
1

0
0

Table 7: Samples used other tlan 2-propanone-

l.: newspaper
2: fresh ciearettes

3: old cigarettes
(3 hours)

4: plastic sheets

5: after shave
6: carpet 1

7: camet2

Table 8: Results on sources other than 2-propanone, before discttssion

Sample 1 2 3 4 5 6 7

Meanvote [decipot]
Standad deviation

4
3

t2
4

22
7

5
2

25
6

1

1

7
2

L9
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3.1.1.2 TYaining room:

The training room is a cabin prepared in an experimental hall for ventilation testing purposes,

and primarily not planned for olfactive tests. Its building materials are:

. chipboard for floor and ceiling

. plastic (PVC) bricks covered with polyethylene foils for walls.

Floor and ceiling are made of two chipboard layers, with a 6 cm air gap in-between. The

inner surfaces have many 6 mm diameter holes through which the ventilation air is blown or

taken away. The air is btown trough the floor and taken away from the ceiling, at a tate of

430 m3/h. th*, the room gets a piston ventilation with a vertical average sPeed of 11 cmls.

During training, the acetone concentration was always measured below 5 pptn in roomt

Mor@ver, the result for the room, tested by the 46 untrained candidates, was l1%o

dissatisfied, corresponding to 1 decipol. Despite the fact that parts of the roonl were made of

chipboard, the rooh .o*lli"r with the conditions Sven in the Audit Manual. The probable

reasons are that the constnrction is at least 4 years old, that it was overheated and ventilated

J*i'g a month before use, and that the chipboard plates smell mainly a pine odour, which is

accepted by most Swiss PeoPle.

Figure 11: Sketch of the test roomusedfor training the panel

3.1.2 Ziirich panel

3.1.2.1 Selection:

15 people have been selected out of a total of 35. The panel has been selested with only 6

Uotttesi*re material from the Netherlands arrived late). All the members are non-smokers and

between 22 arrd 30 years old.

3.1.2.2 Tloining and Test:

The training was performed as indicated in the manual. After the first test (individuat test )

some more-training followed. A second test has not been made, however, at this point we

could not afford to substitgte the panel. We put the time and money in training it-

Only l}out of the 15 people where used for one field assessment.

3.1.2.3 Calibration:

The calibration in the morning of the auditing day was done on 2-propanone concentrations

prepared the night before. We trieO to keep everyttriry constant, btrt the data from this

calibration is not necessarily exact and useful. The panel was indeed alone in the calib'ration

toom, and the concentration in the bottleswere not calibrated inthe morning.

3,5
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Table 11: Exam results on 19.1.94. Individual Test with 7 concentratiotts

3.1.3 Field measurements

After morning retraining, the appropriate panel was transported in the building. The locations
to be measur€d were slrown to the whole panel. Then the panel was driven to the refremelrt
place, and each member tested each location one after the other, only once.

Table 10: Selection test and error scoring: 22. Nov. 93

Votes Deviation
Bottle

Correct:

A
6.5

B

8

c
2.5

D

4.5

E

20

F

ll
A B c D E F Err.

Sum

Rank

Bachmann 5 l0 2 5 20 t0 1.5 2 0.5 0.5 0 I 5.5 2

B6sch.S. 4 7 J 5 l8 t2 2.5 I 0.5 0.5 2 I 7.5 5

Bosshard G. 3 8 2 5 20 t5 3.5 0 0.5 0.5 0 4 8.5 8

Brauss S. 4 l0 2 5 20 17 2.5 2 0.5 0.5 0 6 u.5 1l

DoulalosL. 8 6 3 5 17 It 1.5 2 0.5 0.5 3 0 7.5 6

Faist.M. 8 t2 2 5 l6 l0 1.5 4 0.5 0.5 4 I 11.5 t2

MathvsP. I 6 3 5 l8 l5 1.5 2 0.5 0.5 2 4 10.5 l0
l0 6 4 7 l9 l5 3.5 2 1.5 2.5 I 4 t4_5 l5

MfnchJ. 5 7 2 4 l8 t2 1.5 I 0.5 0.5 2 I 6.5 3

Samimi N. 5 9 2 3.5 l8 t4.5 1.5 1 0.5 I 2 3.5 9.5 9

Studer A. 8 l0 2 5 20 t4 1.5 2 0.5 0.5 0 3 7.5 7

RidlerU. 6 9 4 5 18 t8 0.5 I 1.5 0.5 2 7 L2.s 13

UdatnevD. 8 6 3 J 25 l5 1.5 2 0.5 0.5 5 4 13.5 L4

UdatnevR 7 8 2 4 22 ll 0.5 0 0.5 0.5 2 0 3.5 I
VenzinR 4 8 I 5 20 l3 2.5 0 1.5 0.5 0 2 6.5 4

Udatney R.

Bachmann D.

Miiach J.

Venzin R.

Doulakas L.

Bosch.S.

Studer A.

Bosshard G.

Samimi N.

Mathys P.

Brauss S.

FaistM.

2

2

3

2

2

3

3

2.5

2.5

3

2

2

2.5

3

3

2.5

3

3

2.5

3

3

2.5

3.5

3.5

6

7

6.5

8

9

10

10

11

10

8

10

11

11

10

10

13

10.5

t2

11.5

72

11

10

12.5

13

10

11

r3
10

13

11.5

13.5

1

2

3

4

5

6

7

8

9

10

11

12

13

t4
15
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3.2 Questionnaire
The questionnaire described in the Audit Manual was translated into French by the LESO and

into German by IHAP. The French version was checked by IUMHT and CSTts (Flance),

while the German version was also sent to University of Berlin. These questioruraires are

provided in Appendix.

German questionnaires were mainly used h buildings A to E, while French versions were

mostly used in buildings F to H. However, French versioru were also offered to French

qpeaking employees in buildings C to E, English versiors were also distributed in b,uildings D

and E.

The distribution and collection procedure described in Audit Manual was not followed in
every building. In building A, the number of employees was not too large, and these are very

often out of office. Therefore, the questionnaire was sent to the building management a week

before the audit, with the recommendation, if possible, to fill it during the audit day. Most

questioruraires were collected in the afternoon of the audit day. However, several occupants,

absent on the audit day, fiUed the questioruraire before, or even after the audit day.

In buildings F and G, the building management did not want to let our personal go

everywhere and disturb the managers and employees. Therefore, the building management

distributed the questionnaire by internal mail, the day before the audit, to a representative

sample of the occupanm (they are used to do so). The questionnaires were also collected by
internal mail. The response rate was nevertheles surprisingly hr$r (78V0).

In other buildings, the questionnaires were distributed and collected by otlr personal.

3.3 General IAQ measurements

Instnrments used for chemical and physical analysis of the air are listed in Table 12.

Procedure was as described in Audit Manual.

Locations: 5+: at frve locations in open offices or in 5 rooms, and in adjacerfizone
A: in ventilation air inlets
I (or 3): At one (or ttree) location(s) in offices

Schedules: :P: point measlrements, between L3 and 15 h (pumps on from 9 to 17 h for dust,

= L m3 sampled volume)
C: continuous from 9:00 to 17:00.
W: continuous for a week around the audit day.

In addition to standard quantities mentioned in Audit Manual, we have measured the ion
concentation and the uair quality" as given by a multigas semiconductor sensor connected to
a portable data logger. Lrsfuments were lent by the corresponding factories, which also took

Table 12: Instntments used in Switzerlandfor the chemical andphysical analysis of the air

Physical
orranfitv

Instrument Locations Schedule

TVOC
CO
CO,
co,
Dust
Dust
Multiple gas
Ions

Adsorption tube (Tena,x) TD/GC&IS/EID
DnriaenPec2CO
ARox 425A photo-acoustic gas detection
Bntos 100 - 2 channels non-dispersive IR
Pump and TEn oN filter (gravimetic)
Grimm Dust Monitor 1.102 (continuous)

Srrire-Covrnol Air quality sensor
Prnrso Ion analyser

5+A
5+A
5+A
5+A
5+A

1

3

5+

P
P

P&C
P&C

P
c
w
P

23
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care of the measurements and first data interpretation. From the methodologrcal point of
view, it seems very interesting to have "long tem" (at least a week) monitoring of a few
quantities ("air quality" sigral , air temperature and humidity in the present case). The

recorded data allows us to check that the audit day is not a special one, to control ttre
ventilation schedule, if any, and to observe possible unexpected phenomena in absence of the

audit team.

In the first building, much more instnrmerts were brought in, in order to compare their
results. h particular, continuous measurement of dust were performed. However,

concentrations of dust are so low that the obtained data do not have much sense. In panicular,

it was seen that dust concentration was strongly related to the prcsence and movement of the

measurement team.

3.4 Comfort parameters
Instruments, location and schedules for measurement of comfort related parameters are listed

in Table 13.

Table 13: Instruments usedfor measurement of comfoft parametew

Location and schedule coded as in Table 12. Noise measremen8 were take,lr at 8:30, before

starting sampling pumps and other noisy instruments.

3.5 Measurement of air flow rates to the rooms

3.5.1 Methods used

For the ventilation measurements in monitored r@ms, we have used tlre CESAR (Compact

Equipment for Strvey of Air Renewal), which was developed at the LESO and is described

below. It meas'ures the air flow rates using three tracer gases, using any injection stategy, in
partiantar constant injection, decay or constant concentration; the latter being partiorlady
developed and the most used. Up to 10 locations can be measu€d simultaneonsly The

analysers are non dispersive IR spectrrometers, tlre tracers being N2O, SF6 and Halon R1301.

The complete equipment can be transported.

In most cases, SF. was used in office r@ms, and \O in adjacent spaces. Since Halon R1.301

is harmful to the oz-orlelayer, we have used it qparsely, only in cases where a third zone had

to be measured. Before elaborating the injection strategy, pressure differential measurements

and smoke tests were performed in openings between zones. Since the scope of the

measurements was to assess only the air flow rates coming into the monitored offices, tracer

was not injected in zones not giving any air to the office rooms. With tltis injwtion smtery,

Phvsical ouantitv Instnrment [.ocations Schedule

AAtemperafire Pr-100-Airprobe
CoNpuSrnre.MEf,AG

5
1 (3 heiehts)

P
c

Operative temperature B&K12L2 5

1

P
C

Mean radiant temperature Calculated from above temperatures
also measured with Dprre
Raorotvrten LJDRM-HIn rP

5 P

Airvelocitv DANTEC 54 N5O FLOMMSTPN 5 (3 heiefrts) P

Relative humidity RorRoMc Hvcnosriop DV-2 with
YA-100. Air Probe

5+
1

P
C

Lisht BBC lu:<rneter 5 ormore P

Noise SEL Sonometer, A weigfiing 5+ P

2/4
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and assuming steady state, dilution of SF6 in the room is a measure of fresh air flow rate and

increase of other tracers is an indication of air flow rates coming from other zofles.

It would be the simplest way to inject the tracer gas into the inlet ventilation duct in order to

measure the air flow rates-from ventilation to measrred offices only. This was however

nowhere possible. In some cases, these ducts where not accessible, and in other cases there

were several duCtS tO One r96rn, Or Several rOOmS On One duCt.

Constant concentration technique was used everywhere it was possible. In large open offices

(>2000 m2) however, the ma:cimum injection rate allowed by the instrument]yas too small to

obtain a high enough tracer concentration. In these offices (buildings B and C), we have used

manual constant rate injection, followed by a decay. An improvement of the instrtrment is

under study now, allowing its use in large enclosures.

Multizone, dynamic and bayesian interpretation technique (see AIVC fi{ 34) was used to

inteqpret the measurement oi tracer gas concentrations and injection rates in order to obtain

the air flour rates. This sophisticatdmethod was in some cases the only one able to provide

reliable results.

In some special cases, where air inlets were well localised and of convenient size, a

FlowrnuoER was also used. This was possible only in buildings D and H, for a few grids.

3.5.2 CESaR: princrPle of operation

The hart of this insbrrment is the controller, which monitors the programmable sampler,

collects concenmtion data from the 10 analysed locations, computes the amount of tracer to

be irjected and pilots the injection valves. It is based on a MS-DOS compatible personal

computer.

The control method used in the program for constant concentration measurements is a

digitised and modified PI (proportional-integral) which can achieve a very stable

coircentration, even when the air flow rate changes strongly. The control parameter are

chosen in an optimal way and do not depend much on the air flow rates. Overshoots are

avoided by non linear modification of the control algorithm'

The air flows are computed off line and are diqplayed by the controller, taking into account

the residual small variations of the concentration of the tracer, the cross sensitivity of the

analysers and the variations of the denstty of air.

firis equipment has the following parts:

1- Fogr non diqpersive infrared spectrometers (BINOS of kybold Heraeus company), one

tuned for water vapour urd the others for the thred tracers used: nitrous oxide (N2O,20.0

ppm fsdt), srlphurhexafluoride (SFo, 20 ppmfsd) and Halon 1301 (R13B1, 20 ppm fsd).

The o"cessrry correction on the tracer concentration due to the presence of water vapour is

automaticallyperformed. Other analysers maybe installed with minor modifications- Once

analysed, the sample is flushed outdoors.

Z- Atr 11 channel programmable sampling unit (developed at the LESO), the eleventh

channel being O" oirta*r air. ThiJ sampler contains the sampling pumPs and sets o!

electrovalves enabling the sampling of the rooms in an arbitrary sequence. While the air of

a given rggm is sampled a"a in5ectea into the analyser, the sampler pre-pumps the

*pliog duct of ttre nix chaurel. The analysing time is short enough to scan 11 channels

(e.g. 10 rooms and the outdoor air) in less than 10 minutes'

3- A 10 channel programmable tracer injection unit (also developed at the LBSO), which can

inject, in any suqi*"", one of the three tracers in a duct leading to a room. Each channel

has two s,rpe.s""ic nozzles, adjusted for two different flow rates. The control of the

injected qdnt ty is achieved by electrovalves controlling the injection time through the

25



EunopuNAuorrPnorscr

chosen nozie. The tracer injected in the duct is then flushed with outdoor air, while the
uilit injects another tracer in the duct connected to the next room.

4- A process controller (an MS-DOS operated PC) and a data processing unit (Hewlett
Packard 3852A). These control, by means of the CESAR software, the time-shared
injec'tion and sampling sequences and the data logging.

5- An anemometer to record on site the simultaneous values of wind direction and speed.

6- Temperature seflsors (Pt 100 Ohm) to measure the indoor and outdoor temperaturcs.

3.5.3 Procedure

3.5.3.1 Mirtng the trocer gas

The main problem in tracer gas measurement techniques is to obtain a good mixing of the
mcer in tlre air to be measured. The best solution depends on the ventilation system,
especially on its inlet and exhaust grids. In principle, the tracer injection should be located in
a turbulent area, upstream of the analyser. The best solution we have found by experience in
the investigated buildings are presented below.

inla outlet inlet

Figure L2: Position of injection and analysis when air inlet and outlet are at the ceiling.
@ aralyser
* injector (preferably with muttiple head, so tracer can be injected in many difierent inlets,)

The best position for the injection is just in the inlet, but when there is a short circuit between
the inlet and the ouflet, it is better to inject in the middle of the room (otherwise, a large
amount of tracer gas is directly lost in the ouflet, before mixing). For the analysis tlre best

position is in one ouflet

ot
o

o.oo

BoE
.E

Figure 13: Position of injection and arulysis when inlet and outlet are in dffirent locatiow
of the room

Figure 13 slrows two different situation where the mixing is easy to obtain when inlet and

outlet are in different locations and air movements are known from snoke test. Engineen

inlet, induction unit

26



NertoNar- Rrpotr or S*ryraru.ero

project often also show arrow representing the planned air morrement, but unfortunately, the

air does not always follows the arrows.

Figure 14: Position of iniection and analysis with 'natural ventilation

In case of natgral ventilation the air movements caused by the radiator or stack effest sltould

be used. In open doors the air come into the room through one half of the door (the upper or

lower, aepenaing on temperatlre differences) and goes out through the otlrer half. This

sitgation can be used by placing the analyser close to the exhaust. In any case, the injection

should not be placed where the air goes out and the analyser shall not be located in the fresh

air.

As a general test, tlre measrred concentrations should be followed during the first hour of

meastirement. If they are relatively continuous and slowly changing, the mixing could be

good. At the contrar5r, if there are large and quick variations of a concentrations, it is certain

ihat the mixing is not achieved, and one should change the injection and analysis locations to

obtain a better evolution.

3.5.3.2 Use of the tracer gases

Basically, in order to get all air flow rates, one tracer gas is required for each 7srLe, including

the ventilation system considered as a zone. Hovrever, only air flow rates coming into the

monitored rooms are required, and this reduces drastically the nunrber of required tracers. A
supplementary reduction is obtained by testing the direction of inter-zond air flows with

r*ot"r injection of a tracer is not requird in adjacent zofles not giving air to the audited

r@ms. From ogr experience, it is not sufficient to measrre the pressre differential,

especially if it is small or when there are open doors.

Figrrre 15 shows tbree examples of tracer gas injection strategies used in different situations.
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tracer gas I

tacer gas2

tracer gas 3

injector tracer gas I

injector tracer gas 2

injector tracer gas 3

analyser

Figare 15: Three examples of tracer injection in order to measure airtlow rates incoming in
the two zones at the lefr.

3.6 Measurements of air flow rates in ventilation systems

In addition to standad measulement, the air flow rates in the ventilation systems were
measured in orderto check if these were firnctioning as planned.

The measrre.ment procedtre is based on tracer gas dilution at constant injection rate. Tracer
gas is injectd at known, constant rate in a duct, upstream enough from a location where the
air in the duct is analysed. The meastred concentration, C, is linkd to the tracer sour@ rate,
,S, and to the air flow rate in the duct, Q, by:

where C, is the tracer concentration upstream the injection port. Noting eo and e" for
measurement errors of tracer flow rate and concentratioru, the error for air flow rate is:

ov)

GI
E(ll
o
o
o
N

o,0

.tt

GI
o
o
o
N

c-c"=i hence o=* (1)
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In a uslal ventilation system, as iltustrated on Figure 16, there could be recirculation, short-

circuits, mixing tees, etc. In order to obtain all the air flow rates, either several tracers should

be injected at the same time, or the experiment should be repeated several times, injecting the

tracer at various locations. These procedure are planned in order to get at least as much flow

equations as air flow rates to be meastred.

Figure 16: Schematics of a ventilation slstem. L B, C, D: tracer gas iniection points; 0, 1, 2,

3,4,5, 6: concentration analysis locatiorc.

proper tracer gas injection and analysis locations for the system are shown on Figrre 16 and

in Table 14. These measurements allow oneto assess all airflows in the installation. In many

cases, it can be safely assumed that some air flow rates are negligible or non existent, and the

planning of the experiment can be greafly simplified.

Tabte 14: Examptes of injection and analysis locations for mecmurement of airflow rates in

ventilation system.

Injection
location

Analysis
oort

To measure Equation used

A
B
c

D
B

0and1
2 ard3
4and5

0,3 and 5
5and6

0,3and4

q outdoor airflowrate
q puked airflowrate
a- exhaustflowrate
q recirculation flow rate
q extractairflowrate
q infiltration flow rate.
O et'iltration flow rate.

Q.(C,-C"1 = 5^

Q"(C.-c,) = 5"
Q-(C,-C) = 5"
Q =(Q-CiQ"CJ/C.
Q.(C.-C.) = S,,

Q = Q"+Q--Q"
(c -C-)o =(C^-C-)O + (C.-C)O

Other experimental designs are possible, allowing measrrement of many air flovs with fewer

experiments. They lead however to more complex equations (AM TII{ 34). The most

important conditiLn is that the tracer is perfectly mixed to the air at the concentration

mdasgrement location. This requires either a very long straight duct, or some flow perturbing

elements srch as bends or fans between the injection and the analysis locations. The most

convenient experimental plan slrould be chosen after taking account of the practical

possibilities for injection and analysis, and of the tracer mixing elements.

#€E
:09.= 6.)

Eril2

6)

LL

(urE5.-
E

be.(D(l)
kt c,.oE
ho@

o6,oq)OE

B

.}o)o
6t

a
Eq)q

-s
E
Eg
o

29



EunoppeNAuonh.orscr

The tracer gas mixing slrould be verified by checking the concentration variation along a
traverse in the duct or upon time. If the concentration remains steady, the mixing is likely to
be good. If not, mixing can be improved by multiplying the injection ports in the section of
the duct, or by mixing air samples taken at several locations in a traverse.

3.7 Weather conditionsi
Weather conditions were obtained mostly from ISM, the Swiss Meteorological Instittrte, and

were provided to LESO by the EMPA, Swiss Federal Institute for Testing Materials. Such
data can easily be obtained, but with a delay of 2 months. For this reason, the climatic data

recorded at the LESO building were taken for building H, which was the last tested.

Table 75: sources of weather data.

Buildins Meteoroloeical station

A
BandC
DandE
FandG
H

Bern

Zurich
Wedenswil

Pully (nearLausanne)

LESO.EPFL

3.8 Energr consumption
Amual errffgy use for heating, cooling and other appliances was prcvided by the building
management, ge,lrerally without much difficulty. For some cases (buildings D and E, and F
and G) where two different buildings were owned and managed by the same organisation, the

consrmption's were not known separately for each building. In this case, afl estimate of the

heating requirement of each building was calculated with a simplified model (LESOSAI,

similarto prEN 832). The hlpothesis (e.g. air change rate, furnace efficiency) on which these

estimates are based were adjusted in such a way that ttre sum of the estimates equal the known
total consumption. Electricrty foroffice appliances was shared proportionally to floor area.

3.9 Time schedule
Buildings were audited as slrown in the Table 16. The first visit (half a day), was used to
choose tlre monitored trooms, to asses information for measurement planning, and to fill-in the

building check list.

Table 16: Visit schedule

Buildins First visit Audit dav

A
B
c
D
E

F
G

H

18.05.93

13.05.93

13.05.93

12.05.93

t2.05.93
02.06.93

02.06.93

25.05.93

9.12.93

25.01.94

26.01.94

L.02.94

2.02.94

15.02.94

16.02.94

1.03.94
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Figure 17 shows the hotrrly schedule for a typical audit day. In most cases, the audit team

arrived late in afternoon tfre Aay before the audit, in order to install the instnrments. Buildings

C, E and G, were audited tfre aay after buildings B, D and F respectively. Each pair of

buildings was close each other, so tt 
" 

beginning of installation could immediately follow the

dismanfling in the preceding building.

t2

Travel

Unload cars

Calibration CESAR

krstallation Stifa

Srnoke tests

Installation analYsers

Installation CESAR

Travel to hotrse q hotel

Travel to b,uilding

Instal CESAR (end)

Noise nreasurement

SuPervision

Continued measurements

Air flow rneasrement

Strt air analYsis

Distrib,trtion qtrestiumaire

Lunch

Collect questionnaire

Temperature, air velocitY

Measre COZ,CO

Stop TVOC, VOC;s, dtst

Moisure

Operative temPeraffre

Light measrernent

InspectHVAC

Airflowrates in IryAC

Pack insruments

Refteshing Panel

Travel Parel

Measrrantents Panel

Travel bac,k panel

T
t

T
I
TrI Iilt:.Bliiiii:i1:::i:i.i.i::I

f
T

"+:.['"t,ffifil+'iillf
I
I

-

I
I

;
I

t
I
T
I
I

T
T

I
I

I
I

I
I
I

I
Figure 17: Typicaltime schedulefollowed during the audit of a buiWing'
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4. RESI.JLTS

Main results are presented below, while detailed rezults are in appendices corresponding to
each building.

4.1 Questionnaire
The collected questionnaires were interpreted using an EXCEL worksheet prepared for this
purpose.

4.1.1 Population

Table 17: BuiWing investigatedpopulatio4 per building

kr building A, the pilot study, there were not enough occupants to collect 100 questionnaires.

The average age of ocorpants is about 40 years, but it is 36 years in b,uilding C, which is a

new banking @ntre, and more than 44 in A, hosting a long established government office.

Cccupants ABCDEFGH lrc
Total number

Questiormaires distributed

Questionnaires returned

24:0 750 1'200 223 200 800 800 244

80 150 120 140 100 135 130 130

77 141 108 1t9 94 115 101 126

557 38C

123 23

110 2A

Mean Age

Stdev. of mean age

Female occupants

Male occupants

Time at desk before filling
ouestionnaire

4438363940434239
101013910127412

21Vo 40Vo 53Vo 43Vo 53Vo 35Vo 53Vo 57V.

79Vo 60Vo 47Vo 57Vo 47Vo 65Vo 47Vo 49%

2.7 2.9 3.7 2.9 2.8 2.8 2.6 2.7

40:
11 2

44Vo 12E(

56Vo l2Vt
2.9 0.3

Managerial work
Specialist skill
Clerical
Other

79Vo 16Vo 13Vo 41Vo 33Vo \ZVo t6Vo 18E

57Vo lSVo lVo 26Vo 18Vo 45Vo 377o 3%

227o 49%o 72Vo 23Vo $Vo 307o 487o 72E

7Vo lTVo l3Vo 10Vo 5Vo 72Vo SVo 7%

21Vo 10%

25Vo t9%
45Vo 20%

9%o 5%

Time spent in the building 10.0

[yearsl
Time spent in the room [yearsl 2.9

Hotrs per day at the desk 6.9

Paidhours perweek 42

Hours at \IDU perweek 14

Days per month in the building 17

Numberofpeopleintheroom 8

5.4 1.8 5.2 10.1 8.0 7.8

1.4 2.1 4.5 4.4 5.5

7.7 7.5 9.2 7.8 8.2

42/,/.414139
22 ?1 19 16 L6

t6 15 27 22 21

01224

2.7

3.0 2.3

7.5 8.2

4t 40

26U
20 t6
664/.

6.4 3.1

3.3 1.4

7.9 0.7

41 2

205
183
76 25

Asthma

F*zerna

Hay fever

Smoking neighbors

Smokers

Ancient smokers

70Vo 6Vo lUVo L4Vo l$Vo 70Vo 6Vo LZVI

21Vo 29Vo 28Vo 2LVo 26Vo l3Vo lTVo 79Et

79Vo 27Vo 29Vo 28Vo ZTVo 22Vo 797o 26%

ZlVo SlVo LlVo 29%o 29Vo 37Vo 25Vo 52%

16Vo 427o 4lVo 3l7o 79Vo 20Vo 2lVo 36%

76Vo 28Vo 26Vo 33Vo 3lVo 33Vo 36Vo 44%

l$Vo 3E
2ZVo 6%

25Vo 4%

367o 22%

28Vo 10%

37% 8%
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Sex are more or less equally represented in most buildings, with a slight advantage to mell.

Buildings A and F, which host many maragers or specialiSs, contain alarge majority of men.

Smoking is allowed in separate rooms in every building. In building B it is even allowed to

smoke Iverywhere, except is siome spaces in the cafeteria. The percentage of smokers,

however, 1ruriur strongly 
-bet*een 

buildings. Bank and insurance show a percentage slighfly

higher than the Swisi 
-ayerage, 

while there are less smokers in public and food industry

o#i""r. Interesting is the cornparison between buildings B and C, which are both open offices

and which slrow the sarne peicentage of smokers. In principle, in building B, it is allowed to

smoke in some area of th- open offices, while in building C it is not allowed to smoke in

offices betw,een 8 and 16 hotrrs. The percentage of smoking neighbours (a cause of

complaints often mentioned) is8lVo in B while oriy 17Vo in C!.

4.1.2 Bul/rding symPtom indices

These indices are calculated from the number of symptoms presented by each individual,

which disappear when this person is out of building. These are defined in the Audit Manual.

Basically, i11g hrg"r is the BSI, the greater is the nurnber of building related symptoms.

Tableau 18: DeJinition o/symbols ttsedfor Building Symptom Indices.

Svmbol Sionification List of svmptoms Correction

BSI fs Based on frequency scale,

used for symptoms Present

dtring the month preceding

the audit day.

Short (ma,x 6)

BSI ff t-ons (max. 11)

BSI fsc Short Yes

B.SI ffc lone Yes

BSI ss Based on sensitivity scale

used for symptoms Present

the audit day.

Short

BSI sf [.one

BSI ssc Short Yes

BSI sfc Lone Yes

It is well known that women generally present more ErrnPtoms than men, and that managers

complain less than clerical employees. To take account of the difference in populations

between buildings, correction fistors were defined in Audit Manual. These were based on

male managers, sirr"e it is likely that these show the smallest symptom index.

Unfortunately, the number of male managers filling the questionnaire is often quite low, and

sometime lower than 2. The related information has ttren no meaning. It was hence decided

that the correction factor should be calculated on the base of female clerical, which are well

represented in any office building. The factors shown in Table 19 are calculated on this base.

Therefore, the correction factor for each building is 1 for female clerical.

It appears that the number of symptoms presented depends in average much more on sex than

on the tlpe of job
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Table 19: Conectionfactors, based on a value of l forfemale cbrtcaL

0.77 0.60 0.75 1.13 A.$ 0.03 0.26 0.

0.34 0.50 0.88 0.37 0.37 0.43
0.42 1.06 0.60 0.00 0.86 0.51 0.76 0.
1.35 0.10 0.& 0.47 0.19 0.08 0.38 1.1

0.45 0.66 0.@ 0.93 0.42 0.30 0.41 0
1.08 1.33 0.90 1.64 0.86 0.18
0.74 0.82 1.93 0.33 L.74 0.50 1.19
1.00 1.00 1.00 1.00 1.00 1.00 1.00 I

0.58 1.22 1.10 t.29 0.98 1.42 I
0.95 0.95 1.05 1.03 1.01 0.87 1.05 1.1

0.61
0.49
0.62
0.54
0.58
1.07
0.9s
1.00
1.18
1.00

0.75 0.50 0.69 0.87 0.42 0.02 0.25 0.
0.32 0.6 0.74 0.32 0.30 0.39
0.38 0.96 0.s5 0.00 0.93 0.45 0.63 0.
0.,6 0.07 0.43 0.59 0.t4 0.08 0.27 1.51
0.43 0.58 0.58 0.76 0.39 0.2s 0.37
0.87 1.33 0.82 1.51 0.78 0.12 I
0.82 0.54 2.37 0.25 0.98 0.52 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 I

0.63 1.22 1.85 1.03 1.16 1.28 1.51

0.s5
0.4
0.58
0.51
0.52
0.96
0.92
1.00
t.?A

0.
0.
0.

0.
0.
0.
0.
0.
0.

0.92 0.47 0.37 0.95 0.52 0.U 0.31
0.67 0.47 0.70 0A7 0.6 0.4 0.31

0.57 0.89 0.52 0.00 1.08 0.68 0.73 0
1.50 0.10 0.39 0.18 0.58 0.11 0.00 I
0.72 0.s6 0.6 0.75 0.53 0.43 0.42 0
1.25 1.11 0.73 t.70 1.30 0.00 I
7.25 0.45 1.95 0.89 1.08 0.87 1.06

1.00 1.00 1.00 1.00 1.00 1.00 1.00 I
0.53 1.03 0.U 1.30 1.33 1.83 I

0.s6
0.50
0.68
0.5s
0.59
t.02
1.08
1.00
1.13

0.97 0.42 0.47 0.70 0.52 0.30 0.39 0.

0.74 0.45 0.62 0.47 0.42 0.48
0.62 0.89 0.43 0.00 1.32 0.52 1.05
1.30 0.07 0.31 0.23 0.77 0.08 0.00 1.

0.78 0.54 0.4t 0.59 0.54 0.37 0.5r 0.
2.17 1.09 0.55 1.4 1.19 0.18
r.52 0.49 2.51 0.74 0.99 0.93 0.92
1.00 1.00 1.00 1.00 1.00 1.00 r.00 1

0.62 0.91 0.82 0.99 t.23 1.67 r.l
L.28 0.91 1.02 7.M 1.02 0.98 t.M 1.

0.74
0.41
0.64
0.15
0.64
0.67

0.v
0.49
0.77
0.56
0.56
1.09
1.16
1.00
1.06
t.M

1.03 0.73 0.93 1.r8 0.48 0.04 0.26 I
0.48 0.48 2.98 0.65 0.48 0.38 0.55 0
1.00 1.00 1.00 1.00 1.00 1.00 1.00

0.31 1.18 1.13 0.50 0.54 1.ll 1.

Managen
Specialists
Clerical
Others

EunopraNAuorrh.oncr

Table 20 shows the building symptom indices for the 8 buildings. Strong differences are

obvious: buildings A, B, C and H show the highest values, while D, F and G are below
average.
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Table 20: Building Symptom Indices

Buildine ABCDEFGH l,L o

BSI fs

BSI ff
BSI fsc

BSI ffc

Last month, short list
Last month, full list
Last month, short
corrected

Irst month, full
corrected

1.59 3.03 3.07 r.17 2.60 1.66 2.09 2.43

2.12 4.21 4.43 1.43 3.45 2.33 2.79 3.4
list, 2.89 4.79 4.43 1.88 2.65 1.87 2.06 3.79

hst, 4.23 7.07 6.73 2.40 3.78 2.55 2.97 6.04

2.21 0.69

3.02 1.05

3.04 1.16

4.47 L.89

BSI ss

BSI sf

BSI ssc

BSI sfc

Today, shortlist
Today, full list
Today, short list,
corrected

Todav. full list. corrected 3.17 3.ss 1.31 2.89 1.94 2.33

L.34 2.05 1.94 0.74 1.87 1.26 1,.57 1.51

L.74 2.77 2.77 L.00 2.40 1.66 2.02 2.1(,

2.45 3.2L 2.53 0.99 2.09 1.54 1.47 2.39

t.54 0.43

2.07 0.60

2.09 0.77

2.87 0.98

Nruoxar Rrponr or Smzmnr-eNo

Questioru were asked on environment, air quality, noise, lighting, etc., mostly ot a 7 point
scale. Table 21 shows the scales used.

Table 21: Evaluations of environmental conditions conesponding to evaluatian scales.

Table 22 strows the mean resporue rates with respect to IAQ, and allows the comparison

between responses concerning the past month and the audit day.

Condition

Evaluation for
minimum note

Notes

Min Best Ma:r

Evaluation for
ma><imum note

Comfort

Temperature

Temo- variations

Cold

Comfortable

Not enoueh

-30+3
117
147

Hot

Uncomfortable

Too variable

IAQ acceptability

Airmovement

Airmoisture
Airsmffiness

Odours in air

Not acceptable

still
Dry

Fresh

Odourless

-50+5
147
147
117
117

Acceptable

Draughty

Humid

Stuffy
Smellv

Ughtness

Lieht stabi[ty
Glare

Light homogeneity

Tioht satisfactorrr

Too dark

Steady

No glare at all

Very uniform
Satisfactorv

147
117
117
147
117

Too bright
Flickering

Too much glare

Veryuneven
Unsatisfactorn

Noise from ventilation

0thernoise

Noise in general

No noise

No othernoise

Satisfactorv

117
117
117

Too muchnoise

Too much othernoise
Unsatisfactorrr
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Tabte 22: Mean response rates with respect to air quality. Best note is 5for IAQ acceptability

(fron -5 to 5), 4for air moisture ftom I to 7) and l for air stuffiness and air odour ftom 1

to 7).

A B C D E F G H

Environmental condition

past month:

indoor air acceptability

air humidity

air stuffyness

air odour

1.55

2.54

3.39

2.59

0.53

2.59

4.65

3.55

0.Lt

2.44

4.98

4.23

3.22

3.11

2.9C

2.46

0.69

2.09

4.70

3.26

1.9(

2.6t

3.3s

3.03

2.34

2.58

3.43

2.68

1.30

2.56

3.86

2.88

Environmental condition

rlow:

indoor air acc.

airhumidity
air stuffyness

air odour

2.73

2.71

2.78

1.95

1.19

2.93

3.96

2.97

0.91

2.93

4.00

3.42

3.3s

3.13

2.56

2.04

1.35

2.54

3.97

2.81

2.50

2.76

2.93

2.11

2.56

2.80

3.14

1.81

L.72

2.&
3.28

2.41

Control onventilation 1.12 1.38 L.4l 4.64 7.4 1.89 2.32 r.43

On Table 23,itcatbe seen that thermal comfort conditioru, air movemmts, air moishrre and

odolrs are accepted in every building. IAQ is however judged just acceptable in most

buildings, D being the exception-

Tabte 23: Jtdgement of comfon condition and IAQ on the audit day. Best notes are: 0for
thermal **\on fton -5 to 5), 1 for comfort temperature, air stufriness and odour(ftom I to
Z), 4for air-moviment and humidity ftom 1 to 7); and Sfor IAQ acceptability ftom 1 to 7).

c HGFEDBA l.L cl

[.evel of thermal comfort

Indoor air acceptability

Comfort temperature

Airmovement

Airhumidity
Air stuffiness

Air odor

-0.4 0.1 -0.4 0.0 -0.2 0.0 0.2 -0.1

2.1 1.2 0.9 3.4 7.4 2.5 2.6 t.?

2.4 3.2 3.4 1.8 2.5 2.7 2.7 3.2

4.3 4.3 4.4 3.6 3.8 3.7 4.0 3.6

2.7 2.9 2.9 3.1 2.5 2.8 2.8 2.6

2.8 4.0 4.0 2.6 4.0 2.9 3.1 3.3

1.9 2.9 3.4 2.0 2.8 2.1 1.8 2.5

-0.1 0.2

2.0 0.8

2.7 0.5

4.0 0.3

2.8 0.2

3.3 0.6

2.4 0.6

As slrown on Table ?4, h$rtng is found quite satisfactory ever;vhere. Ventilation system

appears to be noisy in buildings B and G, but noise seem satisfactory in most buildings, A and

B beingthe possible excePtions.
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Table 24: Light and noise judgement on the audit day. Best notes are 1 for lightflickcring,
glare, noisejttdgement and satisfaction; 4for light brightness and homogeneity (allfrom 1 to

7).

Lishtandnoise A B C D E F G H Ito
Lieht brightness
Ughtflickering
Glare
Light ureven
Ughting satisfactory
Noise from ventilation
Othernoise
Noise satisfactorv

3.9 3.7 4.1 4.1 3.9 3.8 4.1' 4.7

1.5 2.0 2.0 1.5 1.8 1.6 1.6 2.4

1.8 2.5 2.3 2.3 2.4 2.L 2.5 3.0

4.1 4.t 4.2 4.L 4.0 4.0 4.0 4.4

1.9 2.7 2.4 1.8 2.4 2.3 2.4 3.0

2.4 3.8 2.1 1.4 2.4 2.6 3.4 2.6

3.6 3.9 2.6 2.7 3.1 3.5 3.2 2.9

3.1 3.5 2.3 2.0 2.6 2.9 2.8 2.9

4.0 0.1
L.7 0.2
2.4 0.4
4.t 0.1
2.4 0.4
2.6 0.7
3.2 0.4
2.8 0.5

Except in buildings D and E, occupants feel they have no contnol on the temperature (Table

25). bontrol of ocarpants on ventilation appears to be possible only in building D, which is

the only building having a part naturally ventilated. Even contol on lighting is quite poor:

only buildings A, D, E and G show some control possibilities overpassing the average value.

Most buildings are not dirfy (all notes over 4) but building A, C, D and E are judged cleaner

than the others.

Table 25: Judgement of occupants an environrnent control an"d cleanliness. Best note (full

control and clean office) is 7

Control&cleanliness A B C D E F G H 1.r o

Control ontemperafire
Control on ventilation
Control on lighting

Cleanliness

2.5 1.3 1.5 5.1 4.1 2.7 2.6 1.7

1.1 1.4 1.4 4.6 1.8 1.9 2.3 1.4

4.9 2.0 2.6 5.3 4.1 3.3 3.7 2.9

6.4 4.6 5.4 5.8 5.3 4.9 4.4 4.4

2.7
2.0
3.6

5.1

1.3

1.1

1.1

0.7

An important means of controlling temperature and ventilation is window opening. Table 26

shows the answers of occupants to several questions related to windows. It is allowed to open

tlre windows only in buildings D, F and G. In building F, there is however some restriction.

In building A and B, there are windows to every office room. Only conference rooms have no

windows.-Some occupants of tlris large open office buildings are however so far from the

nearest window that they have the impression that tlreir room has no windows.

Table 26: Relation of occupants with windows in the audited buiWings.

Windova ABCDEFGH l.L t7

Rooms without windows
Rooms with windows
Distance from the window
People opening the window
Peoole not ooening windows

SVo 9Vo 3Vo 07o 37o 07o 07o 67o

95Vo glVo 97VoL00Vo 97Vol00Vol00Vo 94Vo

t.2 5.9 4.3 1.0 1.3 2.1 2.0 2.L

7Vo \Vo lVo 94%o l$Vo 6Uo 74Vo 3Vo

93Vo l00Vo L00Vo 6Vo 9Wo 38Vo 267o 97Va

0.03 0.03
0.97 0.03
2.47 1.71

0.31 0.39
0.69 0.39
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4.2 Sensory evaluation
Perceived air quality as evaluated by the panels is given in Table 27. Otttdoor air for building
A was severely noted, because there were roadwork with asphalt vapours near the building.

In buildings R G and H, fresh air was injected to the room through induction units. It was

therefore not easily possible to judge the air coming from ventilation only, since this is
akeady mixed with room aA at inlet grids.

Table 27: Perceived air quality in decipol: mean values and standard deviation of votes. Iast
columns in the average of all buildings. 6 is the conJidence interttal of the average vote for
each building, calculated with 95/o probabilitlt.

Sensory evalulation

Deciool

A
u6

B

uo
C

w6
D

lr6
E

u6
F

u6
G

uo
H

u6 p

Outdoor air

Offices

Adjacent rooms

Suoplv air

4.3 2.3

8.0 2.9

9.1 2.5

2.7 3.0

2.L 2.1,

6.1 1.8

9.4 3.4

3.6 1.3

1.8 0.t

4.7 7.5

8.0 1.?

3.4 1.3

1.4 0.e

6.9 1,.9

6.6 l.(
4.1,2.C

t.4 0.6

5.7 1.9

6.4 7.6

3.0 1.1

0.5 0.7

6.4 2.5

9.5 3.3

3.3 1.9

0.9

6.L

6.5

2.3

0.9

1.1

3.5

1.3

1.1 0.t

4.3 L.(

3.7 t.S

3.0 2.C

L.1

6.(

7.t
3.2

4.3 General indoor air qualitY

Resglts of measrrements on VOC, TVOC, CO, COz and particles in selected offices of the

buildings are given here. Note that CO and particle concentrations were ever5mrhere close to
or below tlre detection limits.

4.3.1 Volatile O4ganic Compounds (VOC)

One sample per bnrilding was evaluated beyond the overall TVOC index. Based on

chromatographic retention times, a total of.2L5 organic compounds were detected in the FID
mode in the 8 buildings. For 56 compounds, a tentative partial or complete identification was

obtained from the mass spectra. Based on the toluene equivalent concentration index, the 15

most abundant VOC were identified in each sample. Thirfy-nine compounds, of which 4

unidentified so far, were cited in the top15 list-

Table 28 gives a compilation of the 15 volatile organic compounds which are most present in
each specially investigated room of each building. These are sorted by GC retention time, in
orderto goup similar compounds.

The highest concentration is for n-hexane, present in building H only. This is a solvent, but
we did not notice any particular use of solvents in this building. Most presents VOC's are

acetone, aliphatic $Ir., toluene, dichloro methane and m-xylene, which are all solve,nts.

Some of these may also come from gasoline, and acetone may also be emitted by occupants.

Inbuilding F, a large quantity of VOC was emitted byfreshlypainted surfaces.

None of the identified VOC was present at srspectedly harmful concentrations, evexr

accounting for their sensitivity ratios vs. toluene in the EID evaluation. Semsitivity ratios for
the identified compounds will tlpically be vdthin a 0.1 to 10 range, with a noticeable

exception for halogenated hydrocarUons. Onlyjor one compound (n-hexane in Building H)

did Ale concentration index exceed 0.1 mglm', while the TVOC indqr remained below 1

mg/m3 in all bat 2 samples, the latter remaining below 2 mgllrrf (Building F). N-horane in
Building H is a special case, with a comparatively high concentration index, while not being

detected in any other sample.Compared wittr tlpical outdoor TVOC indices taken on the same
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days, the increase in concentration was usually less than a factor of 3, with the exception of
Building F (factor4.5).

Table 28: Compilation of the 15 volatile organic compounds which are most present in

investigated buildigns, sorted by GC retention time.

Retention
time
min.

voc Likelysources
Number

of b,trildings
where oresenl

2.45 ethanol cleanins asents 2

2.52 ? 1

2.69 acetone metabolism? General purpose solvent, correction
fluids. outdoor oxidized products

8

2.82 2-meth-1.3-butadiene rr isonre-ne: vegetal emissions? svnthetic rubber 2

3.06 dichloro methane seneral Dunnse solvent 7

3.4 2-methyl-pentane gasoline, petroleum distillates (white spirit
rvrp solvents^ incl. correction fluids)

6

3.53 3-methvl-pentane 1

3.75 acetic acid ? silicone sealanB 4

3.74 n-hexane gasoline, petroleum distillates (white spirit type
rolvents)

1

3.94 acet.acid eth.ester plvent (elues, sealanrc) I
4.2 ,l 3

4.26 methyl-cyclopentane gasoline, petroleum distillates (white spirit type
solvents. incl. correction fluids)

1

4.57 1.1. l.-trichlorethane ^ar.rcetinn fl rrirls nrinting aooliances 2

4.U 1-butanol !(DU's. electronic equipment 2

4.87 aliphatic C7Hl6
gasoline, petroleum distillates (white spirit

ffi solvents, incl. corectionfluids)

8

5.01 4

5.28 dimethvl-wclopentatr 1

5.47 n-heptane 6

5.66 C5H2O8 ester or methyl-methacrylate: plastics, glues,

ohotocooier suoolies.

6

6.16 methvl-cvcloho<ane gasoline, petroleum distillates (white spirit
fvoe solvents. incl. correction fluids)

3

6.26 methyl-cvclohexane 1

6.4 C? alcohol 2

6.51 I I
7.06 toluene solvents. elues (carDets!), easoline 8

9.3 o-xvlene solvenls- slues (caroets!). sasoline 3

9.5 m-><ylene solvenls- slues (caroets!). sasoline 7

10.M ,l I
10.09 o-xvlene solvents. slues (carpets !), easoline 4

11.49 aliohar C9H20? casoline. diesel fuel 1

11.79 benzaldehvde 4

L2.4t decane Cl0I122 sasoline. diesel fuel 1

12.53 nrimethvl-benzene sasoline? 6

13.36 LLimonene rcented cleansins apents. oerfumes 4

14.71 undecane CLlHZl Ciesel fuel? I
15.86 lwnzsic acid ? 1

r6.86 lodecane Clzll?5 diesel fuel 1

18.51 Si-compound I
23.43 Codecanoic acid ? 2
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The observed concentrations are all 2 or morc orders of magnitude lower than the ma:rimum
allowable workplace concentrations applicable in Switzedand and in most Western countries.
Whether such limit values should also apply to non-industrial chemicals to which personnel

may be e4posed without proper instnrctions is still an open debate. The relationship between
such values and the annoyance caused by une4pected chemicals in office workplaces has

already beer discussed (E.Fellay-Bosco, "G€ne sensorielle provoquee par dix substances
pilotes", IUMIII, Lausanne 1988).

Table 29: Most common volntile organic compoundsfound in the audited buiWings.

Compounds Nb of buildings
where detected

(max- 8)

Nb of citations
in top-15 list

Avg. conc.
index per cit.

uolm3

Ma:rimum
conc. index

volmS

Itoluene
lacetone
I

laliphatic Cfi,^
lm-rylene
ldichloro methane

ln-nepune
C.[O"ester
2-methyl-pentane
trimethyl-benzene
aliphatic Cfi,"
methyl-cyclohexane
LLimonene
o'rylene
benzaldehyde
prylene
tunknown 209
l-butanol
ethanol
undecane C,,II,,.
unknown 202
unfuown7A6
Si-compound
dodecane C,rIIr^
acetic acid ?
C? alcohol
Z-methyl-L,3-btrtadiene
3-methyl-pentane
dimethyl-cyclopentane
decane CL0l122
1,1,1-trichlorethane
dimethyl-cyclopentan
dodecanoic acid ?
methyl-cyclopentane
acetic acid ethyl ester

br;nzoic acid ?
uuakrtownZ22
aliph Cfi-?
n-hexane

n
25
76
15

11
26
10
9
6

23
17
13

5
5
5
4
77
4
4
3

3

3
2
6
3

3
6
6
4
3

6
7
11

3

3
2
15
201

57
83
39
33
25
81
18

26
t2
81
99
62
11

10
10
7
u
2t
8
t2
8
t2
6

72
8
8

25
28
t2
10

t9
11

32
6

4
3

2t
201
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Most identified compounds are hydrocarbons. Odrer interesting compounds are methyl
methacrylate (CrfLq ester) and chlorinated solvents (dichloromethane, trichloroethane)
observed in all or most samples. Among hydrocarbons, some are 6pical "outdoor
substances", o.g. benzene, toluene and xylenes, as well as many lighter alkanes. Others, in
turn, are considered typical "indoor substances", such as heavier alkanes (Cro) and terpene

compounds like limonene and the pinenes. Oxidized VOC, like alcohols, aldehydes, ketones

or fatty acids may origrnate in both comparments. In all cases, if any compound was found at

significantly higher concentration indoors than outdoors, an indoor source would have to be

present. The outdoor air samples were however not evaluated in full detail during this audit.

Another methodological limit must be stressed: the Tenan TA sampling process followed by
thermal desorption does not provide a good insight at polar or moderately volatile
compounds, nor at very light hydrocarbons (2Cr). The latter may not be very relevant to
indoor air quality, but the former comprise a large array of odorous substances, including
amines, sulfur compounds, fatty acids and other oxidized compounds. Oxidized compounds

appear to make up the greatest amount of indoor airborne organic pollutants. Some of the
polar compounds are also of much gxeater significance to health than hydrocarbons.

4.3.2 Dust

Measurements of suspended dust were taken every minute with a straylight dust meter
(Grimm Dust Monitor 1.102) integrating all particles greater than 0.5 pm. All profiles
remained below 30 pg/m3 on average. Some records show scattered very fast peaks largely
above the baseline noise, but no peak even approaches ttre mg/m3 range.

Table i0: Contirunw dust manmements

4.3.3 Carbon dioxide

Diagrams of continuous records of CO, concentrations are provided in the annexes related to
each building. In traditional production settings, continuous measurements of variables

related to work priocesses yield lognormally distributed results, reflecting a finite probability
of excursions to elevated levels wittr respect to ttre median of all measruements and, at the
same time, x limiling zero level. In the presence of a continuous background, the distribution
tends more and more to appear gaussian as the background increases relative to possible

excursions. In such cases, tha average and the geometric mean will be very similar. A third
typicat situation arises when randomly distributed events are superimposed upon an

essentially low, constant background. The particular events will appearas as outliers on the
high side of the distribution.

Continuous carbon dioxide records reflect many influences, including presence or absence of
mechanical ventilation, density of people present, and the daily course of the outdoor carbon
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Building/
location

Std. dev. Median Geom. mean Geom.

N4
Bl5
B2
cl4
Dl4
D12
El4
FR

28
15

9
8

16
29
l3
7
8

2t
10

5
7
8

13

13

6
6

25
L4

8

7
15

28
10
5
7

22
13

7
6
t4
n
9
5
7

2.2
1.8
1.9
L.7
1.6
1.6
2.5
2.5
1.9

t74
118

36
t17
56
170
181

34
40
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dioxide concentration. The lauermay vary by more ttran 100 ppm, normally with a matdmum
in the morning time and a minimum at the end of the daylight period, due to plant
photosynthesis. This variation will therefore also be influenced by weather conditions, wind,
nearby sources (heating, traffic) and plant photosynthetic activity (plant density, seasonal
cycles). The audits in this project were all conducted in the winter season, so that plant
photosynthetic activity was generally low.

Table 3 1 : Average valuc of CO , CO z ,TVOC and hst measurements in the buildings

Contaminant

[-ocation

cq
lppml

Contin. Spot

CO

lppml
Tvoc

lmg/m3]
Toluene

Dust

lmg/m3l

A: offices
supply air
outside air
adiacent

775 833

895
42C
800

<1

<1

0.16
o.2a

o _58

0.3c

0.30
B: offices

supply air
outside air
adiacent

723 622
440
375
(r2O

<1.

0.19
0.1(
0.0(

0.2s

<o.1

C: offices
supply air
outside air
adiacent

&2 5&
3A
3sc
-50c

<1
<1
<1
<1

0.32
0.31
0.36
0.39

<0.1
<0.1
<0.1
<0.1

D: offices
supply air
ouBide air
arliacent

78t 9U
400
360
9m

<1 0.4:
0.1?
0.3(
o.32

<o.1

E: offices
supply air
ouBide air
arliacent

703 689
3il
360
530

1

0

0.16
0.17
0.19
0.22

<).1

F: offices
supply air
outside air
adiacent

652 828
7U
400
890

<1
<l
<1
<1

1.82

0.st
o.42
1.98

o.u

0.28
G: offices

supply air
outside air
adiacent

703 799
6s0
4N
7m

<1

o.t2
0.07
0.03
0.11

0.2c

0.30c
[* offices

supply air
ouBide air
adiacent

7ll 712
38C

392
7tr

<1. 0.92
0.82
0.34
0.39

<o.1

<o.1

For the purpose of the present audit project, carbon dioxide monitoring is also used for
assessing the efficiency of the ventilation in controlling metabolic emissions from the persons
in the offices. Therefore, the data must be validated with respect to variation with time
incorporating predictable influences like presence or absence of personnel, but also external
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influences from outdoors or particular indoor episodes. Irvels exceeding 1500 ppm would

also be expected to cause reversible annoyance symptoms like tiredness or headaches.

In naturally ventilated buildings, more fluctuation dtring ttre day is expected. In the present

audit, this was only ttre case of building A, showing a clear drop of the concentation during

lunch break. No single par:ticular deparnre from a smooth variation was noted in the

investigated S wiss buildings.

4.3.4 GIobaI averages

Average values of contaminant concentrations are given on Table 31. Spot and average of
continuous measgrements do not provide the same CO, concentration, because this

concentration varies wittr time. The average of continuous measurements is also influenced

by the peak caused sometimes by the sensory panel. The nvo instnrments used for these

-""r*-tnts where calibrated and give the same result for the same air.

For source intensity calculation, we have taken spot measurements, which were perfonrred in

the absence of the panel, and all with the same instnrment.

Table 32: Air and mean radiant temperatures, air velocity relative lumidity and rcise larcl

weraged over thc investigated roorns in buildings.

Tair Tmrt Vair RH
iVol

22.3

11.5

19.8 0.16 34

65

offices 1.1 m
supply air
outside air

23.O r9.9 0.14 50

72

offices 1.1 m
supply air

23.r 18.9 0.09 47

8.6 70

offices 1.1 m
supply air
outside air

23.0 zL.L 0.11 36

61

offices 1.1 m
supply air

23.6 17.6 0.@ 28offices 1.1 m
supply air
outside aA

22.L 20.L 0.10 40offrces 1.1 m
supply air
outside air

23.2 20.6 0.15 33offices 1.1 m
supply air
outside air

229 19.9 0.11 42

75

offices 1.1 m
supply air
outside air
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4.4 General indoor climate
Results of thermal and noise measurements in selected offices of the buildings are given on
Table 32. lt can be seen that air temperanre is everywhere higher than the mean radiant
temperatur€, even in large open office buildings. These are well within the comfort timits for
office work with winter indoor clothing.

Air velocity may cause draft complaints in buildings A, B and G. In fact, the air movement is
judged on the average slightly higher than the best note in buildings A, B, C, and G (see
Table 23).

Noise level is within accepted limits everywhere. In most case, the noise comes from
conversations and computer keyboards. The instnrments brought by the audit team generated
much more noise tan the ambient one, therefore noise level measnrement were performed
before swirching the instruments on.

4.5 Ventilation

4.5.1 Building ventilation system
The audited buildings have various ventilation systems, as shown on Table 4. Note that the
office rooms in external part of building D have only natural ventilation.
It is clearly shown on Table 33 ttrat ventilation systems not always runs as planned. Large
differences betrreen planned and measured values were often found. Not surprising is tlr-at
buildings B and D, where a careful planning and commissioning have been performed,
present the smallest differences. Planned air flow rates are not known in building E.
Nevertheless, the fresh air flow rate per person is everywhere large enough to eliminate the
contaminants generated by occupants. This is confirmed by CO, concentrations always below
1000 ppm as shown on Table 31). Value of building D seems very low, but a large part of
ventilation, not taken into account in Table 33, is natural ventilation.

Toble 33: Planrcd and measured air flow rates in ventilation systems of audited buildings.
Note tlnt more fresh air enters building D by natural ventilation.

To compare the ventilation in buildings, it may be useful to compute the specific air flow
rate, per m2 heated floor area, as shown on Table 34. This comparison is discussed n 5.2
Ventilation performance.

A.ir flow rates A B C D E F G H
Fresh air, planned [m3lhJ
rlo, perperson [Vs]

3480C

40

6000(

n
13450C

3t
8800

11

75000

26

10000(

3J

s800c

61

Frcsh air, measured

lo, perperson [Vs]

32000

37

5400c

2i
s200(

t2

850C

11

3600c

s0

8500(

3C

6600(
23

3800c

4
Planned pulsed air [m3lh]
Measuredpulsed 1m3lhl

8700(

3900c

18000(

13000(

13450C 880(

8s0( 46000

30000c

17000c

10000c

6600c

674tr:
4000(

Planned recirculation rate

Measured recirc. rate

607o

l87o

ffi%
63Vc

0?a

>0
OVc

0Vc 22Vc

75E(

50Ec

OVa

07a

36Ec

llVc

M



NATIONAL REORT G SWITMLAND

Table 34: Specific air flow rates (in lt(s.m2) floor area) in audited buildings. Natural air flow
rates are not talccn into account inbuilding D.

Air flow rates [V(s'm2)] A B GFEDc H po
Fresh air, planned

Fresh air, measured

Planned pulsed air

Measured ptrlsed

r.3 0.8 1.0 0.2 0.6 0.7 L-4

1,.2 0.7 0.4 0.2 1.1 0.7 0.4 0.9

3.3 2.4 1.0 0.2 2.4 0.7 t.7

1.s L.7 0.4 0.2 L.4 1.3 0.4 1.0

0.8 0.4

0.7 0.4

1.6 1.1

1.0 0.6

4.5.2 Ventilation in audited offices

Tracer gas were used to measure ttre air flow entering the audited zones. Average results,

taken on att the monitored location considered as a whole, are presented on Table 35. Note

ttrat these air flow rates are not necessarily rcprcsentative of the building. The standard

deviations are those of the values in the different rooms'

Accuracy for decay measurements is determined as follows: The total error in air exchange

rate is a result oferror in concentration measurement of tracer gas Sn (10.5 ppm) and error

in recording time (l{.1 sec). This leads to a total relative eror of t S-LOVo in ttre air exchange

rate of 
" 

*pa.". The volume of a space is calculated with a relative error of 2.5Vo-

Accgracy for Cesar measurement at contant concentration is determined as follows: The total

error is calculated with a bayesian method taking account of error in concentration

measqrement of the tracers used (10.3 ppm for SF, and R1301 and t3 ppm for NrO)' of error

in inside & outside temperatures (t 1"C), of e,rror in the volume (2.57o) and of emor in the

injection rate of the traier gas. The total relative error depends on many parametersw but it
ranges anyway berween 5 and 15 Vo-

Table 35 : Specific air flow rates (per m2 floor area) in audited zortcs of the 8 buildings. 1t, is

the weragi ori, ttu investigated ffices, while ais tlv standard d.qiation between these

office rooms..

Building Floor area [m2]
olL

Supply tV(s.mP)l
lLo lL

Infrltration tV(s.mP)l
o p

Adjacent tV(s.d)I
(f

A
B
C
D
E
F
G

396
729

t24A
L7

19

36

25

327

622

10

4

t3
0

0.00 0.00

1.70 0.17

0.55 0.03

L.zA 0.33

2.58 0.07

3.8s 0.15

2.86 0.34

0.03 0.02

0.00 0.00

0.00 0.00

0.00 0.02

0.00 0.01

0.00 0.01

0.00 0.01

0.06 0.03

0.00 0.00

o.o2 0.01

2.7r t.32

1.04 0.04

L.n 0.13

1,.27 0.58

H 3148 10.11 0.28 0.00 0.01 0.04 0.0(
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4.6 Weather conditions
As shown on Table 36, weather was overcast during most audits. It was cold but sunny for
building D, and variable (overcast with some sun) for building E. Except for buildings A and
C, the wind speed was low, and therefore no wind direction can be given.

Table 36: Weather conditiow during the audit day.

Weather conditions A B C D E F G H
Description Cloudy,

windv
Overcast Overcast Sunny Variable Overcast Overcast Rainy

Weather station Bern Ziiicl SMA Wiidenswil Pullv LESO
femperanue (oC)

060G,1200
120G18m

10.1
9.3

7.1
8.3

4.0
4.3

-o.2
4.0

2.4
4.5

0.3
1.6

0.6
2.9

7.6
8.9

Relative humidity(7o)
0600-120c
1200-180c

69
62

92
89

85
66

89
72

70
69

84
80

77
72

94
86

Wind speed (m/s)
Wind direction (from)

9.3
West

2.3 7.4
West

0.8 0.6 0.6 1.6 0.1

4.7 Energy consumption

Tableau 37 energy consntnption of invesrtgated buildings

Note that most recent buildings, i.e. buildings B and D, use much less energy than older ones.
This is the effect of new, energy conscious design knowledge and regulations. These nrro
buildings only comply with Swiss SIA 380/1 recommendation which, for office buildings,
limits the heating enerry index to about 385 MI/m2. The average heating index for the
existing Swiss building stock is 700 Mllfr.

4.8 Miscellaneous

4.8.1 Multigas sensor

Three semiconductor multigas sensors were placed a few days before and removed a few days
after the audit day, in order to record some information on the indoor air during about a week.
These recordings, which are shown in the appendices for each building, were very useful to
ensure that ilre audit day was a normal working day. kr all audited buildings, the temperaftre,
humidity and multigas sensor recordings followed similar schedules on the audit day and on
neighbouring days.

4.8.2 Ion concentration

Average ion concentrations in audited buildings are given on Table 38. Measurements were
not performed in building A. Effects of ions on healttr is not yet well known. It is however

Annual energv use A HGFEDCB Clt'
Heating index [MJ/m2]
Electric index [MI/m2]
Enercv Index [MI/m2'l

t'238 318 1',001 395 509 1'0@ 7gL 879

612 567 949 448 622 49t 409 r2r
1'850 985 1950 933 1'130 1'500 1'200 1'000

76 33C

5n 234

l'294 428
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sometimes argued ttrat a ration for negative ions concentration to positive ions concentration
equal to 3:1 is required for well-being.

Table 38: Ion concentrc$ions in audited buildings. Measwements were perfomud in sarcral
locatioru.

Buildins
+ Ions/cm3

Average Ma:L Min.
- Iong/s6a

Average MCIL Min.
B

C

D

E

F
G

H

233 s37 66

481 933 t74
572 1'010 197

183 32r 60

288 Ms 62

170 4t t4
221 3',472 54

84

136

162

29

30

7

9

423

743

979
284
261
L67

L7l

226
526

543

t28
t52
52

69

What was noticed is that ion concentration is generally very low and much unstable. In most
buildings, most buildings, average concentration in positive and negative ions are about the
saure. The 3:1 ratio is observed only in buildings G and H, but the absolute values of
concentrations are low anyway.

In building B, one of the trno audited zones is equipped with Benta;r ionisers. Measurement
have shown that the so-called ionised zone does not present a higher concentation than the
non ionised zone. Moreover, the ionised zone prcsented an excess of positive ions during the
measurements, while the other zone was neutral.
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5. DlscussroN
This chapter sumru[ises the deductions which can be obtained from data measured in
Switzerland- Several of them are not country-dependent, and safer conclusions will be drawn
from the whole European Database.

5.1 Questionnaire - sensory measurements
The main output from questionnaire is the Building Sympom Index. As shown in 6.1.1., there
is not much difference benveen the various ways of determining the BSI (severity or
frequency sca1e, audit day or last month p€riod). Therefore, in the following considerations,
only the BSI'. will be used-

0246810
Decipol

Figure 18: Compaison between Building Synptom Inder, and sensory polltuion load.

Figure 18 strows that there is no obvious relationship betrreen sensory pollution load as
judged by the trained panel and building rrelated slmptorns of occupants. Figure 19 also
shows no relation betrreen sensory pollution load and subjective opinions of the occupants on
indoor air acceptability, air freshness-stuffiness or presence of odour.

5

4

o2

Aa
AZ

I

0

()
o
.A

.tlq
o
L)o

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

E
a

Y
tHr

I
t

x
(

x indoor air acc.

o air stuffyness

o air odour

Sensory panel tdecipo[

Figure 19: Compaison of occupant's opinion on indoor air quality and. sensory evaluation
of the trainedparcl.
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5.2 Ventilation performance
Since there is no other CQ source than occupants in the audited buildings, CQ concentration
is a good measure of the fresh air flow rate per person: the lower the concentration, the higher
the fresh air flow rate. Figure 20 compares BSI to carbon gas concentration and to fresh air
flow rate per working place (whole building). From this figure, it could be deduced that
occupants feel better when they are less ventilated!. However, the apparent correlation is not
statistically significant, and this is surely not true. However, it can be deduced ttrat:
o the CO, concentration does not overpass the limits usually accepted in office buildings,

hence the fresh air flow rate perperson is everywhere sufficient to eliminate CQ
. high ventilation levels do not make people feel healthier.

In other words, perceived health does not depend only on ventilation rate per person, and it is
ceruinly possible to save energy by lowering the ventilation rate, provided that other
conditions to make occupant healthy are fulfilled.

600 7N 800

Carbongas [ppm] lUs'pers.I

Figure 20: Building symptorn index compared to carbon gcts concentration and to fresh air
sttpply per person.

It is interesting to compare planned and measured air flow rates in ventilation systerrs.
Measurements in ventilation systenrs were not in the minimum requirements of the project,
and were performed in second priority. Therefore, some air handling units were not measured
(in buildings B, C, F and G), and in some cases, there was not enough time to check doubdul
results (building C). However, it results clearly from these measurements that air handling
units seldom functions as planned.

Figure 21: Airflov, rates per squte meter in I buildings, as planrud and as measured in the
ventilation systerns.

5

4

o?
-0

fr2

5

4

o26J

Aqaz

3.5

€ 3.0

* z-s
d

; 2.0
oE 1.5

t r.o

< 0.5

0.0

3.5

E 3.0

* ,.t

E,OE 1.5

d ,.0

{ o.s

0.0

P}anned air flow rates

ABCDEFGH

Measured air flow rates

ABCDEFGH
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Figure 21 shows the comparison. The fit is good for fresh air flow rates in buildings A, B, D
and F, but it should be said that except for building D, this good fit results from a

compensation of two mismatches: effective lower pulsed air flow rate and lower recirculation
rate than planned. This results confirms that a careful commissioning cannot be avoided.

5.3 Sensory/chemical pollution load
Since many volatile organic compounds have an odour, there could be a correlation benveen

the chemical pollution load measured by total VOC concentration, and perceived air quality.
Figure 22 shows this comparison, and a possible correlation could be seen. The correlation
coeffrcient does however not significantly differ from zero. It is however possible that the
same diagram, based on all the buildings audited in Europe, could provide a somewhat
different result.

2000

1500

1000

500

0

Perceived air quality [decipol]

Figure 22: Compaison between nnl vobrtle organic compottnds, as measured by
adsorption and GC-FID ana$sis, and sensory load as judged by the panel. HighTVOC vahrc
is for building F, in which sonu offrces (not talcen in tlu audit) were fresh painted a d.ay

before audit.

Pollution load can be calculated by using contaminant conservation equations together with
contaminant concentrations and air flow rate mea$rrements to detennine the zone in which
the sources are (see Audit Manual). Table 39 is ttre result of such a calculation applied to
sensory pollution. An anempt is made to distinguish betrileen sources in supply air, from
tobacco smoke and occupants. The latter two can be estimated with a reasonable accuracy

when the number of occupants and the percentage of smokers is known. We have noted that
most CO analysers are not sensitive enough to obtain the trace CO concentration with a good

accuracy. Therefore, the number of smoked cigarettesArour cannot be determined this way.

Source from ventilation and source intensity in the room present very large confidence
intervals. This results not only from uncertainties in decipol values and air flow rates, which
are r€asonable, but from the system of equations, which are ill-conditioned. In particular,

there are, in these equations, small differences of relatively large concentrations. For all these

l€asons, interpretations of the following results should be taken with care.

The source intensity in offices varies considerably from one building to another. Buildings D,
F,. G and H have their values over the average, but the figure does not diffEr significantly
from zero in buildings A, C, E, F and H. Remember that, in building A, ventilation was

switched off (by mistake) during the audit.

d
(l)
(l)

q)

oF

b
Uo
F
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In buildings wittr recirculation, that is in buildings B, E, and F, as well as in offices equipped

with induJtion units (E, F, G and H) it is difficult to distinguish benveen pollution generated

in offices from that coming from ventilation system. This is because the air supplied to the

office is a mixture of fresh and of recirculated air.

Table j9: Sercory polhttionload in ffices, computedfrom sensory aruhtarton artdmeasured

airflow rates.

As shown in Table 40, there is in most case a good fit berween number of working places and

Carbon dioxide concentrations. The misfits in building A comes from the fact ttrat most

employees were out of office on the audit day. In building E, the recirculation of air and the

faci ttrat a part of the audited zone was open to ttre rest of the building intnoduces some

confusion in the identity of CO, sources. Obviously, CQ for occupants out of the audited

zone was entering it. Misfit in building H is not explained yet.

Table 40: COrsource intensity comparedwith rutmber of working places.

5.4 Identification Pollution sources

Several ways can be used to identify pollution sonrces. The effectiveness of each method

depends on the contaminant itself and on ttre possible sonrces.

We already have seen that it is difficult, from ventilation measurements and chemical or

sensory analysis, to locate the sources. In ttris case, the cheapest way to localise some sources

are the check list and the comments from panel and occupants.

Occupants were everywhere the smallest source of odours. Smokers are wittrout doubt a large

sorrcl of odours in buildings where it is allowed to smoke. Tobacco smoke alone can

however not explain the sensory load in offices-

In building C, it was allowed o smoke only in the atrium or in the office rcorns after 16:30 h.

Since smoke spreads trough doors into offrce rcoErs and odours adsorbs in furninre and

carpets, the pollution was finalty not very different in office rooms (offrcially non smoking)

PoUutionloadtolf/m2l A B C D E F G Il I,L a

lrea of audited offices 396 4'376 2'480 86 llz 181 149 28:
ln offices

uncertainty
Frcm supply air

uncertainty
From smokers

uncertainty
Occupans

uncertainty
Other sources

uncertaintv

-a.02 0.42 0.11 0.81 0.36 0.91 0.84 0.65

0.16 0.2A 0.1s 0.60 0.38 1.08 0.s2 1.29

0.00 -0.18 0.20 0.33 0.16 -0.07 0.34 r.29
0.00 0.t7 0.13 0.19 0.17 0.58 0.25 t.L4
0.M 0.15 0.00 0.15 0.06 0.09 0.09 0.11

0.00 0.02 0.00 0.07 0.01 0.02 0.04 0.06

0.0s 0.06 0.04 0.08 0.0s 0.08 0.07 0.0s

0.00 0.01 0.00 0.04 0.01 0.02 0.03 0.03

-0.11 0.2t 0.07 0.58 0.25 0.74 0.67 0.50

0.16 0.20 0.15 0.61 0.38 1.08 0.52 129

0.51 0.35
0.55 0.43
0.26 0.46
0.33 437
0.09 0.05
0.03 0.03
0.06 0.02
0.02 0.01
0.36 0.3C

0.55 0.43

PollutionloadVft.mz)l A B C D E F G Il It o

Carbon dioxide
uncertaintv

0.10 1.10 0.82 2.Ot 3.U 1.60 1.61 9.10

0.05 0.16 0.08 a.72 0.16 0.36 0.58 !.49

2.45 2.84

0.31 0.4

corresponding to

uncertainty
Workins olaces/m2

0.01 0.06 0.05 0.11 0.18 0.09 0.09 0.51

0.00 0.01 0.00 0.04 0.01 0.02 0.03 0.03

0.05 0.06 0.04 0.08 0.05 0.08 0.07 Q,05

0.14 0.16

0.02 0.01

0.05 0.02
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and atrium. This shows that no smoking policy should be applied very strictly to obtain
positive results.

Other sources identified from comments are:
o a "new" carpet (2 years old) installed in building A, which was still emitting odours;
o unidentifiable mixture of many odours in the large open office in building B;
o cafeteria and corridor smokers in building C;
. new paintings in building F, even with work sopped for the audit day;
o cooking odours in building G.

5.5 Energy consumption
It was already said ttrat the energy consumption of recent buildings, built according to new
standards, use much less heating energy, and a little less electric energy, than older buildings.
An interesting question is to relate energy consumption to ventilation and to occupants health.
On Figure 23 aad Figure 24, one can hardly see any relationship berween air flow rates and
energy index. This does not mean that ventilation does not use energy, but that the noise,
coming from the many other ways to qpill energy, is much larger than the energy required for
ventilation. A careful energetic analysis of each building, to determine the energyused for
ventilation, could provide a better image. This was however not planned within this project.
The conclusion which could be drawn is that it is possible to ventilate buildings without a
significant increase of energy consumption of the building.

x Fresh air, measured

o Plannedpulsed air

I lvleasuedpulsed

500 l'000 1500 2000

Energy index [MJlmz]

Figure 23: Encrgy inda andairflow rates per sqwremeterfloor area.
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Figure 24: Relation between erurgy index, and fresh air flow rctte per person. No obvions
correlation qpears.

Figtre 25 compares the BSI with the energy index. The absence of any comelation is not
surprising. It confirms that it is not necessary to use energy consuming equipment to make
occupants healthy.

500 1000 1500 2000

EnerryIndex [MJ/m{

Figure 25: Relation between Building Symptom Indcx and ercrgy infur.
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6. CONCLUSIONS aITo RECOMMEhIDATIONS

6.1 IAQ assessment procedures
The applied IAQ assessment procedures are discussed for Switzerland and recommendations
are given with respect to adjusment of the procedures or other procedures to be used.

6.1.1 Questionnaire
The questionnaire is without doubt a powerful tool for building analysis. Since buildings are
(or at least should) first being built for the occupants, their opinion and health is of prime
interest.

It seems however, after this first experiment, that the questionnaire can be shortened. The
interpretation of data can also be greatly simplified by using only rwo correction factors and
one tylre of BSI.

In the manual, corection factors are proposed for each population group, when this
population is divided in occupation tlpe and sex. With 4 occupation qpes, we get this way 8
correction factors per BSI, hence 32 correction factors per building.. On Figure 26, it can be
seen that these factors depend much more on sex than on occupation qpe. Moreover, they do
not depend much on the base used to compute the BSI's. It is hence proposed to limit the
correction to the sexual effects.

-o- BSIfs
- - +. -BSIf

-f-BSIss
-O-BSId

Figure 26: Conection factors refening to female clerical, for each fraction of occupants,
sorted by sex and. occupation.

Figure Z7 compares the four BSI's (full and short symptom list" severity and frequency scale).
There are obvious correlations betrreen them. It seems therefore possible to shorten the
questionnaire by eliminating one list of questions (either concerning last month or today), and
possibly to retain only a short list of questions. Several persons and one building rnanagement
complained for the length of the questionnaire.
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o
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tr Last month
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rff

Short list

2

Last month

Figttre 27: Comparison between tlu fottr conected Building Synpnm ltr.dcxes.

Since this study showed no relation bet'ween BSI and ventilation rates or energy, but, for
example , a clear relation with environmental aspects (see 6.4, Ventilation and occupants

health) questions concerning the work environment (E.G. are you satisfied with your job?)

would be of great interest, in particular to separate the effects of such dissatisfactions from

other energetic or ventilation effects. Such a question was planned" but deleted on request of
some participants. We think that this was a mistake.

In test runs with students, we have eventually chosen to place the questionnaires in envelopes,

wittr a sticker to be frlled in by the investigating team containig survey and building ID, date,

questionnaire #, floor, room and orientation of outside wall. Respondents were asked to seal

the filled questionnaire in the envelope and leave the latter in a conspicuous place at their

desk to be collected by members of the investigating team.

In order to save reading time, questions 81 through B12 and Dl ttrough D12 could be stated

once each only and the answers laid out in table format Qegends as column headings, 1 line
per question/answer cluster). Sections B and D can then both be compacted on only 1 page

each, making ttre questionnairc look less considerable.

It is desirable to instnrct respondents to fiIl in or tick appropriate boxes throughout and to

avoid nriting "yes" or "no" in answer boxes, ambiguous yeyno answers may result if people

bar the inappropriate answer.

6.1.2 Measurement of ventilation rates

Figgre 28 compares the number of persons calculated from ventilation rates and carbon gas

concentrations to number of working places. For buildings B, C, D, F, and G, there is a good

fit. That means that when the number of occupans in a well defined zone is known, fresh air
flow rate can be deduced from CO, concentration. This is valid in any building without other

CO, source (no fire, no other aerobic digestion). Misfits for other buildings come either from

the-absence of occupants (building A) or uncertainties in ventilated zone definition (building

E). Misfit in building H is however not explained.

This means that the global fresh air flow rate of an office building can be assessed by

measuring CO, concentrations in air handling units, at air inleB and exhaust, provided that the

number of peison in ttre building is known. In office buildings, the difference in CO,

concentration berween building air exhaust and building air inlet can provide a good estimate

of the average fresh air flow rate per person, as far as a quasi-setady state is reached.

Except the PFT technique, tracer gas measurement of air flow rates are complex and

expensive. Since they seldom allowed to assess ttre local contaminant souce stlen$hs with a
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good enough confidence, it is propsed to replace them, in the audit procedure, by the Ce
method.

0.2

0.0

Figure 28: Compaisons of tle rutmber of persow per m2 floor area obtained frorn air flow
rates andCO, corrcentrations withtlw nuntber of working places.

6.1.3 Air flow rates in air handling units
The use of tracer gas with constant injection rate in AIIU allows the determination of all air
flow rates in these units, including rrecirculation ratio and detection of unexpected shortcuts
(see Roulet and Foradini, 1994). These measnrements are relatively simple and also provide
indication of ventilation rate and efficiency for the whole building. It is therefore proposed tio
add such measurements to the audit procedure.

6.2 Yentilation and Source control
The intensities of odour sources in buildings was surprisingly high, and only a small part of
these sources comes from the occupants. However, not much can be said on the sources
themselves, because first source identification is a huge work, and second, the audit method
chosen provides the sources intensities (wittr however very large confidence intervals) but
does not allow a clear identification of sources.

From a statistical point of view, the largest contaminant concentrations are not found in
buildings with small fresh air flow rates, and, at the contrary, the smallest concentration are
not found in highly ventilated ofEces. This confirms that ventilation rate is not the good way
to control sonrces.

6.3 Ventilation and Energy consumption
It was alrcady said in 5.5, Energy consumption, that no obvious relation is found berween
energ'y consumption and ventilation rate. This does not mean that ventilation does use no
energy, but that it is not necessary to use much energy to ventilate a building properly.
The example of building D, which prcsent the lowest BSI, the lowest energy index, a low
mechanical air flow rate added to natural ventilation shows ttrat is possible to plan and build
office space where people feel happy, wiilrout using much encrgy. It should be sai{ however,

t.2
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0.8

0.6

0.4

f Persons fromCO2

EWo*ingplaces
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that ttre ventilation englneer is a smart and skilled man, who took great care to integrate a

good system in co-ordination with the architect and the owner.

6.4 Ventilation and occupants health

A fine relation is shown on Figure 29, where it can be seen ttrat people allowed to open the

windows feel much beuer that occupants of sealed buildings. If this relation is confrrmed in
other countries, and in order to improve productivity at work and to cut down health costs, we

recommend to allow window openings wherever it is possible. The only reason to close

windows in most mechanically ventilated buildings is that the planning work is made simpler.

It does not seem to us that this is a good reason.

20% 4ff/o 6V/o 8A%

People opening the window

Figure 29: Relation between BSI and tle possibility of opening windows.
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7. LIST OF SYMBOLS
Symbol Designation

C concentration

S source strength

O airflowrate
e measurementeroronavariable

P" average value of a variable in a population
(, standard deviation of a variable in a population

Units

k/kg sPlsP
kg/s m3ls

kgls m3/s

Indices

1,2, ,. Meastrrement location in a building or in a ventilation system

A,8,.. Building numberorinjection location in aventilation system

C related to concentration

e extract air
d exhaustair

i infiltration
o outdoor, reference value

p pulsed air

O relatedto airflowrate
r recirculation

S related to source strenght

x exfiltration
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9. APPENDICES

Checklist and other documents
The checklist provided in Audit manual was used by the audit team only and was therefore
not translated.

However, several documents have been prepared for this audit, which are given in this annex.
These are:

o Letters sent to the building uranagement to prepare ttre audit
o Program presentation prepared for the building manageurent, in French, German and

English.

o Explanations on the way data were handled in Switzerland using EXCEL worksheets

o Standard H(CEL worksheet ccbDATJ(LS - Instnrctions for use

Questionnaires
in English, French and German

Detailed building data
for buildings A to H.
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tTB lnstitut de Technique du Biltiment MOnSieuf
Laboratoire d'hnergie solaire et <<Pr6nomContacb> <<Contacb>

de Physique du bAtimenl ..Adr6ontact>
BAtment LESOEcublens
CH-1015 Lausarne

< NPlContacb> << VilleContacb)
TAephdE (021) dB 45 57

Tet6tax (021) 693 27 2

Affaire traitae par Claude-Alain Roulet

Lausanne, le 5 ao0t 1994

Concerne: Bdtiments tests pour un projet de recherche

Monsieur <(Nomcontacb),

La Suisse participe au projet de recherche de la Commission des Communaut6s Europeennes

nomm6 Joule II - Enqu€te sur la qualite de l'air intdrieur. Ce projet a pour but d'examiner

cinq bitiments de bureau dans 10 pays diff6rents d'Europe, afin d'obtenir des donn6es sur
l'6tat actuel de la qualit6 de I'air et de la ventilation, en liaison avec la consommation

d'6nergie dans ce type de b0tirnents.

ks organisations Suisses suivantes participent i ce projet:
. EPFL, LESO-PB, qui coordonne les travaux
. Universit6 de Lausanne, Institut de M6decine et d'Hygidne du Travail
. ETH Zurich,Institut d'Hygidne et de Physiologie du Travail
. Sulzer-Infra

Dans ce cadre, nous cherchons donc 5 b0timents situ6s en Suisse, qui dewaient avoir les

propri6t6s zuivantes:
. bdtiment de bureaux
. au moins 200 employ6s
. ventilation nafirrelle ou m6canique
. installations accessibles
. consommation d'6nergie des derniEres ann6es connue
. la (ou des) soci6t6 occupant les bureaux doivent accepter les perturbations caus6es par

les mesures et une visite pr6liminaire avec discussion, notamment avec les

responsables des installations techniques.



Page2
Bitimens tests pour un projet de recherche

L'examen a lieu pendant un jour ouvrable, et 6ventuellement pendant une pEriode sans

occ-upation. Il sera effectu6 par une 6quipe de 12 i 15 personnes. Il comprend notamment les
mesures suivantes:

. examen du bdtiment et de son installation de ventilation (check-list),

. relev6 des consommations d'6nergie,

. questionnaire distribu6 au persorurel concernant le confort et la qualit6 de I'air
ressentis,

. mesures des d6bits d'air dans I'installation de ventilation,

. mesur€, dans 5 burearur ordinaires ou 2 bureau,x paysage, de la concentration de I'air
erL gucarbonique, en vapeur d'eau, et en compos6s organiques volatils, ainsi que
mesure de la qualit6 olfactive de l'air, du confon thermique, du niveau de bruit et de
I'eclairage.

I-es r6sultats seront trait6s de manidre confidentielle, et seront publi6s de rnanidre que le
propri6taire et l'occupant du bdtiment ne puissent pas 6tre reconnus. k propri6taire du
bitiment et la direction de la soci6t6 qui l'occupent auront droit en primeur aur r6sultats. Ils
pourront utiliser ces r6sultats pour am6liorer, si besoin est,les performances du b0timent.
Nous serons i leur disposition pour les aider dans l'inteqpr6tation de ces r6sultats.

En esp6rant que vous disposez d'un bdtiment susceptible de faire l'objet d'une telle 6tude, et

dans I'attente de vos nouvelles, je vous prie d'agr6er, Messieurs, mes salutations les

meilleures.

Dr. Claude-Alain Roulet



Project planning.

In a first step, the audit methods and planning, to be

followed by each participating institution, was established.

A pilot study, which was performed in Denmark, allowed
the participants to test and to improve the audit method.

Then, a multi disciplinary audit team, comprising
speciatist of measurement techniques and a panel judgmg

the olfactive quality of air is prepared and trained. The

audits will be performed in February and March 1993.

Finally the results will be interpreted and reported.

EPFL - Solan E}TSRCY.INO BUN.OING PI{Y$CS ITESEARCH LABORATORY

EunOppAN AUDIT PROJECT TO OprnvrtSE INDOOn Am QUaurr AND

ETVCNCY COXSIiPTTU ON OFFICE BUILDINGS
SHont PRESENTATIoN

General objectives of the project

The research project was initiated by the Commission, of European Communities. IB general objective is to
improve the knowledge on indoor air quality in relationstrip with enerry consumption in large office buildings.

Seven countries of the European Community and three EFTA countries participate to this project. To gain

knowledge, it is planned to investigate 6 buildings in each cormtry, that is a total of about 54 buildings in Europe.

The audited build.ings strould represent, as well as possible, the office building stock in each country. They are in

any case not selected because they have problems.

The following resulB are expected from that research project:

E 
" "o*rnor, 

European method to investigate indoor air quality in office buildings ;

@ a database containing measurement results and statistical interpretation, and which will present an image of the

present state of indoor air quality and comfort conditions in office buildings;

d guiaance for planning and maintenance of ventilation systerns and buildings, for obtaining an efficient

ventilation and a good control of contaminant sources.
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TVhat will be examined?

The audit will concern the building itself and its technical equipmenq in particular its ventilation system, the

option of the occupants on the comfort and health condition, the thermal comfort, the lighting and noise level in

some office roorns. The indoor air quality will be examined as well for is olfactive or sensory aspect as for iB
chemical composition. All this audit will be performed in less than a day, in order to obtain synchronors

information all concerning the same working conditions, without perturbing too much the work in the visited firm.

M General overwiew of the building and its equipment.

Important characteristics of each building will be assessed during a technical suffey rsing a check list. A part of
these data are obtained during a preliminary visif Important data are, for example, the yearly energ7 consumption
(oil, electricity, gas, districr heat, etc.) or the date of the las maintenance of the ventilation system.

ts Questionnaire to officers

A questionnaire is distributed to about 150 officers, at a given time, and collected back one hor:r later. This

anonymous questionnaire contains questions on the well-being of the employees, on possible physiological

symptoms he feels now and during the last month, and on some characteristics of his working place. This

questionnaire should be filled up in less than 15 minutes. They will be interpreted in a confidential way, and only

statistical results will be published.

E[ Working conditions in some office rooms.

Some office roons, or only one large open office, are selected druing the preliminary visit for more measurements,

which are described below. These office rooms should be represantative of the rooms occupied by the employees

answering the questionnaire, and should not present major measurement difficulties.

lvftthodology

Pibtstttdy

Audit
prce@tion

Audit

REport
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@ Thermal comfort Air and radiant temperatures are measured, as well as air moisture and air speed at some
working places. These data will be compared to the opinion on comfort conditions the employees may have.

E trluminance and noise level : simple measurements at workhg places will be performed. Illuminance will be

measured at table level from the window to the opposite wall.

@ Seruory assessment of air qrralily: A trained panel of 10 to 12 "noses" judge the concentration of bad odours
in the air and orpress it directly in Pol. This unit corresponds to the odour load of one average person diluted in
an air flow of one litre per second. During this measurement, the panel should be allowed to refresh by inhaling
outdoor air either by going ouq or in a neighbouring room with open windows.

I Ctremicat analysis: Concentrations in carbon gas (normally generated by occupants), in carbon monoxide
(coming from tobacco smoke) and volatile organic compormds (paint or glue solvents) are measured at some
poin6. Dust concentration will be also assessed. The scope of these measurements is to check a possible
relation between the well being of the occupants and the absence of such chemicals.

F-Ventilation measurements: ln order to obtain the contaminant source strength form the contaminant
concentration, it is necessary to determine the rate at which fresh air is introduced in each room. These air flow
rates are measured either with air flow meters or with harmless and odoudess tracer gases at very low
concentrations.

What is expected form the staffand from the employees?

Measurements are made possible only if the measuringtean, about 20 people, can invade the building at about 8
AM and walk through freely during one day. Most of the measurements will be performed between 2 and 4 N,l,
and the tefir will leave the building before 6 AM.

The support of the Direction and the collaboration of the personal are necessary for the correct filling of the
questionnaires. This will require between 10 and 20 minutes of the time of about 150 people.

An interview of one to two hours with the technical staff allows one to get aruiweni concerning the energT

consrmption andthe characteristics of the IIVAC systems.

What does the company get back from such a surrey?

The results of each visit are presented first to the company, as soon as they are interpreted. However, nobody,
except the interpreting staff, will see the individual questionnaires.

The project management is ready to help the company to understand the resuls and could give to improve the
working conditiors if necessary. The results could also demonstrate that the measured conditiorx comply with the
presently accepted standards.

Results will be publistred in an anonymou:i way. However, if it is the wistt of the company, its name can be
associated with the resulB.

June lst, 1993 C.-A. Roulet
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Pnorpt EURoPEEN DE REcHERcHES JoTJLE II
Quartre DE L'AIR II{TERIETIR

BnEw rnEsBNtltttoN

But g6n6ral du projet

Le projet, initi6 par la Commission des Commr:natrt6s Europ6ennes, a pour objet d'am6lioler les connaissances

concernant ta quatte de l'air en relation avec la corsommation d'6nergie dans les gands bdtiments administratifs'

Sept pays de la communaut6 europ6enne et trois pays de IOCDE, dont la Suisse, participent i ce projet. Dans ce

fui, ii est p.evu d'examiner une demi-do uzarne de Uatimena par pays, soit un total de 54 bitiments en Er:rope' Les

bitiments examin6s doivent autant que possible 6tre repr6sentatifs de l'ensemble des immeubles de bureaux. Ils ne

sont en aucun czts s6lectionn6s parce qu'ils pr6sentent des problEmes.

On attend de ce projet de recherche les r6sultats suivants:

E une proc6dure europ6enne commune pour l'examen de la qualit6 de l'ak int6rieur darls les bitiments de

bureaux;
@ une banque de dorur6es contenant les mesures effectu6es et des interpr6tations statistiques pr6sentant une image

de l6tat actuel de la qualit6 de l'air et des conditions de confort dans les bureaux;

d des conseils pour la planification et I'entretien des installations de ventilation et des bdtiments, pour une

ventilation efficace 
"t 

*, bor, contr6le des sources de pollution que l'on aura pu tirer des connaissances

acquises.

D6roulement du projet.

En premier lieu, une m6thodologie et un plan de

mesures, qui sera suivi dans chaque pays

participant, sont 6tablis. Une 6tude pilote, qui a 6t6

effectu6e au Danemark, a permis de tester la
m6thode d'examen. Ensuite, L'6quipe

fi92 (E.8 1293 $v 01.95

I

ffi
Erffiin

Methodologie

Eudepilote

multidisciplinaire d'examen, qui comprend des pdoratbn
sp6cialistes de la mesure et une 6quipe de -'-E-- -

qualification olfactive de l'air est preparee et Balens
entrdin6e. L'examen des bitiments aura lieu entre

f6wier et mars 1994. Enfin, les rEsultats seront Rryort
interP€t6s et publi6s.

Qu'est-ce qui sera examin6?

Les points examin6s concernent le bitiment et ses installatiors techniques, le bien €tre ressenti par le persorrnel de

bureau, le confort thermique, l'6clairage et le niveau de bruit dans quelques bureaux. La qualit6 de I'air est

examin6e tant du point de'vue olfactif que du point de we chimique. Tous ces examens sont effectu6s durant un

seul jo,r, pour obtenir des informations qui toncernent des conditions de travail dorur6es sarB toutefois troP

perturber le fonctionnement de l'entreprise visitee.

4/ Inspection g6n6rale du bitiment et de ses installations.

Les donn6es caract6risant chaque bitiment seront acquises par une inspection en utilisurt une liste de controle.

Une partie de ces donn6es est acquise lors de la visite prefiminaire. Parmi les questiors importantes, notons la date

du dernier entretien de I'irstallation de ventilation (lavage, changement des filtres) et la consommation annuelle de

vecteurs 6nerg6tiques (mazout, gaz, chaleur i distance, 6lectricit6, etc.)

B Questionnaire au personnel

Un questionnaire est distribu6 i 150 employ6s au moins i une heure donn6e, et r6cuPer6 une heure aprds' Ce

quesiiorrnaire anonyme porte sur le bien €te subjectif ressenti par l'employe, sur des sympt6mes physiologiques

qu,il pounait ressentir ou avoir ressenti pendant le dernier mois, et sur les caract6ristiques de sa place de travail Ce

q,r*tioro'uir" est 6tudi6 pour pouvoir €tre remploi en moins de 15 minutes. Les questionnaires individuels seront

truit6r d" fuqon confidentielle et seuls les resultaS statistiques seront publies.
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El Conditions de travail dars quelques burcaux.

Quelques bureaux,.6ventuellement un seul bureau paysage, sont s6lectiorur6s pendant la visite pr€liminaire polr
des examens plus approfondi", qui sont d6crits ci-dessous. Ces bureaux dewaient 6re repr6sentatifs des buriaux
occup6s par les Penionnes interrog6es et ne pas pr6senter de difficult6s majeures pour les mesures.

@ Mesures concenrant le confort On mesure la temp6rature de l'air, la temp,6rature radiante, l'humidit6 et la
vitesse de I'air i quelques places de travail. Ces donn6es peuvent 6tre compar6es i I'opinion que les employes
ont de leur confort.

E Des mesures sommaires sont pr6vues pour quantifier l'6clairement et le niveau de bruit i la place de travail.
L'6clairement est mesur6 i hauteur de table le long d'une ligne allant d'une fenOtre au mur oppos6.

@ Evaluation olfactive de lia qualit6 de I'ain Une 6quipe de 10 i 12 "nez", entrain6s, jugent la charge de l'air en
odeurs d6sagr6ables et I'expriment directement en Pol. Le Pol correspond i la charge odorante de une personne
moyenne diluee dans courant d'air de I litre par seconde. Pendant les mesures, cette equipe doit pouvoir se
r1gilnbret en respirant de l'air ext6rieur au bitiment, soit en sortant, soit en rejoigrrant un local avec fendtres
ouvertes.

I Compos5s chimiques divers: Les concentrations en gaz carbonique (normalement g6n6r6 par les occupants),
en monoryde de carbone (provenant notamment de la fumee de tabac) et en composes organiques volatils
(solvants de peintr.re, de colles) seront mesur6es en certains points. On mesurera aussi la quantit6 dL poussidres
pr6sentes. On d6sie examiner s'il y a une relation entre le bien 6tre des occupanB et l'absence de ces compos6s.

F Mes,r"es concernant la ventilation: Afin de d6duire l'importance des sources de pollution i partir des
concentratioru; mesurees, il est n6cessaire de d6terminer le d6bit d'air frais amen6 dans chaque bureau. Ces
d6bits sont mesur6s en utilisant des gaz traceurs totalement inodores et inoffensifs aux concentrations utilisees.

Quelle participation attend-on de la direction et du personnel?

Les mesures ne sont possibles que si l'{uipe de mesure, comprenant environ 20 personnes, peut p6n6trer dans le
bdtiment vers 8 h du matin et s'y d6placer librement pendant un jour. L'essentiel des mesures est effectu6 I'aprds
midi, entre 14 et 76 heures et les lieux sont totalement liberfs avant 18 heures.

L'approbation de la direction et la collaboration du personnel sont n6cessaires au remplissage correct des
questionnaires. Celui-ci necessite enre 10 et 20 minutes du temps d'environ 150 employ6s.

Une entrewe d'une heure ou deux avec les responsables techniques permet en g6n6ral de r6pondre arx questions
concernant la"consommation d'6nergie, les irstallations de ventilation et I'entretien.

L'equrye de "nez" a besoin d'un endroit bien a6r6 naturellement pour r6g6n6rer l'odoral Cet endroit doit se trouver
prEs des locatx examin6s (moirrs de 30 mdtres, au m€me €tage). De plu, le mat6riel de mesure peut occuper un
peu de place dars les bureau:r ou les couloirs.

L'organisation du travail est grandement simplifi6e si l'6quipe de mesure peut utiliser le restaurant d'entreprise pour
le lunch.

Que peut retirer I'entreprise d'un tel examen?

Les dsultats de chaque visite sont pr6sent6s en primeur i I'entreprise, dEs qu'ils sont interp€tes. Par contrg aucune
personne en dehors du personnel interpr6tant les questionnaires n'aura accEs arr:t questionnaires individuels.

La direction de projet est p€te i aider l'entreprise i comprendre les r6sultats obtenus et i en tirer des
renseignemenB utiles i l'am6lioration des conditions de travail si besoin est. Ces r6sultats peuvent aussi d6monter
que les conditions mesrr6es sont conformes au( normes actuellernent admises.

I-es resultats sont publi6s de
r6sultats qui la concernent.

17 mai1993

manidre anonyme. Toutefois, si l'entreprise le d6sire, son nom sera associ6 arx

C.-A. Roulet
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Europiiisches Wissenschaftsprojekt - Joule II - Luftqualitiit in Innenrdumen
Eine kurze Vorstellung

Ziel des Projektes
Dieses projekt wurde durch die Europiiische Gemeinschaft iniziiert. Das Ziel wird'folgendermassen beschrieben:

Es sollen bessere Kenntnisse betre*end Luftqualit?it und Energieverbrauch von grossen Biirogeb?iuden (v.a.

administrativer Sektor) erlangt werden. Sieben Lzirrder der Europ?iischen Gemeinschaft und drei oEcD L?inder,

u.a. die Schweiz, nehmen i- ero;"tt teil. Es ist vorgesehen, in jedem Land an die sechs Btirogebiiude zu

unterstrchen was zu einem er:rop?iisJhen Total von enra 54 gebiiuden fiilrt. Die dazu ausgesuchten Geb?iude sollten

im jeweiligen Land so grrt als moglich einen rdpresentativen Durchschniu der im Land vorhandenen Biirotlryen

urg"t"rr. EI solen keinJGeb?iude aufgrund vorhandener Luftqualititsprobleme ausgewiihlt werden.

Folgende Resultate werden von diesem Forschungsprojekt erwartet:

B p^ Vorgehen bei Luftqualitetsbestimmungen in Biiroinnenr?iumen soll innerhalb Europa vereinheitlicht

werden.

@ Sir,e Datenbank soll mittels den durclrzuf'rihrenden Messungen und statistischen Auswertungen erstellt werden'

Eine aktuelle Beschreibung der Luftqualitiit und des Konforts in Biiror?iumen wird daraus ermoglicht.

d Richtlir,ien fiir die Planung und den Unterhalt von Klimaanlagen rurd Gebiiuden, mit dem Ziel etner

wirkungsvollen Beliiftung *d 
"in". 

grrten Konrolle von Innenraumschadstoffquellen, sollen anhand der

erhaltenen Daten erarbeitet werden.

Ablauf des Projektes.

An erster Stelle wurde ein Messkorzept erstellt. Dieses gilt
fiir alle Teilnalrmel?inder und enthiilt Messgrossen, tt.gz 05.9.3 12.93 06.94 o,.9s

ffil
I

lil
H

trH

Methoden und einen Zeitpla* Eine Pilotstudie wtrde in
Dlnemark durchgefiihrt rurd ermoglichte eine tiberpriifung Metho&rrogie

der Methoden. Eine Multidiszipliniire Unter-

suchungsequippe, welche sowohl Messspezalisten wie auch Pilotsude

Personen zur olfaktometrischen LuftqualitiitsUflmmunC 
vorheteitung

enthiilt (subiektive Geruchsmesstmg), wird nun

zusammengestellt und trainiert. Die eigentlichen Messrngen

Messungen in den atsgewdhlten Biirogebliuden werden in

den Monaten Februar I"a rUiirz 1994 sattfinden. Danach Beridrt

werden die Resultate interpretiert und publiziert.

Was wird untersucht
Die Untersuchungen betreffen das Geb?iude selber, die technischen Einrichtrurgen, das subjektive wohlempfinden

des Biiropersorr"L, d"n thermische Komfort, die Belichtungsverh?iltnisse (Lichtintensitl0 und die Schallst?irke'

hsd,2lichwerden Luftqualitiitsfaktoren sowohl durch ein oliaktometrisches Verfalren (subiektiver Stdrungsgrad)

als auch durch chemische und physikalische Messverfahren bestimmt.

Siimtliche Messungen finden an einem einzigenTag statt und erlauben so die Beschreibnng nnd Beurteilung eines

Arbeitstages ohne den normalen Arbeitsablauf im untersuchten Geb?iude erheblich zu stdren.

4/ Generelle Inspektion von Gebiude und Einrichtung'

Eine friihzeitige Inspektion vor Ort und das Ar.rsfiillen einer Check-Liste erlauben die Aufnahme grunds?itzlicher

Informationen die das Gebaude charakterisieren. Ein Teil davon geschieht wiihrend des ersten vororientierenden

Besuches. Zu detwichtipten Informationen geh6ren die Daten der letzten Unterhaltsarbeiten an der Klimaanlage

(Wiischer, Filter etc.) uiderJZitrliche Energieverbrauch (Erd6l, Gas, Fernwiirme, Elektizitat erc.).

B Fragebtigen fiir das Personal

Ein Fragebogen wird zu einer bestimmten Zeit w?ihrend des Untersuchunptages an mindestens 150

Mitarbeiterlnnen verteilt. Es sollte gut mtiglich sein diesen Bogen innerhalb von 15 Minuten auszufiillen. Eine

St,nde nach Verteitgng wird der 
-Rug"tog"r, wieder eingesammell Ertirtert werden hiermit vor allem das

subjektive Wohlempfinien am Arbeitsplau, mogliche physische Symptome im Zeitpurikt des Arsfiillers und

w?ihrend des letzten Monats und die Charakterisienmg (Beschreibung) des eigenen Arbeitsplaues bzw. der

Arbeftstetigkeiten. Die Bdgen werden anonym eingesammelt und streng vertraulich behandelr Nur statistische

Resultate werden publiziert.
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tr Arbeitsplatzqualitit einiger Btirord,ume.

In fiiunf einzelnen Biiros, oder nur in einem Grossraumbiiro pro Gebiude, sind weiterfiihrende Untersuchungen
geplant die im folgenden beschrieben werden. Diese Biiroriume werden bereits beim vororientierenden Besuch
ausgewiihlt. Sie sollten riipresentativ sein fiir die Arbeitssiitte der 150 Mitarbeiterlnnen welche den Fragebogen
ausfii{len.

@ BehaglichkeiBmessturgen: Gemessen werden die Lufttemperatur, die Strahlungstemperatur, die
Luftfeuchtigkeit und die Luftgeschwindigkeit an einigen Arbeitspliitzen. Diesen Grdssen werden verglichen mit
der subiektiven Einsch?itzrurg der Mitarbeiterlnnen beztiglich des Komforts arn ArbeitsplaE.

E nr*tuette Messungen werden fiir die Belichtungsintensitit rurd den Schallpegel durchgefiihrt.

@ Bewertung der olfaktometrischen Quattat der Luft: Eine Gruppe von 10 bis 12 trainierten 'Nasen" werden die
Raumluft nBezug auf unangenehme Ger0che einschitzen und dies direkt in der Einheit "Pol" ausdriicken. Ein
Pol entspricht der durchschnittlich abgegebenen Geruchsmenge (Geruchspotenz) einer Person bei Verdiinnrmg
mit einer Lufutnimung von einem Liter pro Sekunde.

I Chemische und physikalische Gnissen: Gemessen werden an einigen Standorten das Kohlendioxid (v.a. dgrch
Atmen verursacht), das Kohlenmonoxid (v.a. durch Tabakrauchen ven6sacht) gnd fliichtige organische
Verbindungen (Kohlenwasserstoffe, aus L6sungsmittel von I-eimen und Farbanstichen g1g.). Als physikalische
Grdsse wird der Schwebestaubgehalt der Luft quantitativ bestimmt. Es soll aufgezeigt werden ob ein
Zusammenhang besteht zwischen derr Wohlergehen der Raumbeniitzer und der Konzentration solcher Stoffe in
der Raumluft.

F-Ventilationsmessungen: Um die Wichtigkeit einzelner Schadstoffquellen in Bezug auf deren
Innenraumkonzentration festzustellen, muss die Frischluftzufi:hr pro Zeiteinheit fi"ir die unternrchten
Biiroriume bestimmt werden. Dazu verwendet man Tracergas-Methoden. Die Tracergase die in die Luft
gegeben werden sind in den verwendeten Konzentrationen absolut geruchsneutal und gesundheitlich
unbedenklich.

Mitbeteiligung der Personalleitung (Direktion)
Die ganze Messkampagne ist nur realisierbar, wenn es der Messequippe von ca. 20 Personen erm<iglicht wird, an
einem festgeseaenTag um 8 Uhr morgens ins Geb?iude einzudringen und sich in den abgesprochenen Raumen
freint bewegen. Die Hauptuntersuchungen finden ca. von 14 bis 16 Uhr statt. Um ca. 18 lrhr wird die gesamte
Messequippe miBamt Messgeriten das Gebiiude vedassen.

Die Zustimmung der Direktion ist erforderlich, um den korrekten Ablauf bei der Verteilung rurd dem Ausfiillen der
Frageb<igen sicherzustellen. Fiir das Arsftllen der Fragetiigen sind 10 bis 20 Minuten pro Person zu rechnen, dies
w?ihrend der offiziellen Arbeiazeit und von insgesamt 150 Mitarbeiterlnnen.
Fiir das Ausfiillen der Gebiude-Checkliste, das Besichtigen der Klimaanlagen und das erarbeiten der
Energieverbrauchsdaten ist in der Regel ein einstiindiges Zrsammenreffen mit den Verantwortlichen des
technischen Dienstes voransehen.

Die Mitglider der Geruchsequippe (die Nasen) sollten immer wieder an einen Reinluftort zurtickgehen, um ihr
Geruchsernpfinden zu regenerieren. Als Reinluftorte gelten R?iume ohne Eigengeriiche, deren Ferster fiir ca. eine
Stunde offen gehalten werden. Falls solche Riiume im Gebnude nicht vorhanden sind sollte es den "Nasen" jeweils
ermtiglicht werden nach Aussen zu treten (Balkon, Veranda etc.). Dies sollte auf demselben Stockwerk und nicht
weiter als 30 Meter vom urter$rchten Biiro entfernt sein. Die Messgerite beanspruchen in den enBprechenden
Messlumen etwas Platz, werden aberso aufgestellt, dass sie den Bfiroalltag nicht erheblich storen.

Die Planrurg des Messtages wiire um einiges einfacher wenn es der Messequippe ermtiglicht wtirde in der
Kantine8estaurant der Unternehmuigzlt Mittag zu Essen.

Gewinn fiiir die untensuchte Unternehmung
Die Daten und Resultate werden zuallererst der untersuchten Unternehmung priisentiert. Niemand, ausser der
Auswertungsguppe der beteiligten Hochschulen, hat Zugang zu den individuellen Fragebogen oder zu deren
Daten. Die Resultate werden anonym publiziea (kein Firmerurarne), ausser die Unternehmung w0rde eine
Verbindung der Resultate mit dern Firmennamen begriissen.

Die Projektleitung wird der Unternehmrmg beim Verstehen und Interpretieren der Resultate behilflich sein Es
wird auch beratende Hilfe zur Verbessenmg gewisser Aspekte des Arbeisumfeldes angeboten, falls dies n6tig sein
sollte (Liiftung, Klima, Lufuctradstoffe). Anderenfalls k6nnen die Resultate aufzeiget, dass die gemessenen
Parameter den edaubten Normen enBprechen.

3. Juni 1993 C.-A. Roulet
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SrnNna.nD FrLE MANAGEMENT FOR IAQ AUntr PROJECT

This documents presents the policy used in Switzerland for such management and proposes

more efficient ways not only to fill-up the standard EXCEL sheet, but also to use this

worksheet to prepare reports semi-automatically. For that pupose, some files should have

standard formats and stafldard names.

Standard name: ccbtlp.* with the following interpretation:

cc code for country, that is B for Belgium, NL for the Netherlands and CH for Switzerland

b letter (in principle A to E) designing the measured building

typ type of file, according to the list below

* usual DOS extension (DOC for Word files, XLS for EXCEL worksheets, DRW for

DESIGNER files, etc.)

The empty files are provided with IAQ as ccb letters (e.g. IAQDAT.XLS)

Standard files

Basic files

Basic files are the standard data sheet and the files which take the information from this file.

The only file really required for each building is ccbDAT.XLS. The other are provided for

your convenience, and you could use them or not'

IAeMACROJ(LM: EXCEL macro-sheet containing formulas for calculating the PSI and

BSI, for saturation water vapour pressure and many routines to translate back

the codes in ccbDAT.XLS files. This macro-sheet shall be open when using a

cbDAT.XIS, ccbAPP.XLS or ccbQST'XIS file'

ccbDAT.XLS Standard data sheet as agreed in Paris meeting. These files (one per building)

contain all the minimurndata required form each country. They can be linked

to ccbQST.XLS by using ttre instnrction FilelLinks of the EXCEL menu bar.

Other tinks are poisible io ccbMET.XLS, ccbOLF.XLS, or any other national

data file providing data for ccbDAT.XLS. Since these files will provide the

informatitn for the European Data Base (EDB), their stnrcture shall not be

changed at all (neither add or delete a column or a line). However, their

links to other files can be changed, since only the numerical values (not the

formulas) will be picked up for the EDB'

ccbREp.XLS EXCEL worksheet preparing the appendix for the national report. This file is

tinked to ccbDAT.XIS by simply writing the actual rame ccbDAT.XIS in

cell AL of ccbAPP.XIS and pressing the F9 taste. ccbDAT.XIS shall be

open at this time. ccbAPP.XIS uses macros from file IAQMACRO.XLM,
which should also be open preferably before oPening a ccbAPP.XLS file.

ccbApp.DOC a WINWORD version of appendix for national report (not ready now).

Optional, secondarY frles

These are files providing data to ccbDAT.XIS file. You may use them or not, and you may

add, change or delete tir*s Uetween these files and ccbDAT.XIS files, as far as the location

of each information in ccbDAT.XLS is not modified'



NcntsruIAQDAT&S ru-e

ccbMET.XLS EXCEL worksheet with meteorological data provided by meteorological
station, and calculating the average datarequired for ccbDATJ(LS

ccbOLF.XLS EXCEL worksheet with all sensory measurements from each panel member,
calculating the average data required for ccbDAT.XLS

ccbVOC.XLS EXCEL worksheet with VOC results, calculating the data required for
ccbDAT.)(LS

ccbCNTJ(LS EXCEL workslreet with continuous measurements, calculating the data
required for ccbDAT.XIS and drawing the diagrams.

ccbMAP.DRW DESIGNER drawing of the building and measured floors, which can be
embedded in ccbDAT.XLS.

ccbVI.{T.DRW DESIGNER &awing of the ventilation system.

ccCOMPIL.XLS EXCEL worksheet compiling the national results. There are in particular
the BSI's from all buildings and the calcualtion of the correction factors. It is
planned to extend this file in order to prepare the tables for the national report

Flgure l: Relations between the ccbgp.* frles

94.07.21. Page2 FILEMAN.DOC
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EXCEL STANDARD DATA FILE - INsrnucuoNs FoR usE

Purpose of the frle

The research project should provide a database of data measured in all participating countries,

and inteqpret these data to provide guidance on ventilation source control.

The file IAQDAT.XLS is designed in order to make this tasks easier. It should be filled up
with data measnred in one building, and delivered to the project management. Individual files
for each building will then be merged into the European database, and standard procedures

can be used to extract from all these files the information needed for various purposes.

Description of IAQDAT.XLS frle

The file is a Microsoft EXCEL spreadsheet. It is divided into three main parts, from top to
bottom:

Part I Building check list
Part II Questionnaire
Part III Measurements
Part IV Additional data

The second column describes the required data, in a similar way and in the same order as that
of check list, questionnaire, or national report layout respectively. Column one contains the

corresponding number, if any.

Coloured (or grey) cells are those to be filled with data. Cells F3 to J3 show the colours

corresponding to cells which should contain a coded entry (red), those which will receive text
or numeric al datafrom keyboard (yellow) and those which are linked to other data files (blue)

and can then be automatically filled.

Cells showing a little square on top right corner contain a note. This note can be seen by
double-clicking on this cell. The note generally provide the code or some comments on the

required entry. These notes are annexed to this document.

In order to avoid any change in the file, which would made it impractical, the file is
protected. Only coloured cells and white cells at right of these can be changed. There is no
password for that protection, so you could modfy the file for your personal use. However,

only standard files should be given to the project management.

How to use the frIe IAQDAT.XLS
L,oad IAQDAT.XLS and just fill in the coloured cells with the corresponding data.

If you want to use the linking procedure, first open the file in which the data are (e.g.

ccbOLF.XIS file for sensory data. If this file has the data at exactly the same place as in
IAQOLF.XLS file, simply change the link by using the LINK command in the FILES menu.
If this is not the case, or for data taken in any other non standard file, select the data in the

origin file, copy these (Alt+Ins), then select the destination cell(s) in ccbDAT.XIS and use

PAST LINK command in EDm menu.

Then save it under a new name related to the corresponding country and building (e.g.

NLADAT.XLS, or DKBDAT.XLS). Always keep a blank copy of IAQDAT.XIS.

There is one file, with a different flame, for each building. The file corresponding to any

building can be filled in several sessions, by loading each time the proper file.
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88 Embed a sketch using DRAW or DESIGNER
C76 Code Situation:

1 Industrial area
2Downown
3 Suburb
4 Countryside
5 Other (specify)

C77 Code Traffic within 200 m
l Motorway
2 Busy through road
3 Busy cross road
4 Moderate busy road
5 Quiet road

C18 Code pollution source
(which could have an influence on IAQ)
Several answers possible
0 None
1 Parking garage
2 Powa plant
3Industry
4 Cooling tower
5 Other (specify)

C19 Code activities
0 Orilyofficework
l Indtstry
2 Shops
3 Laboraory
4 Garage
5 Other (specity)

C29 Codeshadings
0 No solar protection
l Outside
2 Between glazng
3Irside

C30 Codeforshadingmovement
1 Automatically controlled
2 C.entral down, individually up
3Individual
4 Fixed

C31 Number of. glaz.ng
I single pane

2 double pane

3 triple pane
4 other (specify)

C32 Glazing type
(several possible answers)
1 Clear
2Heat reflecting
3 Light rcflecting
4Light absorbing
5 Other (specify)

C33 to 39: Modificatiors
If there were no modification, gipe 0

NoTESnIAQDATXLS FtrE

C40 Furniture made of
1 Mainly solid wood
2Yereered chip board
3 Metal
4 Other (specrfy)

C47 Age of ftrniture
I 3 years or less

2 More than three years
C42 Crreen plans

0 No large green plants
I Flowering green plants
2 Ctreen leafed plans

C43 Plant treatment
0 No treatment
l "Chlorophyll" treatment
2 Pesticide treatnents

C44 Smokingis
l not allowed
2 Allowed in separate rooms
3 Generally allowed

C46 Solvents used
Type name and t5rpe of solvent.
If no solvents used, qpe 0 (zero)

C47 Other chemicals rsed
Type name and type of chemical.
ff no chemical ued, type 0 (zero)

C48 Copyingmachinesinoffice
0 =no
1 -yes

C49 Number of persons per visual display unit
0 No rYDU

I 1-2 persoru per VDU
22-10 personsperVDU
310-20 persons per VDU

C50 Laser printers in office
0 =no
I =ys

C51 Carbonless paper in extensive use
0 =no
1=ys

C53 to C61 Cleaningfrequency
0 l€ss than once a month
I 1 to 3 times amonth
2 Once a week
32-4timesaweek
4 Daily

C62 Dirtiness of floors
I floors does not look dirty
2 floors look dirty

863 to F68: Code for cleaning agent
l Polishorwil(
2 kaves afilm
3 Does not leave afilm
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c71

c72

c73

c75

c77

Tlpe of heating
0 No heating
1 Hot water heating
2 Air heating
3 Direct electric heating
4 Other (specify)

Location of heating
I Radiators
2 Floor heating
3 Ceiling heating
4 Fan coil rnits
5 Other (spe"rfy)

Room cooling
0 No specific cooling
1 Supply of cooled air
ZLocalfan coil unis
3 Cooled ceiling
4 Cooling convectors
5 Other (specrfy)

Temperature control
1 Manual (e.g. radiator valve)
2 Adjutable thermostat on radiator or unit
3 Adjustable wall thermostat
4 Central temperature control
5 Other ("pecr$
Temperature or heating reduced centrally
outside g hours?

0=No
1=Yes
How are rooms ventilated?
1 Windows or nattral ventilation
2 Exhaust system
3 Supply system
4 Balanced VAV system
5 Dual ducs balanced system

6 Induction units balanced system
8 Other
Window opening
0 Window cannot be opened
I Windows can, but may not be oPened

2 TVindows can be opened
Design air change rate
1 less than 0,5 per hor.r
20,5to l perhour
3 I to 3 per hour
4 more than 3 per hour
Lowest outdoor air supply
Provide the lowest design value together with
the umber or
designation.

NcnrswIAQDATXLS pu-u

c79

c84

c85

c88

c90

Position of ventilation system intake
0 No air intake
I On the roof
2 In the facade
3 Close to the ground
4 Other location (specify)

Recirculation:
Indicate the approximate percentage of
recirculation.
If no recirsulation, type 0
Humidification systern
0 No humidification
I Evaporation
2 Spray
3 Steam
Water purification
0 None
I Ozone
2 Biocides
3 High voltage
4 UV lamp
5 Other (specrfl
Cooling
0 no cooling
1 there is a cooling system
Indicate type in cell at right
Heat recovery tlpe
0 None
l Rotatingwheel
2Plate exchanger

3 Other (specrfy)

Ventilation system is set on and off
l manually
2 automatic by a clock
Demand controlled ventilation
0 no suchcontrol
I Temperature sensors

2 CO. semsors

3 Humidity sersors
4 Multi-gas (SnO.) sensors

5 Other (specify)

Duct material
1 Asbestos cernent
2 Fabric
3 PVC
4 Galvanised steel
5 Other (specify)

Duct insulation
0 No thermal insulation
1 External insulation
2 Internal insulation
3 Bottr
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C99 Indicate dates in format
yy.mm.dd or)ryrnm

E99 toDllz Components needs service
0No
l Yes

C113 Location of air supply inlets
1 In thefloor
2Atwindowsill
3 In the ceiling
4Highonwall
5lowonwall

C114 Location of air outles
I Hish
2I,ow

C115 Plamed ventilation principle
0 No designed principle
I Displacement ventilation
2Mixngventilation

C119 to H119 Inside wall material
l Brick
2 Chipboard
3 Plaster board
4 Concrete
5 Metal
6 Glass
7 Other (specrfy)

C120 to H 120 Insulation material
0 No specific insulation
1 Fiberglas
2 Mineralwool
3 Glass foam
4 Pollatyrene
5 Pollarethane
6 Urea formaldehyde
7 Other (specity)

Cl2lto H 121 Insulationthickness
Type 0 (zero) if there is no iruulation

C729 to H 129 Wall surface covering
l Wallpaper
2 Enamel paint
3 Dispersion paint
4 Wood
5 Unpainted textiles
6 PVC
7 Other (specify)

C130 to H 130 Ceiling material (inside surface)
1 Concrete
2 Plaser board
3 Wood
4 Plaster ceiling
5 Acoustic panes (specify material)
6 Other (specify)

NcrTSwIAQDATJGS FtrE

C131 to H 131 Ainpace above acoustic panes?

0No
l Yes

Cl32 to H 132 Is some dust above acoustic panes?

0No
l Yes

Cl33 to H 133 Do acoustic baffles hang below
ceiling
0No
l Yes

C134 to H 134 Type ceiling type
Cl35 to H 135 Room lighting

l Artificial
2Dzylight
3 Both

C136 to H 136 Lighting location
1 Ceiling
2 Individual
3 Botlt

CL37 to H137 Artificial lighting
0 No individual tighting
l Fluorescent
2Incandercent lamps
3 Halogen lamps
4 Other (specity)

C138 to H138 Lighting control
0 No control
l Automatic
2 Automatic withmanual endconhol
3 Manual

C139 to H139 Visible mould growth?
0No
l Yes

Cl40 to H140 Are there damp spots?
0 No damp spots
l Yes

Cl4l ta H141 Mould odour?
0No
l Yes

Cl52 to Hl52 Access for cleaning
0 no, bad access
1 yes, acceptable access

C153 to H153 Door often open
0 no, door closed
1 yes, door often open

E}180 Put tlre total number of answers in each box
below.

C198 Indicate the average vote (PM'V) on the -3 +3
scale)

C199 Indicate average acceptability on the -5 to +5
C200 to C207 Indicate average note on the I to 7

scale.
8209 Indicate numbers of answers.
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C223 Indicate the average vote (PMU on the -3 +3
scale)

C224 Indrcate average acceptability on the -5 to +5

C225 to C237 lndrcate average note on the I to 7
scale.

8252 BSI: Average and standard deviation are

obtained according to Annex B of manual.
8363 to E 369 Either mean radiant or operative

ternperature should be given, depending on the
instrumentused. The other will be calculated
according to ISO 7730.

C415 Weather station: Name of weather station from
which the data come.
Note "on site" if measured near the building
that day.

C417 Weather description
Not if sunny, overcast, rainy, etc.

1426 The lower heating value is indicated here to
facilitate the conversions.

P444 fu1s1gy index is the annual energy use divided
by the gross heatingfloor area (C20*C27)

8446 Power index is the enerry index divided by
degree-days and 86 400 [s/d]
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ffi(Pftffi
EcoT: POLYTECHNIQUE
rEffi,erc DE I.AI.,SAI{NE

Orrrcn Exrmoxrcxt SunrmY

Wittlin the frame of an European rpsearch programme, a $rvey conccrning your offi99

environment is being performed in your building. The annexed questionnaire is an essential

element of this survey.

Your opinion is essentiaL Please attempt to answer all the questions

Do not take too much time over your answers, just give your initial reslx)nse.

you will probably need about 15 minutes. However, if you really do not want to fill in the

questionnaire, juit vnite below "Refused" and, briefly, ttre reason (e.g. no time, I never fill up

questionnaires, etc.)

This questionnaire will be used by the Solar Energy and Building Physics Research

I-aboraory of ttre EPFL (Swiss Fed€ral Instinrte of Technology, Iausanne) as part of an

evaluation of your working environmenl Neither this questionnaire nor any information from

it will be passed to youremployeror any ottrerparty except as averaged and anonymous data

It is important that you record your own views, without talking to colleagues.

Once terminated, let Ote questionnaire on your desk or in your "out" mail box, when

available. We will pick it uP.

If you have any queries about this questionnaire, please contact the survey staff-

TH^qI.IK YOU FOR PARTICIPATING IN THIS SI,,RVEY.



(A)

2

3

4

5

6

7

8

I

10

11

OFFICE ENVIRONMENT QUESTIONNAIRE

Time ffiffi
(24 Hour clock)

[Location] Please wrrte in-

Approximately how long were you sitting at your desk before you
started this questionnaire (excluding short breaks)?

What is the biggest part of the work you do? Please tick a bx
Managing people or resources ffi
Using specialist skills (e.9. legal, medicat, engineering, scientific) ffi
Doing clerical, secretarialor administrative work ffi
Other ffi elease write in-

How long have you been working in this building?

How long have you been working in this room?

Survey Number

Age ffi Sex ffiuarc ffiremare

t::::::iavit::i::i::i.i.i::i:::l:1::l

Eil,l.ittilliiir.t:Ijiii:ilt{ Flon rs

Months*
lti!}!!i:++i:4il:nlrl

*Months not
needed if more
than two years

On average, during the past month -

How tong did you spend at your desk per working day? ffi Hours

How many hours did you spend doing paid work per week? fffiffi,H rJarrrc
(nclude any time you may have spent working away fromthis bui@ing) l'.'i!:!'irit'Illitli{rir,:'i:il ' !ve!r

How many hours per week did you operate a vDU at work? ffi Hours

And how many days did you come to this building?

How many other people normally share 
E.E.rr,-"r._.i:igjr_j_

the room where you normally work? Eif.+1ii:fillitiiiliil People

Is there a window "';["::?il' ffi ffi ff no: ptease go to next page

Approximately how far is your desk from the nearest window? H,ffiffi Metres
@

Please write in, tothe nearest fiEtre.

Do you ever open a window in y"our room? ffi ffi

Years

12

(1) (Continued overleaf)



(B)

1a

2a

YOUR HEALTH DURING THE PAST MONTH

1b

2b

3a

3b

4a

4b

5a

5b

6a

6b

7a

During the past month,-on how many days did you experience DRY EYES when you
were at work in this building? None ffi I to s ffi 6to 10 ffi Morethan 10 m

lf symptom experienced: was this better on days away from the office? ffi ffi
During the past month, on how many days did you experience WATERING EYES when
youwereatworkinthisbuilding? None ffi ltos ffi 6to10 ffi Morethanlo m

lf symptom experienced: was this better on days away from the office? ffi ffi
During the past month, on how many days did you experience a BLOCKED oR
STUFFY NOSE when you were at work in this building?

None ffi l tos ffi 6to 10 ffi Morethan 10 m
lf symptom experienced: was this better on days away from the office? ffi ffi

During the past month, on how many days did you experience a RUNNY NOSE when
you were at work in this building? None ffi l tos ffi 6to to ffi Morethan 10 m

lf symptom experienced: was this better on days away from the office? ffi ffi
During the past month, on how many days did you experience a DRY/IRRITATED
THROAT when you were at work in this building?

None ffi l tos ffi 6to 10 ffi Morethan 10 m
lf symptom experienced: was this better on days away from the office? ffi ffi

During the past month, on how many days did you experience CHEST TIGHTNESS
OR BREATHING DIFFICULTY when you were at work in this building?

Noneffi 1tosffi 6to1offi Morethanlom

lf symptom experienced: was this better on days away from the office? ffi ffi
During the past month, on how many days did you experience FLU-LIKE SYMPTOMS
when you were at work in this building?-None 

Effil r tos ffi 6to 10 ffi Morethan 10 m
lf symptom experienced: was this better on days away from the office? ffi ffi

(2\ (Continued overleaf)

7b



(B)

8a

8b

9a

9b

10b

11a

11b

12a

10a

12b

13

YOUR HEALTH DURING THE PAST MONTH

'During 
the past month, on how many days did you experience DRY SKIN when you

were at work in this building? None ffi r to s ffi 6to 10 ffi Morethan 10 m

liiitliltiir.r.:l.il tiit;-1iit:#:,:l

li+ffii#;l ft++.tl+,,ffi

Consider any symptoms which you have experienced at work (but only those that are
better when you are away from the otfice).

rn which season do such symptoms spling sger Autumn wEter 
No particular

tendtobeattheirworst?ffiffiffiffiffi
Please tick one box only.

No particular
time

Iti::.::+i:ii:l*l

And during which part of the day do such ffi
symptoms tend to be at their worst? Iltiiijffi

Aftemoon

Please tbk one box only.

lf symptom experienced: was this better on days away from the office? 
ffi ffi

During the past month, on how many days did you experience a RASH OR

IRRITATED SKIN when you were at work in this building?

None ffi 1 to s ffi 6to 10 ffi Morethan 10 m
lf symptom experienced: was this better on days away from the office? 

ffi ffi
During the past month, on how many days did you experience HEADACHES when
youwereatworkinthisbuilding? None ffi ltos ffi 6tolo ffi Morerhanlo m

lf symptom experienced: was this better on days away from the office? ffi ffi
During the past month, on how many days did you experience LETHARGY

OR TIREDNESS when you were at work in this building?
None ffi 1 to 5 ffi 6to 10 ffi Morethan 10 m

lf symptom experienced: was this better on days away from the office? ffi ffi
During the past month, on how many days did you experience ANY OTHER

SYMPTOMS when you were at work in this building?
Noneffi 1tosffi 6toloffi Morethanlom

lf any experienced: was this better on days away from the otfice?

Please describe symptoms.

(3)

14

(Continued overleaf)



(c)

1

ENVIRONMENTAL CONDITIONS DURING THE PAST MONTH

2

3a

3b

3c

3d

3e

3f

3g

3h

How would you describe your
typical level of thermal comfort
in this otfice during the past
month? please tick one box

cord coor 
s[shuY 

Neutrdffiffiffiffi
Sligtrdy
Warm

Iffi,BI
l::i.i.;ii,liii:l
Ililir,i#.i:l

Wann
ts:li.l:i':::!-B

[.+,l.Iffi
ti,iiilif,s,

Hot
8ffi,..8
rlltlv.'tt:{
t::l;iiiifi:l

Clearly acceptable

How would you rate the typical overall
acceptability of the indoor air quality in
this otfice during the past month?

Please tickone box

Just acceptable

Just not acceptable

Clearly not acceptable

How w_ould you describe the typical indoor conditions in this office during the past
month? Pleasetbkone box perscale

The boxes with bld edges representthe ideat point on each scale

Temperature Comfortable

Not enough variation

Air movement Stiil

Uncomfortable

Vades too much durirq the day

Draugtrty

Humid

Stuffy

Smelly

Unsatistactory overall

Unsatislactory overall

Airquality Dry

Fresh

Odourless

Satisfactory overall

SatisfaAory overall

Light

Noise

(4) (Continued overlea|



YOUR HEALTH AT THIS POINT IN TIME(D)

1a

1b

1c

2a

2b

2c

3a

3b

3c

4a

4b

4c

5a

5b

5c

6a

6b

6c

(5)

At this moment, are you experiencing DRY EYES at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

How severe is this symptom at this moment?
Please tick one box on the xale.

At this moment, are you experiencing WATERING EYES at all?

lf yes: has this symptom got better or worse since you
arrived in this building today ?

How severe is this symptom at this moment? Ve.ry

Please tickone box on ine bate. mild

At this moment, are you experiencing a BLOCKED OR STUFFY E!:i:i:llBi;!i:iJ [::::::trEt!rl-1.:,
l:::::::.,:i::::::::l:::tl tiij!:;Il;fl

NOSE at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

very
severe

very
mild

Very
severe

Very
severe

Very
severe

very
severe

very
mild

very
severe

Very
mild

ti!iltll:l',i13
l:l:l:l:l:lil:l:l:l@

Worse

l:lli:-{tl

lilll$iltlt:t

Worce

I:fl!Vl

Worse

tiiitiil

Worse
ttttii:{
lrlglE

Worse

[it-:l161

Worce

IIHI

I:i:i:llEii:i:l

Ghange

t:::i:::'31

t*:llUEi:',:i:',|

No Change
ffi!r:i.*it
Fiiira

Change
[:::!:::::{

iil:.1.!El

lii:itYE[i,t::l

No Change
E!:.F,T.!

titEt

Better

fiiii:llll

Better

t

Better
t::::::iti{

Better

B:i:lii:l

Better

tliill.rll

Better
lli:1!!1

[r::i,l{

lilrillHliiil tiiil*iiiiiiil

How severe is this symptom at this moment?
Please tick one box on the xale.

very
mild

At this moment, are you experiencing a RUNNY NOSE at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

How severe is this symptom at this moment? Very
Pleasetick one box on iie icale. mild

At this moment, are you experiencing a DRY or IRRITATEDTHROAT liiiilElti:ii:] lliii;D$iiliiil

at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

How severe is this symptom at this moment?
Please tick one box on the scale.

Change

Iiiri:rl

At this moment, are you experiencing CHEST TIGHTNESS
OR BREATHING DIFF]CULTY at aII?

lf yes: has this symptom got better or worse since you
arrived in this building today?

How severe is this symptom at this moment?
Please tick one box on the scale.

Change

E

(Continued overleaf)



(D)

ta

7b

TC

10a

10b

10c

YOUR HEALTH AT THIS POINT IN TIME

8a

8b

8c

9a

9b

9c

11a

11b

11c

12a

12b

12c

At this moment, are you experiencing FLU-LIKE syMproMs at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

How severe is this symptom at this moment? Very
Please tick one box on the xale. mild

f,L{r:r..:t !:t:.d

[:tr:l{,*-i..1l"fd
ts itltx'tt:.H

Worse
ffiN
E*fl

ttiItftF,i{'iil
!tt:,..iitwI

Worse

lr{ilEil

fi.+.ffii.F...li{
[Bli::i:.;i:iitti{

Worse

It':lB,

l:ll::::::7..i.:tjllli

EtilffiH4

Worse

l.:!a\X{
lilr{il

l:;1r.::lI:I.:::H
[i:i#Er:if,
f.:f::;i!iiirt:El

Worce

t'1:{.i:4

Er,}l.Sl

Worse

Er.i.dl

tt:{.:il.1i111:;l

Eii.ffi-i,lii
t r.rlili!l!t:?.4.,

Change
tii]11:{

[+t:#l

Eiiii+.litlii3J

riil:tbg'.:tfil

Change

EEiEI

g{r:. -._!r.-E--Tn

ttlir1lts'i-!.11

Change
ffi
r.n!1:;:;t

Erllgt

[:l::r-i.::::L_:+::::t-:l

f'i!.#,Sl-E'Il

Change

f,:t-:::fl
Eixt

f,4.tt):lI:{;:rtt
Er:1r..:i-::::l:*::l

h#ffiiift

No Change
lir-r:i...:,

llia

Better
li::ilt:!{

tEtld

Better

ffit

Better
l:::::::::g

l:+ti!

Better
tt:{n:{
Iitt+l{

ffiffi

How severe is this symptom at this moment? Very
Please tick one box on the *ale. mild

At this moment, are you experiencing a RASH oR IRRITATED sKlN
at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

How severe is this symptom at this moment? Very
Pleasetick one box on the scate. mild

At this moment, are you experiencing DRy SKIN at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

At this moment, are you experiencing HEADACHES at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

Very
severe

very
severe

How severe is the symptom at this moment Very
Please tick one box on the scale. mild

At this moment, are you experiencing LETHARGY OR
at all?

lf yes: has this symptom got better or worse since you
arrived in this building today?

How severe is this symptom at this moment? very
Please tick one box on the scale. mild

At this moment, are you experiencing ANy orHER syMproMS at
dll? Plr"r" descibe symptoms.

lf yes: have these symptoms got better or worse since
you arrived in this building today ?

How severe are these symptoms at this
moment? Please tick one box on the *ale.

-very
severe

TIR EDNESS

Better

F:r+iil

very
severe

Better

lii::tiil

Ghange

ELI

Very
severe

Very
mild

12d

(6) (Continued overleaf)



2

(E) ENVIRONMENTAL CONDITIONS AT THIS POINT IN TIME

1

3a

3b

3c

3d

3e

3f

3g

3h

3i

3i

3k

3l

(7\

How would you describe your
level of thermal comfort at this
mOment? Please tick one box

Sllighfy
Cool l,leutsal

Slighty
Wam Warm Hot

ffiffiffiffiffiffiffi
Glearly acceptable

How would you rate the overall
acceptability of the indoor air quality in
this office at this moment? Just acceptable

Please tickone box Just not acceptable

Clearly not acceptable

How would you describe the indoor conditions in this otfice at this moment?

Please tick one box per scale

The fuxes with bold edges representthe ideal poirrt on each *ale

Temperature

Air movement

Air quality

Comfortable Uncomlortable

Draugtrty

Humid

Stutfy

Smelly

Too bright

Flickering

Too much glare

Very uneven

Unsatisfactory overall

Tm much noise from
ventilation system

Too much other noise

Unsatisfactory overall

Light

still

Dry

Fresh

Odourless

Too dark

Steady

No glare at all

Very uniform

Noise

Satisfactory overall

No noise from
ventilation system

No other noise

Satislactory overall

123

(Continued overleaf)



(F) OTHER ASPECTS OF YOUR OFFICE ENVIRONMENT

ln your office, how much control do you have over the foilowing?

Temperdure

Ventilation

Lighting

None at all

None at all

None at all

Fullcontrol

Fullcontrol

Fullcontrol

How would you describe the
cleanliness of your office ? Unsatisfaclory Satisfactory

Do other people smoke in your immediate working environment at
work? ffiffi
ls there any other aspect of your office ffiil l-Effil
environment you would like to comment on? l.iirffi#il tfiil-H,,litfl tf yes, pteasede*ribebebw

Please tick one box per *ale.

Pl*etickone boxqt srslle.

1

2

3

5

6

(G)

,rt

3l
qal

4bl

o"l

ABOUT YOURSELF

It is optional to enter your name but it would help us to keep track of which questionnaires have been
collected and to follow up any important comments.

THAT IS THE END OF THE QUESTIONNAIRE THANK YOU FOR YOTJR TIME

Have you ever had asthmatic problems?

Have you ever suffered from eczema?

Have you ever suffered with hay fever?

Iii:!:i:IFriil

I:!i:i:ifEi::c

tiii'.81,:ii:.i:l
t+!;gB
D:n!illii:n:+1t

[::lil!&t::!:ii:!l
I:#:ti-::i:::*l

[-HnEr!t:::l

Are you currently a smoker? 
ffi- Do you smoke in this room? ffi ffi
ffifl-,?'i^[T":Hrsmoke regurarrv ffi ffi



W(PfIW
EcoT: POLYTECHNIQUE
rEoft.amDELAUSA}INE

ENeumE sr.JR LA euAr,rrf or L'ArR DANs LEs BATTMENTS DE BUREALX

Dans le cadre d'un programme de recherches europden, une analyse scientifique de

I'environnement de travail dans votre bitiment est en cours. Vous avez regu r6cemment une

lettre vous expliquant la but de cette analyse. Le questionnaire qui suit est un 6l6ment

essentiel de cette analyse.

Vous Qtes pri6s de r6pondre i toutes les questions de maniEre spontande.

Donnez simplement votre premiBre opinion.

Il vous faudra approximativement 15 minutes pour remplir ce questionnahe.

Ce questionnaire sera utilis€ par le I-aboratoire dEnergie Solaire et de Physique du B0timent

de lftcole polytechnique feagrate de Lausanne pour dvaluer votre environnement de travail.

6s informations contenues dans ce questionnaire seront trait6es confidentiellement. I-e

contenu de ce questionnaire ne sera transmis ni i votre employeur, ni i des tierces Personnes.

Les renseigne-ents que I'on pourra en tirer ne sercrnt publi6s que sous forme de statistiques et

de maniEre totalement anonyme.

Il est important que vous notiez vos opinions personnelles,

sans en r6f6rer i vos coll0gues.

N'h6sitez pas i contacter le personnel de 1EPFL si vous avez des questions concernant ce

document ou I'enqu€te en cours.

L'Eqrme DE RECr{ERCr{E VOUS REMERCIE VTyEMENT POUR VOTRE COLLABORATION



A Qursnotwmr sItR L'ENvIRoNNEMENT AU TRAVAIL

Heurefffiffil ffil
(Ilorloge Z Hetrres)

ffi
[:!:!:i:!:!:i:!:i:il

f'emme tiiiliiit:i:i::l

Position de votre place de travail: Etage $ffi No de piEce ffiliiiii'i.

Orientation de la fagade principale (fenOtre)

Anndes Mois*

3 Depuis combien de temps travaillez vous dans ce bitiment? Effiffil ffi ,It 33lii,

4 Depuis combien de temps travaitlez vous dans ceme pidce? W={i,tffil l.i. f,iiiftijl.Tl

En moyenne, sur la base des derniers 30 jours:

5 combien de temps passez vous i votre bureau, par jogr ouvrable?

6 Combien d'heures par semaine effectuez vous un travail rdmun6r€?
(y compris le temps pass6 en dehors de ce Mtiment)

7 Combien d'hetues par semaine passez vous devant un 6cran ?

8 Durant les derniers 30 jours, combien de joprs avez vous pass6 dans

ce b0timent?

Questionnaire No

Age

I Depuis combien de temps, approximativement, 6tiez vous assis(e) a.t ffiNf heures

bueau avant de commencer iremplir ce questionnaire?
Ne tenez pas compte des intemrptions de courte dur6e.

2 A quoi consacrez vous la majeure partie de votre travail? (coclez une case)

Tdches de direction, d'organisation [--$ijffil

Tiche de sp{cialiste (telle que ingdnieur,mddecin, juriste, informaticien) fiii-ffi

Tiches de secdtariat et d'administration ffi
Autre tache frffil (pr6cisez)

si plus de 2
ans

heures

heures

heules

lffiLffil ioun
It::::::::::::g:::::::S::::::l

9 Pendant votre travail, combien de personnes occupent votre bureau? mm personnes

10tr y a-t-il une fenEre dans votre btreau? ffi ffi Si NON,

11A quelle distance, approximativement, est la plus proche fenQtre?

12 ouvrez vous parfois une fen6tre de votrre bureau?

nommeffi

F*,-.FJ:!:!I

I:rr,r+i.,liiili..i
w

ffiilffi|
r5::f ili:ntlitt:{.ti:{

E!:'.t8+.--------!:!t

li:ii:,',,:'l.l$*ii:iiii.i:.i','l
trii5ltllE,

passez i la page suivante

ffiffi,HB mEtres

@GW'ffi|



Vonne s^urE ounar.m LE MoIs passE

I Pendant combien de jours,le mois pass6, avez vous eu des yeux secs pendant que vous
travailliez dans ce bAtiment?

Jamais 1es ffisaro ffiHptosdelo ffi jours

Avez vous observd une amdlioration pendant les jours d'absence? fiffi]liffil
2 Pendant combien de jours,le mois pass6, avez vous eu des yeux larmoyants pendant que

yqus trayailliez dans ce b6.timent?

f.ffilptus de to ffi jours

Avezvous observ6 une am6lioration pendant les jours d'absence? fiffiH 6$---8il

3 Pendant combien de jours, le mois pasd, avez vous eu Ie nez bouch6 pendant que vous
travailliez dans ce bitiment?
Jamais ffiilptus de lo ES jours

1e5 [,ffi] saro

tes Eiffi saro
Avez vous observd une am6lioration pendant les jours d'absence? Effiil fiffi$l

4 Pendant combien de joun, le mois pass6, avez vous eu Ie nez qui coule pendant que vous
gayaillig2 dans ce bfltiment?

Jamais 1e5 lffi saro [,ffi.] ptos de to ffi jours

Avez vous observd une amdlioration pendant les jours d'absence? ffitrffi--B
5 Pendant combien de jours, le mois pass6, avez vous eu la gorge slche ou irrit6e pendant

que vous travailliez dans ce bitiment?
Jamais 1e5 5 e 10 ffi pns de 10 ffi jours

Avezvous observ6 une amdlioration pendant les jours d'absence? ffiffil
6 Pendant combien de jours, le mois pass6, avez vous eu la poitrine oppress6e ou des

difficult6s respiratoires pendant que vous travailliez dans ce bitiment?
Jarnais ffi 1 Ls lffil s a ro [lffilptus de 10 ffi jours

pendant que vous travailliez dans ce bitiment?
rarnais ffiB les [,*.1-,-Bsaro ffiplrs de 10 ffi jorrs

Avezvous observ6 une am6lioration pendant les jours d'absence? fffil ffi
7 Pendant combien de jours, le mois pass6, avez vous eu des sympt6mes grippaux pendant

que vous travailliez dans ce bdtiment?

Jamais 1 e 5 lffi] s a to Erffilptus de 1o ffi jours

Avez vous observ6 une amdlioration pendant les jours d'absence? ffi6ffi,ffi1
8 Pendant combien de jours, le mois pass6, avez vous eu Ia peau sDche pendant que vous

travailliez dans ce b0timent?

Jamais rn5 ffi saro ftJ.ffi ptus de 1o Effi jours

Avez vous observ€ une amdlioration pendant les jours d'absence? t-ffi.l ffi-ffi|

9 Pendant combien de jous, le mois pass6, avez vous eu la peau irrit6e ou des 6ruptions

Avez vous observd une am6lioration pendant les jours d'absence? fi-ffiSfxffi|

2



Vonns savrE pun c,I.tr LE MoIS pl,ssE

l0Pendant combien de jours, le mois pass6, avez vous eu des maux de t6te pendant que vous
travailliez dans ce bitiment?
Jamais ffi 1e5 EffiSl sato ffiptus de 10 ffi jours

Avezvous observ6 une amdlioration pendant les jours d'absence? Effi$l ffi
ll Pendant combien de jours, le mois pass6, avez vous ressenti de la fatigue ou une certaine

apathie pendant que vous travailliez dans ce bitiment?

Jamais ffi les [,.1i.ffi1 saro G,ffilpusdel0 ffi jours

Avezvous observd une am6liorationpendant les jours d'absence? f,rlffiIil ffi
12Pendant combien de jours,le mois pass6, avez vous eu dtautres sympt6mes pendantque

vous travailliez dans ce bfltiment?

Jamais 1 e s ffil s a to ffilptus de 1o ffi jours

Avez vous observ6 une amdlioration pendant les jours d'absence? ffi$|ffi-ffi|

DCcivez bribetnent ces symptdmes

Pour les deux questions suivantes, ne considdrez que les symptOmes que vous ressentez au
travail et qui s'am6liorent pendant les jours d'absence.
S'ilvotu platt, ne cocluz qu'une cose par ligne.

13 En quelle saison ces sympt6mer Ei*W'
sont-ils les plus s6vBres? [:i:iiii:iii::l

Automne
F-+.._--,i
tii:iiiii.-i..il

Aor0s-midi
tL:::::ri::iltl

w

Etd
,.--------.-=-!t

ti:iiiiii:iil
tjilrtl,

Ivlatin
ffiillr[ J

14 Etquand,pendantlajournde, ces
sympt6mes sont-ils les plus s6vdres?

Nimporte
ouand
l'--t-----=!r

Iiliiti:i$il
E:r:tMi,

N'importe
ouand,-
liii:i:l::i::i:::::lf:ii!!ii:il
liriiiijiiJ

Hiver
(ffi:il
l}:r*:l:t

Soir
a.---IE-.---.rt.li:{ttita

tilEiiiii,

3



Vorns EvtmoNnlElcx,fir DE TRAvAIL DURA].tr LE trtors pn ssE

Froid Frais Apeine Neure Apeine Chaud
frais chaud

G::rt
l$:E

tsiJ
ffi
ffi
ffi
ffifffil

ffi
ffi
[,ETIt]!t!:, Tout i fait inacceptable

3 Comment qualiEez vous le climat int6rieur et les conditions de travail r6gnant dans votre
bureau pendant le mois pass6?

Veuillez coclwr uilc case par ligne.
I*s cases encadrdes reprdsentent, sur cluquc 6chelle,lavaleur ideale.

I Comment qualifiez-vous le
confort thermique de votre
bureau pendant le mois pass6?

2 Commentjugez vous la qualit€ de I'air dans
votrre bureau pendant le mois pass6?

Veuillez cocluz unc case

ffiffiffiffiffiffiffi
Tout i fait acceptable

Juste acceptable
fuste inacceptable

Inconfortable

Trop variable

Courants d'air

Humide

Etouffant

Horrible

Insatisfaisant

Insatisfaisant

Trop
chaud

Temp6rature

Temp6ranre

Mouvements d'air

S6cheresse, humiditd de I'air

Qualit6 de I'air

Odeur dans I'air

Eclairage

Bruit

Confonable

Trop stable

Air stagnant

Sec

Frais

Insignifiante

Satisfaisant

Satisfaisant

Remarques ivennrclles concerrnnt les questions ci-dessus

4



D Vorne smrrEum.rrmsam

I En cet instant prdcis, avez-vous les yerx secs?

Si oui, ce sympt6me a-t-il diminud ou empird

depuis que vous €tes dans ce bitiment?

Diminu6
ai-----

ffiI
ffiffi

Inchane6

ffi

Inchangd
ffi
lliiii$lIl

Emoir6

ffi

Emoir6
E--.----t!r

ffid

ffiffiEn cet instant pr6cis, avez-vous les yeux larmoyants?
Si oui, ce sympt6me a-t-il diminu6 ou empir6 ffigu6
depuis quevous Otes dans ce bitiment? t$sl

;Tffi1?ffij:ffir;Ly" ffi,'" ffiffiffiffiffiffiffi ,ffi:,

En cet instant pr6cis, avez-vous le nez bouch6?

Si oui, ce sympt6me a-t-il diminu6 ou empir6

depuis que vous Otes dans ce bdtiment?

Cochez la case correspondant i TrEs 
[Ei:rr11

la s6v6rit6 de ce sympt6me faible ti=jj!i' ffiffiffiffi,ffi:.
En cet instantprdcis, avez-vous le nez qui coule? ffi ffi
Cochezlacasecorrespondanti TrEl

Iaseveritddecesymptome taur'" ffi ffi ffi ffi ffi ffi ffi t}!i'
ffi:;ilHfJ"#:ffi1ffiX#,emPu6 ffi', m" "ffi"
Cochez la case correspondant i TrE

laseverit€decesympt6me r"iui" ffi ffi ffi ffi ffi ffi ffi .*:,
En cet instant pr6cis, avez-vous la gorge s&che ou irrit6e?
Si oui, ce symptdme a-t-il diminu6 ou empird Di#gue

depuis que vous €tes dans ce bitiment? |!g$,

i.T,1?"*:T:J:ffiffi1y",I* ffi ffi ffi ffi ffi ffi ffi ,ffi:,

En cet instant pr6cis, avez-vous la poitrine oppress6e ou des difficult6s
respiratoires?
Si oui, ce sympt6me a-t-il diminud ou empirE

depuis que vous €tes dans ce bdtiment?

Cochez la case correspondant i TrBs ffi
la s6v6rit6 de ce sympt6me faible tErrrts' ffiffiffiffi,ffi:"

Diminu6
G.HfrB
tilii:ili:i,

ffiffi

Inchan96
ffi

ffiJ
Empird

.=,--ah

t

Empir6
.-t!iFr

E$i.l

ffiffi
Inctraned Empirdffiffi

ffiffi
Diminu6

ffi

[ffii

ffiffi

Inchangd

ffiffi

Cochez la case correspondant i TrEs f.ffiil
la sdvdritd de ce sympt6me faible trriiiri' @ffi@ffi,H::"



D Vorrnr sexrE uau.rrmlem

En cet instant pr6cis, avez-vous des symptOmes gfippaux? ffi ffi
Si oui, ce sympt6me a-t-il diminu6 ou empir6 Di4qlqu6 Inchang6 Ernpir6
depuis q,re roos 6tes dans ce bdtiment? ' ffi ffi ffi
,:T*?#ffi.":fr;Tly'u ;ft ffiffiffiffiffiffiffi ,*:;,
En cet instant pr6cis, avez-vous Ia peau s&he? ffi ffi
Si oui, ce symptdme a-t-il rtiminud ou empirf ryminu6 In@g6 Fmp!6rJr rrur, r,E Dyr.lrpturut, a-t-u u.u[l[ue ou emprre LItm{lue rncnange ljtnDlre
depuis qoe rous 6tes dans ce bdtiment? ' ffi ffi Effi

,:T,J#[':j:ffiffi1y" #n ffiffiffiffiffiffiffi H:"
En cet instantpr6cis, avez-vous Ia peau irrit6e ou des 6ruptions? ffi ffi
Si oui, ce symptOme a-1-il diminu6 ou empir6 Dig[oe Inchangd nq_irisr \^.1, vs Dyurpl'urug a-t-ll gullututr ou emprre rruuulutr ucnangg Emprr
depuis qor ro.ir €tes dans ce bdtiment? ' ffi ffi ffi

10En cet instantprdcis, avez-vous mal i la t6te?
Si oui, ce sympt6me a-t-il diminud ou empir6
depuis que vous 6tes dans ce b0timent?

C-ochez la case correspondant i Trbs
la sdv6rit6 de ce symptdme faible

11En cet instant pr6cis, 6tes vous fatigu6 ou apathique?

Cochez la case correspondant i
la s6v6rit6 de ce sympt6me

Si oui, ce symptdme a-t-il diminud ou empir€
depuis que vous 6tes dans ce bdtiment?

;m ffiffiffiffiffiffiffi,*::
Diminu6

[i].].nr]Iiltitiiiitli,

,::l--_------.!iaEt.R

tffiffiil

ffiffi
Inchans6

m-
liliiiarllw

Emoir6ah
lil$rH,tlW

ffiffiffiffi,H$,
ffiffi

,:T,xhE:T:"':ffiffi1y', 
u ;ti" ffi @ W @

Inchansd

tffi
4G!.--*-.i ffi

ESIffiI

l2Encet instantpr6cis, ressentez vous un sympt6me non mentionn6 ci-dertor@l ffi
Si oui, ddcrivez le:

Diminu6 Emoir6

fi$H
H:rl,

fiffiil TrEs
Eiii, s6vdre

Si oui, ce symptOme x-1-il diminu€ ou empird
depuis que vous €tes dans ce bdtiment?

Cochez la case correqpondant i TGs Gffil
la sdv6rit6 de ce symptOme faible liEi'

Inchane6

rffir-

Effil t"-.Hi'B
wg

Diminu6m
liiiirllit

l*-$iR$,ffiIww

Emoird
rills
ttili$.,lilw

6ffi,rgi rras
riii;jiirr sdvlre

6



Vornr nrrvnoNlrsl,Gl.rr DE TRAvAIL NAINTENANT

I Comment qualifrez-vous le
confort thermique dans
votre bureau en ce moment?

2 Comment jugez vous la qualitd de I'air dans

votre bureau en ce moment?
VeuiUez coclwz anc cose

Froid Frais Apeine
fraisffiffiffi@ ffiffi

Trop
chaud
ffi

ffi,
Neutre Apeine Chaud

chaud

ffil fout I fait acce,ptable

ffil Juste acceptable

ffil loste inacceptable

t?.-=lt

INI
6:Nl
Eiss,

ffi

ffi
ffi
ffi
ffil tout i fait inaccePtable

3 Comment qualifiez vous le climat int€rieur et les conditions de travail r6gnant acfirellement

dans votre brueau?
Veuillez coclrcr une case par lignc.
Its cases encad.rCes reprisentent, Sur choque 6clulle,lavaleur idiale-

Temp6ranue

Temp6rature

Mouvements d'air

S6cheresse, humidit6

Qualitd de I'air

Odeur dans I'air

Eclairage

Eclairage

Eclairage

Eclairage

Eclairage, en g6n6ral

Bruit de la ventilation

Autrres bnrits

Bruit en g6n6ral

Confortable

Trop stable

Air stagnant

de I'air Sec

Frais

Insignifiante

Trop sombre

Stable

Sans 6blouissement

Trop uniforme

Satisfaisant

Aucun bruit

Pas d'autres bntits

Satisfaisant

Inconfortable

Trop variable

Courants d'air

Humide

Etouffant

Horrible

Trop clair

Clignotant

Eblouissant

Trop irr6guter

Insatisfaisant

Trop de bnrit

Trop de bnuits

Insatisfaisant



F AUREs AspEcrs DE votRE ENvIRoM{EIyTENT DE TRAvAIL

Dans voEe bureau, dans quelle mesure pouvez vous influencer les fonctions suivantes?
Cochez uru case par ligru

I Temp6rature Aucune influence

2 Ventilation, adration Aucune influence

3 Eclairage Aucune influence

4 Comment qualifiez-vous la propretd

dans votre bureau? Insatisfaisante

5 tr y a-t-il des fumeurs dans votre environnement imm6diat?

6 tr y a-t-il d'autres aspects de votre environnement de travail que vous
d6sireriez commenter?

Si oui,faites le ci-dessotu

Contr0le total

Contr6le total

Contr6le total

Satisfaisante

ffiffi
ffiffi

4 Etes vous fumeur,
maintenant?

Fumez-vous dans cette piEce?

Fumiez vous rdgulilrement par te pass6?

ffi
lffil
ffi
ffi
ffi

Effii$I

fiilffil

ffi
@
ffi

liffiiitl

G eurl,Qr_rrs eIrEsrroNspERsoNNErLEs

1 Avezvous souffert d'asthme?

2 Avezvous souffert d'wz6mz?

3 Avezvous souffert du rhume des foins?

ffi
@

Norz (facultatif)

Votre nom n'est pas fudispensable, et votu €tes libre & le mette ou non. Il ruw aidcrait d mieux tenir
compte des remarqucs inportantes.

volCl LA EIN DU QUEsTToNNAIRE. IvIERCI polrR vorRE pErNE Er vorRE TEMps.



Fragebogen zu den Innenraum-Bedingungen im Biiro

Durch das Ausfiillen dieses Fragebogens werden Sie zur Teilnehmerln einer

wissenschaftlichen EG-Studie. Insglsam-t r0 europ?iische Llnder sind daran beteiligt'

Wir begriissen Sie dazu ganz herzlich!

wir ftihren verschiedene Messungen in diesem Gebziude durch' Nun mochten

wir wissen, wie die gemessenen Fakilren auf sie einwirken. Dabei fragen wir

bewusst nach Ihrem subjektiven Empfinden. weiter fragen wir nach Auswirkungen

dieser Faktoren auf Ihre Gesundheil hre ganz persdnliche Me

Bitte beantworten Sie alle Fragen. Uberlegen Sie nicht zu lange' Antworten

sie spontan! Der Fragebog.n ,oriffi.ht mehr irs eine viertelstunde Ihrer Tnit tn

Anspruch nehmen.

und an niemanden in Ihrer Firma

weitergeleitet.

Einsammeln des Fragebogens:

Legen sie den ausgefiillten Fragebogen guiiichtbar an Ihren Arbeitsplatz (z'B auf

pC ...). Falls Sie den Bogen nichi auiftilleo, so notieren Sie bitte eine kurze

Begrtindung auf die Riickseite dieses Schreibens'

S[mtliche B6gen werden ca. um 74:30 von uns eingesammelt' Kontaktieren Sie uns

bitte, falls Sie Fragen haben.

Ganzherzlichen Dank fiir Itre Mitarbeit,

mit freundlichen Griissen, die Messteams der

ETH-Ziirich
ETH-Lausanne
UNI-Lausanne



Fragebogen ztJ d.:, Innenraum-Bedingungen
im Btiro

Fragebogen-Nummer i;r

jetzige Uhrzeit lffiXiffil Effiilffi| (in 24-stundenansabe)

Alter Geschlecht mdnnlich weiblich

GebAude und Raum

f . Wie lange sind Sie heute ungef6hr an ihrem Schreibtisch
gesessen, bevor Sie mit dem Ausftillen des Fragebogens
begonnen haben? (ohne kurze Pausen)

2. Mit welcher Art von Arbeit beschdftigen Sie sich vor allem?
Bitte kreuzen Sie ein oder mehrere Felder an

-Mit der Arbeitsorganisation oder mit Finanzen

-Mit der Anwendung von Fachwissen (z.Bsp. im
Bereich der Justiz, Medizin, Wissenschaft oder des
lngenieurwesens)

-Mit der Ausf0hrung von administrativen Arbeiten (Btlro-
oder Sekretariatsarbeiten )

-Mit anderen Arbeiten, wie.......

3. Seit wie langer Zeit arbeiten Sie schon in diesem Gebiude?

ffi stunden

ffi
ffi
Ira-riHr1

Jahre Monate
ffir t!:M!!!!!t
l::t::::::::::::',!::::::l l::i:::::::::S:::::iil
tiii{.ii:{i.:+l t:i.}tiL:{t.i11:a
I :ni: ti.iii:ti]: a t.iliiili!:i.!!:t

utig aiH

Monatsangabe ist
Oberfl0ssig, lalls ---linger als 2 Jahre
r:ffir ffir
l:l::::::::::::::':::::::::I l:::::::::::::::::::::::::::lIiiiriiiiiii:i! t.iiiiiM:ir1:l
I i: i.i] iliii lit: a a:i.il]:i !r:li::a
!::j:::::::i:::::::L::::::l !::::::j:::::::::.::::::::::lH H

4. Seit wie langer Zerl arbeiten Sie schon in diesem Raum?



5. Die folgenden Fragen beziehen sich auf den vergangenen Monat -

durchschnittliche Angaben genugen:

- WievielZeit verbrachten Sie an lhrem Schreibtisch [ffi
wihrgnd eings Arbeitstag"r?'o'I 

11'lsrtr \rrJlrrsr., 
Effi

- Wieviele bezahlte Arbeitsstunden leisteten Sie pro
Woche? (schliessen Sie auch die Zeit mit ein, in welcher rE
Sie ausserhalb dieses Gebiiudes gearbeitet naoeni 

- 
lffi

Stunden

Stunden

Stunden

Tage

- Wieviele Stunden pro Woche haben Sie an einem
Bildschirm gearbeitet?

- Wieviele Tage haben Sie in diesem Gebiiude gearbeitet?

t:::!=i!t!i!t

Eiry
tffi

liriliiE;I

Wieviele andere Personen arbeiten normalerweise im
gleichen Raum wie Sie? liili:iii:il:i:iirill Personen

6.

7. Gibt es in lhrem Raum ein Fenster?

+ fahren sie bifte
mit Frage 10 fort

Meter
8. Wie weit ist lhr Schreibtisch ungefiihr vom nAchsten Fenster

entfernt? (Auf Meter genau auf- bzw. abrunden)
tii:iiiiffit
ai:{+:t.ii:+:{.i:tl.i:n:t.iliiiilit

Nein9. Offnen Sie in lhrem Raum je ein Fenster?
l::!:::...:i::1aI

liiiiii..lliill JaEl::::;iI
lliiiliiiill
liM:it



lo.AnwievielenTagenwdhrenddesletztenMonatshattenSiewdhrendderArbeit
in diesem Gebiiule gereizte oderbrennende Augen?

o bis 1o ffi mehr als 1o m

Falls Sie dieses Symptom hatten: verspurten-S-ie eine

geiierung an taien, an denen Sie nicht im BUro waren?

11. An wievielen Tagen wahrend des letzten Monats hatten sie wahrend der Arbeit

in diesem Gebiiuletrdnende Augen ?

6bis ro ffi mehrals 1o Eill

Falls Sie dieses Symptom haien: verspUften-Sie eine

aeiierung an tasien, an denen Sie nicht im B0ro waren?

12. An wievielen Tagen wdhrend des letzten Monats hatten sie wiihrend der Arbeit

in diesem eeOaute eine leicht verstopfte oder blockierte Nase ?

o bis 1o ffi mehr als 1o m

Falls Sie dieses Symptom hatten: verspurten-S-ie eine
g;iserung an taien, an denen Sie nicht im Buro waren?

13. An wievielen Tagen wahrend des letzten Monats hatten sie wiihrend der Arbeit

in diesem Gebiiude eine laufende Nase?

o bis ro ffi mehr als 10 m
Falls Sie dieses Symptom hatten: verspurten-S-ie eine

Aesserungantagen,andenenSienichtimBurowaren?

14. An wievielen Tagen wahrend des letzten Monats hatten sie wdhrend der Arbeit

in diesem Gebiiide einen trockenen oder gereizten Hals ?

6 bis 1o ffi mehr als 10 m

Falls Sie dieses Symptom hatten: verspurten Sie eine

e;iierung an tagen, an denen sie nicht im Buro waren?



15. An wievielen Tagen wdhrend des letzten Monats hatten Sie wAhrend der Arbeit
in diesem Gebdude ein beengendes Gef0hr in der Brustgegend oder"'Atmungsbeschwerden ?

r bis s ffi o bis ro ffi mehrals 10 m
Falls Sie dieses Symptom hatten: verspurten Sie eine
Besserung an Tagen, an denen Sie nicht im Biiro waren?

16. An wievielen Tagen w6hrend des letzten Monats hatten Sie wAhrend der Arbeit
in diesem Gebdude erkdltungsEhnliche Symptome ?

6 bis ro ffi mehrals 10 m
Falls Sie dieses Symptom hatten: versptirten Sie eine
Besserung an Tagen, an denen Sie nicht im Briro waren?

17. An wievielen Tagen wdhrend des letzten Monats hatten Sie wdhrend der Arbeit
in diesem Geb6ude trockene Haut ?

keinem ffi 1biss o bis ro ffi mehrals 10 m
Falls Sie dieses Symptom hatten: yersprirten Sie eine
Besserung an Tagen, an denen Sie nicht im B0ro waren?

Nein

18. An wievielen Tagen wdhrend des letzten Monats hatten Sie wdhrend der Arbeit
in diesem Gebdude einen Hautausschlag oder eine gerOtete bar. gereizte
Haut ?

6 bis 10 ffi mehrals 10 ml
Falls Sie dieses Symptom hatten: verspUrten Sie eine
Besserung an Tagen, an denen Sie nicht im Buro waren?

19. An wievielen Tagen w6hrend des letzten Monats hatten Sie wdhrend der Arbeit
in diesem Gebdude Kopfschmerzen?

keinem ffi 1bis5 6 bis 10 lffif mehrals 10 EEI

Falls Sie dieses Symptom hatten: versprirten Sie eine
Besserung an Tagen, an denen Sie nicht im Btiro waren?



20. An wievielen Tagen wahrend des letzten Monats litten sie wahrend der Arbeit

in diesem Gebiiu-de an Miidigkeit oder Abgespanntheit?

reinem ffi rbissffi o bis tolffi mehrals 10 m

Falls Sie dieses Symptom hatten: verspurten Sie eine

eeiserung an Tagen, an denen Sie nicht im Buro waren?

21. An wievielen Tagen wahrend des letzten Monats litten sie wdhrend der Arbeit

in diesem Gebdide unter irgendwelchen anderen Symptomen ?

Ja

ffi

xeinem ffi 1bis5

Bitte beschreiben Sie die Symptome:""""""'

Ja Nein

o bis 1o ffi mehr als 10 m

ffi

. ralts sie solche symptome hatten: verspurten sie eine

Besserung an Tagen, an denen sie nicht im BUro waren? ffiffi

Beriicksichtigen sie ftir die folgenden zwei Fragen alle symptome, unter welchen

Sie wihrendder Arbeit leiden-(nur diejenigen, die sich bessern, wenn Sie nicht

im BUro sind).

keine bestimrnte

Fr0hling Somrner Herbst Winter Jahreszeit

Abend

L-q,ffiil
l::::::i:::::::::l

22. ln welcher Jahreszeit scheinen die
SymPtome am schlimmsten zu sein?
'Kreuzen Sie bitte nurein Feld an.

29. Und wihrend welcher Tageszeit scheinen
die Symptome am schlimmsten zu sein?
Kreuzen Sie bitte nur ein Feld an.

rffitIIli I

-*
bestimrnte

rffil
lii',:i:li:iiil
t.iiii:{.}ii:t

ffiffiffiffi
Morgen

l::::rr::::::::::::::l

li::liiiiiiiiiil

Nachmittag
F:::-t
liii#l



24. Wie w0rden Sie die Temperatur in lhrem BUro wdhrend des letzten Monats
bezeichnen? Bifte kreuzen Sie ein Fetd an

sehr etwas etwas sehr
kah kah k0hl angenehm warm heiss heiss

HPry-F-HP-P-
lffi khraleeptabel
t-EIt
HI

25. Wie wurden Sie die tnnenraumluftqualiteit in ffi
lhrem Buro wAhrend des letzten Monats Hl *sg:9.?ff_[3FjpHqgl***- beurteilen? Hl s;;";ilimenrakzeptaber
Bitte kreuzen Sie ein Feld an l*l

HI
ffi khr nicht alceptabel

26. Wie wUrden Sie die typischen lnnenraumbedingungen in lhrem Buro
wAhrend des letzten Monats bezeichnen? Bitte ein Feld pro Skata ankreuzen

Die fett umrahmten Felder markieren den ldealzustand

1234567
Temperatur angenehm ffi unangenehm

ungenrigende schwankyngen ffi zu starke schwankungen
innerhatb eines Tales ffi i";;rd; lines Tages

Luftbewegung zu ruhig ffi zu srarker Lufrzug

Luftqualitit trocken ffi feuchr

frisch ffi abgestanden

geruchlos ffi obelriechend

Lichtatlgemeinbefriedigendffial[emeinunbefriedigend

Lirmallgemeinbefriedigendffi':allgemeinunbefriedigend



2T.VerspurenSieimMomentgereizteoderbrenneneAugen?

Falls ja: hat sich dieses Symplom verbessert oder

,"r..'f,li*meft seit Sie heute in dieses Gebiiude

gekommen sind?

Nein

ffi

ffi
bitte kreuzen Sie nur ein Feld an

1234567Wie stark ist dieses
Symptom im Moment?

Nein

ffi

ffi

Haben Sie im Momenttrinende Augen ?

Falls ja: hat sich dieses Symptom verbessert oder

,"it.i',tirnmert seit Sie heute in dieses Geb6ude

gekommen sind?

Wie stark ist dieses
Symptom im Moment?

Nein

ffi

ffi

29.VerspurenSieimMomenteineleichtverstopfteoder
blockierte Nase?

Fallsja:hatsichdiesesSymplomverbessertoder
versc-hlimmert seit Sie heute in dieses Gebdude

gekommen sind?

Wie stark ist dieses
Symptom im Moment?

1234567

Nein

ffi

ffi

Haben Sie im Moment eine laufende Nase?

Falls ja: hat sich dieses Symptom verbessert oder

,erschlimmert seit Sie heute in dieses GebAude

gekommen sind?

Wie stark ist dieses
Symptom im Moment?

1234567



31. Versptiren Sie im Moment einen trockenen
oder gereizten Hals ?

Falls ja: hat.sich dieses Symptom verbessert oder
verschlimmert seit Sie heute in dieses Gebdude
gekommen sind?

Wie stark ist dieses
Symptom im Moment?

verbessert ffi
keine Verdnderung lffi

verschlimmert liiili:ii:il

Ja Nein

ffiffi

sehr schwach

567
sehr stark

sehr schwach

Ja Nein

ffiffi

567
sehr stark

32. VerspUren Sie im Moment beengende Gefrihle in der
Brustgegend oderAtmungsbeschwerden ?

Falls ja: hat sich dieses Symptom verbessert oder
verschlimmert seit Sie heute in dieses Gebdude
gekommen sind?

Wie stark ist dieses
Symptom im Moment?

verbessert ffi
keine VeEnderung l |

verschlimmert I !|

567
sehr starksehr schwach

33. Haben Sie im Moment erkilltungsdhnliche Symptome

Falls ja: hat sich dieses Symptom verbessert oder
verschlimmert seit Sie,heute in dieses Gebdude
gekommen sind?

Wie stark ist dieses
Symptom im Moment?

verbessert
keine Verdnderung

verschlimmert

Nein

ffi

ffi

Ja

ffi

Ja Nein

@ffi

sehr starksehr schwach

34. Haben Sie im Moment trockene Haut ?

Falls ja: hat sich dieses Symptom verbessert oder
verschlimmert seit Sie heute in dieses Gebdude
gekommen sind?

Wie stark ist dieses
Symptom im Moment?

verbesserr lffii1
keine VerAnderung ffi

verschlimmert 15 |

567

Ja Nein

ffiffi

sehr starksehr schwach

35. Haben Sie im Moment einen Hautausschlag oder eine
geriitete bzrr. gereizte Haut ?

Falls ja: hat sich dieses Symptom verbessert oder
verschlimmert seit Sie heute in dieses Gebdude
gekommen sind?

Wie stark ist dieses
Symptom im Moment?

verbessert lffi,il
keine Verdnderung ffi

.verschlimmert ffiI
567



Ja

ffi
Nein

ES

ffi

Nein

ffi

ffi

Nein

ffi

ffi
ffi

"36 Versptiren Sie im Moment Kopfschmeruen ?

Falls ja: hat sich dieses Symptom verbessert oder

verschlimmert seit Sie heute in dieses Gebiiude
gekommen sind?

Wie stark ist dieses
Symptom im Moment?

verbessert
keine Verinderung

verschlimmed

Ja

EHg7. Versptiren sie im Moment Miidigkeit oder schlaffheit

Falls ja: hat sich dieses Symptom verbessert oder

verschlimmert seit Sie heute in dieses Gebdude

gekommen sind?

Wie stark ist dieses
Symptom im Moment?

38. VerspUren Sie im Moment irgendwelche andere

Symptome?BeschreibenSiedieseSymptomebitte:

Falls ja: hat sich dieses Symptom verbessert oder

verschlimmert seit Sie heute in dieses Gebtiude
gekommen sind?

Wie stark ist dieses
Symptom im Moment?

sehr schwach

sehr schwach

verbessert
keine VerAnderung

verschlimmert

Ja

ffi
verbessert

keine VerSnderung
verschlimmert

4567

sehr stark

sehr stark

sehrstaksehr schwach

12 3 4 5 6 7

1234567



39. Wie wurden Sie die Temperatur in lhrem Buro zum jetzigen Zeitpunkt
bezeichnen? Bitte kreuzen Sie ein Feld an

sehr etwas
kalt kah k0hl angenehm warm

ffi
etwas sehr
heiss heiss

ffiffiEffiffiffiffi
klar akzeptabel

40. Wie wtirden Sie die lnnenraumluftqualitdt
. in lhrem Biiro zum jetzigen.Zeitpunkt
- beurteilen?

Bitte keuzen Sie ein Feld an

.g9l?g_e_.f 
'oc!:.-el<z-S-pleP_gl

.. gerade nicht mehr. akzeptabel

klar nicht akzeptabel

41. Wie w0rden Sie die lnnenraumbedingungen in lhrem Btiro zum
jetzigen Zeitpunkt bezeichnen? Bitte ein Feld pro Skala ankreuzen

Die fett umrahrnten Felder rnarkieren den ldealzustand

Temperatur

Luftbewegung

Luftqualitit

angenehm

zu ruhig

trocken

frisch

geruchlos

zu dunkel

konstant

nicht grell

sehr einheitlich

unangenehm

zu starker Luftzug

feucht

abgestanden

iibelriechend

zu hell

flimmemd

vielzu grell

sehr unterschiedlich

allgemein unbefriedigend

Licht

1234567

allgemein befriedigend



zuviele Ventilationsger5usche

'zuviel.anderer Ldrm

allgemein unbefriedigend

42. Konnen sie in lhrem Buro Einfluss nehmen auf folgende Faktoren?

Bitte kreuzen Sie ieweils ein Feld an

1234567
Temperatur uberhaupt keinen ffi beliebigen Einfluss

Luftbewegung0berhauptkeinenffibeliebigenEinfluss

tt"rt :::::::::::::m::':":::i::::::
49. wie wurden sie die sauberkeit in lhrem BUro bewerten?

Bitte kreuzen Sie ein Feld an

12 3 4 5 6 7

unbefriedigend ffi befriedigend

44. Rauchen andere Leute in lhrgr unmittelbaren umgebung Il:#"" il.ffi
wdhrend der Arbeit? liiiiii:ii{:l lii:ii::i:i::iil

45. Gibt es andere Raum- oder Klimabedingungen - Ja Nein

thres Biiros uber die Sie sich Sussern m6chten? lffi [ffi,fl
EEd IIJIjliII

Falls ia, beschreiben Sie sie bitte:

1.r""'
1..r....
It.
II . """':



46. Hatten Sie schon einmalAsthma?
Ja Neinffiffi

Hatten Sie schon einmal Ekzeme?
Ja Neinffiffi

48. Hatten Sie schon einmal Heuschnupfen?
Ja Neinffiffi

Rauchen Sie?

Ja

ffi+
Nein

ffi->

Rauchen Sie in diesem Zimmer?

Haben Sie fruher
regelmdssig geraucht?

Ja Nein

ffiffi
Ja Nein

ffiffi

Es steht lhnen frei, keinen Namen anzugeben. lhr Name wurde uns jedoch
erm6glichen festzustellen, ob alle Fragebogen zurrickgekommen sind. Wir k6nnten
ausserdem auf allfAllige Kommentare lhrerseits nAher-eingehen. Auf jeden Fall
werden'lhre lnformationen vertraulich behandelt und an keine Drittpeison
weitergegeben.

Sie sind am Ende des Fragebogens angelangt. Wir danken thnen frir lhre
Bemiihungen.



BurmrNcA
General information

Swiss National RePort

1. Building identification AFB

3. Situation Downtown. 7. Number of floors

area of each floor (m2)

number of offices

number of emPloYees

14

529

60

240

{. Trafficwithin 200m. Busy through road.

5. Near sources of Pollution Parking garage.

Indusry.

0

8. Year of building
oompletion

Year of total renovation

Yeu when present user
mrml

L',972

l'972

l'972
6. Activities besides offie work Only office work.

4

Flat roof

). No. of floors beneath ground

Roof tilt angle

10. Position of solar shadinP

Solar shadings: movement

No solar
protection.
0

11. Nurnber of glazing

GlazngtYW

Doublepane.

Clear.

Modification of?

Flooring

Insulation

Wall or ceiling lining

Windoun

Heatingsystem

Ventilation system

fev92

None

None

None

None

None

13. Furniture made of

Age of ftrniture

Mainly solid wood.

More than three Years.

14.Large green Plans

Plan6 treatment

Green leafed plants.

No treatement.

15. Smoking Allowed in separate rooms. t6. Office activities and

nachines
solvents

other chernicals

copyingmachines

laser printers

personperVDU

carbonless paper use

Tipex

Markers

Yes.

Yes.

1-2 persons
per\IDU.
No.

7. CleaningfrequencY

Tables

Walls

Wastringfloors

Vacuumcleaning

Mopping

Sweeping

Waxing

Spring cleaning

Time since last sPring
cleaning

Look of tlre floors

I to 3 times a month.

1 to 3 times a month.

I to 3 times a month.

I to 3 times a month.

Less than once a month.

I-ess than once a month

I-ess than once a month-

I-ess than once a Year.

18. Detergent for cleuring t)?e/name Fntent pH

cteaning agent linoleum

cleaning agent carPet

cleaning agenttables

cleaning agentsanitrY

Iaski TR 103

Taski TR 104

Taski Trik

Taski Crystal

$dactants, solvents,
soap, citrate, perfurne

tsopro,pyl alcool

Unkrontn

Surfastants, NTA, soaP,

cntnrs- oerfirme

Does not leave

afilm.
Polishorwax.

Does notleavt
afilm.

Building A, page 1
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Irutallation

Ventilation was switched ofrby mistake during the mea$rements.

[. Installation identification
2. Room heating

I-ocation of heatins
Hot water heating.
Radiators.

3. Room cooling Supply of oooled air.

4. Temperature control

Nisht set back

Adjutable thermostat
on radiator or urit"
No.

S.Ventilation of rooms

Windoun

Dual ducts balanced

rystern.
Windovrs can be ooened-

6. Design outdoor air change
Lowest outdoor air supply

More than 3 per hour
37 Vspers

7. Position air intake
height above ground
distance from

exhaust
distance from

:ooling towers

Onthe roof.
40
vert.0 hor.10

vert.0 hor. 10

8. Equipment vent sl4stem
Recirculation [7o]
Humidification s)rstem
Water purification
Cooling t,"e
Ffeat reenvenr

20
No humidification
None.

None-

). Ventilation system ory'off
Sensors for demand control

Automatically by a clock.
No nrch control.

Operatins at: lFrom o fuvs oerweek
firll performance
rcduced performance
stooned

06:0(

1R.?n

18:3(

06:0f I

T00Vorer;irlql/,ation
Partial recirculation 05:0( 18:3( 20Taealrrrair

10. Ductmaterid
Duct insulation

Galvanised steel.
E:rternal insulation.

11. Senrice
Air intake filter
Recirculation duct frlter
C.entral unit filter
Supply filter
Induction /fan coil filter

Class Last replacement Needing savice
1-08-90 No.
l-08-90 No.

0

Heating batteries
Cooling bateries
Heat exchanger
Humidifier
Ducts
Airoutlets inrooms
Air inlet in rooms

Last cleaning
1-09-93
1-09-93

r-0+93

Needing service
No.
No.
0

No.
0

0
0

12. Location air srpply inlets
Location airoutle8
Desi emed ventilation orinciole

h the ceiling.
High.
Mixins ventilation-

Buitding A,page 2
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Investigated room

The investi gatd, room is a large open office P"il9ing, in which measurements were

performed aI5 locations, it is conmnected to a small office in the northern part and to outdoor

for ttre rest.

'all materials inside fursulation

Insulation material

-arpet (needle) I%oareal

Vinyl(PVO lVoarcal

D'rspersion paint.

Acoustic panes.

t0

covering / treafnents
ins material (irrside strface)

above acoustic tiles [cm]
Dust above acoustic Panes?
Acoustic baffles below eiling?

Artificial.
Ceiling.
Fluorescent.
Manual.

of artificial lighting

rrrculd growth in rooms

Fteecy material [m2]

Window area [m']

6
I
23
Yes
ope
I
22

oflaser printers

of photocopiers

acoess fc cleaning?
to corridoroPen?

of \IDU withreflestion

Building A, page 3
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Questionnaire

TotaUl.[r Mean Stdev Percentage
80
n

of female occupants
of male occupants

ime at desk before filli

Tt 4.23 9.75
61 79
76 2t

15

4
17
I

spent in the b'uilding [yearsl
spent in the room [yearsl
per day at the desk

T7 10.01 7.62
76 2.86 3.79
74 6.93 1.53
76 41.93 6.05
75 B.n 10.55
72 16.56 4.s7

of people in the room

Rooms withwindocrc

76
4

74
75

5
70

All windows in this room were closed.

Health

Health durine past month Svmptom present for Better awav
Answers 1-5 Dasrs &10 Dans >10 darn yes no

Dry eyes
Watering eyes
Stuffynose
Runnynose
Dry throat
Chest tightness
Flu-like symptoms
Dry skin
Rash or irritatd skin
[Ieadaches
Laha[gyr
llther srnrrntomc

78
78
77
78
78
78
78
78
n
78
78
7t

25
12
29
2t
31
7

35
11

3
33
D
1

4
I

13

3
t6
3
7
5
3
4
7
I

8
I

13
4
7
2
4
l8
I
I
6
4

u
11

n
9

35
10
22
17
3

23
20
5

2
6

22
18

74
2
18
14
4
10

15

3
Seasonwhsrworst
(numbers of arswers)
Part of the day when worst
(numbers of answers)

Sorins Summer Autumn Winter Anv
65 I 3 9 28 u

Morninc Afternoon Evenins fuiv
66 9 10 10 37

Building A,page4



1.4

0.1
0.0

0.8

0.5

0.5

1.(
0.2

3.14
2.40
3.33
2.78
3.52
3.22
3.23
3.52
3.00
3.63
3.U

t2
4

L9
8

t4
5
8

17
4
4
5
1

0
0
0
0
0
0
0
0
0

1

0

78
78
78
78
78
78
n
78
78
78
78

Flu-like symPtoms

FYequency of building related symptoms

Only symptom, *rri"friirappear *t of Ut iUing are taken into account in this table' For each

symptom, tfre t eqre"cy is iie ratio of the number of person presenting the symptom to the

total number of answers..

Average air humidity on the audit day was 347o. This may exPlain the symptoms related to

ary""rr. 22 displaysbut of Z3haveglare, and this may explain dry eyes.

Swiss National RePort

Dryeyes W?12'
atering eyes 74Vo 3Vo

nose l2Vq.. 9VP

Cfiottightness L3Vo 9%i

ikJsymptoms 3Wo 16V9

skin 23Vo 32Vo

orirritated skin 4Vo 6Vo

Building A, page 5
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Environmental conditions

Environmental conditions oast month TotaUl.{r Mean Stdev

It-evel of thermal comfort

lhdoor air acceptability
rComfort temperafirre
Temperature variation
Airmovement
Airhumidity
Air stuffiness
Air odor
Ughtine
Noise

77
78
77
76
77
76
76
74
77
77

-0.35
1.55
2.82
4.Zt
4.53
2.54
3.39
2.59
2.72
3.12

L.02
2.Zt
1.55
1.12
1.21
t.t7
1.68
1.U
1.66
2.26

Level of therrnal comfort are on a -3 to+3 scale, Indoor air acceptability is on a -5 to+5
scale, while othervotes are on a 1 to 7 scale.

Environmental conditions now Total/l'{r Mean Stdev
Level of therrnal comfort
Indoor air acceptability
Comfort temperature
Airmovement
Airhumidity
Air stuffiness
Air odor
Lightbrightness
Liehtflickering
Glare
Light uneven
Lighting satisfactory
Noise from ventilation
Othernoise
Noise satisfactorv

78
77
77
77
76
77
76
77
77
77
77
77
77
77
77

-0.42
2.13
2.39
4.29
2.77
2.78
1.95
3.94
1.48
L.78
4.t3
1.95
2.42
3.57
3.10

0.71
2.22
1.46
1.23
1.09
1.75
1.2t
0.57
1.03
1.32
0.91
7.46
L.54
L.92
1.87

Building A,page6
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Environmental conditions: evaluation

fl;itarinn
Past month

rr,l o
Nowpl o Conclusions

Ihermal Comfort
Iermperature
Termperature variations
LAQ acceptabilitY
Air movement
AirhumiditY
Air sttrffiness
Air odor
Light brightness
Ughtflickering
Glare
Ughtuneven
Lighting satisfactorY
rNoise from ventilation
lotnrrnoise
lru.r;*" satisfactorv

-0.41

2.81

121
4.21

4.sl
2.sl
3.41

2.1

3.1

1.01

i:?l
2.21

1.11

L.2l
r.2l
L.7l

1.

2.3

7

0.41

2.41

l,i\
2.81

1.el
3.el

1.5
1.8
4.1
1.9
2.4
3.6
3.1

0.71

1.sl

I

2.2
1.2
1.1

1.8
L.2
0.6
1.0
1.3
0.9
1.5

1.5

1.9

1.9

Comfortable
Comfortable
Nice
Unacceptable
Nice
Nice
Acceptable
Faint smell
Fine
Very stable

lNo glare
lNice
lBxcellent
lNo noise
lNo noise
lcooa

absence of mechanical ventilation'

Health and direct environment

lnfluence on P o Concltrsions

-temperature
-ventilation
-Ughting

Cleanliness

2.5
1.1

4.9

6.4

L.l
0.(
2.e

t-2

Weak influence
No influence
Acceptable influence
Verv clean

Estimation of occupant's influence on indoor conditions

p is the average oot" * a 1 (no influence, unsatisfactory) to 7 (total influence, satisfactory)

scale. ais frJstandard deviation of the votes within the population'

2t%
37Vo

L07o

ZtttVo

l9Vo
l6Vo
227o

l6Vo

16
26
8
L9
15

11

5
10

75
7L
78
78
77
67
23
il

have smokingneighbors
bring comments onmy environment

had asthmaticProblems
have suffered from ec7-erna

I have suffered with haY fever

Do you smoke?
you smoke in this room?

Building A.,page7
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Building symptom indices

Correction factors are based on female clerical.

Sensory measurements

Uncorected BSI's
Number

Past month
Shoalist Fulllist

Today
Shortlist Full list

Women AII women
Managers
Specialists
Clerical
Others

1(
z

4

10

0

3.8
4.0
2.8
3.7
0.0

4.9
4.5
4.3
5.2
0.0

2.2 3.3

2.5 5.C

2.5 3.5
2.0 2.3

0.0 0.0
Men All men

Managers

Specialists
Clerical
Others

60

13

39

7

I

2.7
2.8
1.3

1.6

5.0

3.i
3.9

L.?

2.0

5.0

1.8 2.2

1.8 2.2

1.3 7.?

1.1 1.4

3.0 3.0

GIobaI building gimptom indices Number Value
I-ast month, short list BSI fs
Last month, full list BSI ff
[-ast month, short list, corrected BSI fsc
[,ast month, full list, corrected BSI ffc

1.59

2.12

2.89

4.23

76

76

76

76

Today, short list B.SI ss

Iodan tull list BSI sf
Ioday, short list, corrected BSI ssc

foday, full list, corrected RSI sfc

76

76

76

76

7.34

7.74

2.45

3.17

Sensory evaluation Offices Supplv air Adiacent 1 Adiacent 2

Perceived airqudity
Location 1

I,cr,anolr.2
I-ocation 3
I-ocatron4
Location 5
(Iocation 6)

po
7.3 3.5

9.7 2.6

9.7 3.2

7.3 3.3

6.2 2.1

t,
2.7

o

3.0

3.0

3.0

3.0
3.0

2.7
2.7
2.7
2.7

9.7 2.5 2.7 0.9

Average 8.0 2.9 2.7 3.( 9.L 2.s 2.7 0.9

Cutdoor air 4.3 2.3

Building A, page 8



General Indoor Air Quality Measurements

Chemical analysis of air Offices SuppIl anr Ad-iacenl I Ad^iacenl 2

Carbon dioxide [PPml
I-ocation 1

I,oc,at'lLon2

Location 3

I-ocation 4
I-ocation 5
(Iocation 6)

tI

89C

96C

76C

774

78C

o

30

30

30

30

30

l-r

895

895

895

895

895

o

30

30

30

3C

3C

p o p o

Average 83: 3C 895 3( 80c

Outdoor air 42( 3C

Carbon monoxide [PPml p o p o F o F o

Location 1

I.ocanor'2
hcation 3
I-ocation 4
Location 5

fi.ocation 6)

<1

<1

<L

<1

<1

<1

<1.

Average <1

Outdoor air <1

Particulate matter [mg/m3l F o t,l o F o p o

[.ocation 1

[ocation 2

[-ocation 3

Lmatioll-4
l.ocation 5

(I-ocation 6)

0.3

0.3

0.3

0.3

0.3

0.2

0.2

0.2

0.2

0.2

0.: 0.2

Average 0.3 0.2 0.: 0.2

Outdoor air

MC[melm3] Toluene equiv F o F a u o u o

[-ocation I
l.ocation2
l.ocation 3

[.ocation 4
Location 5

(I-ocation 6)

0.18

0.15

0.13

0.15

0.11

0.02

0.01

0.01

0.01

0.01

0.24 0.02

0.58 0.02

Average 0.1( 0.01 0.20 0.02 0.58 0.02

Outdoor air

The mechanical ventilation was inadvertenfly hrned off during inspection in the morning of

the audit day. The time profile shows considerable variation, with a morning low close to

outside air concentrations, followed by a rise to about 800 ppm over t hour. The concentraion

drops to 600 ppm over lunchtime andrises again rapidly in the afternoon, reaching a steadily

Swiss National Report
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increasing pattern going from 800 ppm to 1000 ppm over ca.3 h. A small peak fu the early
afternoon could be due to the presence of the nsrtiffirg" panel.
The entire set of data fits a normal or a lognormal distribution equally well (or bad).
Rejecting the morning rise and the lunchbreak depression as being nonrepresentative of the
usual conditions causes a more than 10 %o rise in the average concentration.The resulting
average of about 860+80 ppm slightly exceeds the 800 ppm (time-weighted average) upper
comfort limit recommended by some organisms for control of body odors. The remaining
values are however poorly represented in either a normal or a lognormal distribution,
considering that the standard deviation still represents 9Vo of. the average. This may partly be
e4plained by the upward trend of ca. 100 ppmft observed over the working periods.

Building CH-A
Carbon dioxide cont. meas.

Average

ppm
SD

ppm

Geomean

ppm
GSD Median

ppm

Mar.
ppm

All data points, location 4 773 t40 760 05:02 782 l0l3
Reject l0:30-l l:12 (morning rise) & 12:06-13:30 (lunch break)
Selected data I aoz I tt I rse I r.oe I s+r I rorr

08:(X) 0q00 10:00 l'l:fl) 12:00 13:00 14:(X) 15:(X) '16:(X) 17:@ t8:00

Figure A1: CO, concentration veaus time. Moning coffee break and lunch time result in
clear decrease of corrcentration. The COrconcentration increases during the day because the
ventilation was offand the window were closed

800
oto
?6oo
CL
CL

200

0

3.0

LO

1.0

3.0

LO

1.0

? o.o

-1.0

-LO

-3.0

? o.o

-1.0

-LO

-3.0

Jv
dr

0 50 100 0 50 100

cunul % q.rnul %

Figure A2: Cumulatedfrequencies of COrconcentratiora. LeJt: all valaes. Right: selected
values.

d -d ,# r
trI )

$
{

-8
d

^JfF
{
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VOC: comPound Concentration [PglL
ethanol

acetone

dichloro methane

toluene

m-xylene

acetic acid ?

C? alcohol
aliphatic CTH|6
n-heptane

methyl-cyclohexane
trimethyl-benzene

lbenzaldehyde
l2-methyl-pentane
lcsrzog 

"rtoI

lz

2L

19

16

t4
9

6

6

5

4
4
4
4
3

3

3

General Indooor Climate Measurements

-Temp. 
"C

Stop time
17:00

17:00

17:00

17:00

17:00

17:00

Start time
11:00

11:00

11:00

11:00

11:00

11:00

temperature 0,1 m ["C]
Air temperature 0,6 m ["C]
Air temperature 1,1 m ["C]

ive temperature ["C]
Relative tunn&ty l%ol

23.s0

23.00

22.fi
22.W

21.50

21.00
09:30 11:54 14:18

Temps [hl

16:42

Figure A3: htdoor air temperature during the audit day'
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Airvdocity [m/sl at 0,1 m 0,6m l,1m

[-ocation 1

I-cr;atror.2
I-ocation 3
Locatron4
Location 5
(Location 6)

pc

0.74
0.10

0.10

po

0.09

0.23

p o

0.16

Average 0.11 0.16 0.16

European Audit Project

In our cases, mean radiant temperature was always calculated from air and operative
temperatures.

Air temperafures at 0,1 m 0,6m l,lm Supply air
Iaation 1

Lcr,,atrola2

Iocation 3
Lx,atton 4
l-ocation 5
(I-ocation 6)

23.0

22.3

22.0

22.9

21,.5

Average 22.3

Cutside air 11.5

Mean radiant temperafure
At 1,1 m Calculated

Operative temperatrre
Measured lC.l".rt.t.a

Location I
Lcr;atjolr-2
Location 3
Iocation 4
[.ocation 5
(I-ocation 6)

21.e

79.',j

19.8

18.6

19.5

22.3

21.0

21.0

20.7

20.5

Average 19.8 2r.7

Building A,paget2



Relative HumiditY 1,1 m Supply air Adi. room

l.ocation 1
Locatron2
[-ocation 3

I,cr,,atior^4

I-ocation 5

(I-ocation 6)

33

33

34

36
35

Average 34

Cutdoor air 65

Swiss National Report

Noise tdB (A)l Office A.djacent

l-ocation 1

I'ocafiLon2
Location 3

Location 4
Location 5

(Location 6)

4
48
47
47
48

40

Average 46

Outdoornoise

0.42

0.07

0.31

0.23

0.L2

0.23

2400 1000

1600 110

1800 550

2200 500

2600 300

2120 492
(Iocation 6)

Average

DLF= Day UghtFactor

Building A, page 13



European Audit Project

Ventilation measuremenb

atlocation Nr
flow rate from ventilation

tmcertainty
flow rate from hall

uncertainty
flow rate from other space

uncertainty
krfiltration

uncertainty

Airflow rates in m3&. Total is total air flow rate into monitored area

Pollution load
Source intensity Total

Totalolfactiveload 76

incertitude 18

Olfactive office load -10
uncertainty 60

loadfromventilation 0

uncertainty 0

Loadfrom srnokers 18

uncertainty 1

Loadfrom occupants 18

uncertainty 1

Loadfromothersources 40
uncertainty 60

olf
olf
olf
orf
olf
orf
olf
olf
olf
olf
olf
orf

Carbon dioxide 40
uncertainty 20

corresponding to 2
uncertainty 1

Number of working places 18

W
W
persons

persons

persons

Total is total pollution load in monitored zone.

Air flow rates in ventilation system [m'/hl Planned Measued +

Total airflow rate into buitding
Fresh air flow rate into building

Recirculated air flow rate

Recirculation rate

Estimated airchange rate IAJ
Estimated fresh air per person [V(s.pers.)]

87'000

34'800

52',200

60Vo

1.88

40

36'000

29'000

7'000

L9Vo

4'000

900

0.00

0

Building A,page74



Weather conditions on audit daY

Weather station

Date

Description

r0.7 9

10.8 8.1

10.0 7

0600-1200

1200-1800

ive humiditY 0600-1200

ive humiditY 1200-1800

Swiss National RePot

ation of liters' kg' kWh' etc into MI' are not

significant.
i;" 

"rrog7 
index of that building is very high. A retrofit of this btrilding was planned to start

immediatelY after the audit.

Enerry consumPtion

iaitrr 4625'712 443'876 4'770'972 4798'04

Dry wood, deciduous trees

9'394236 8'960'710 7'548',599 7'.8/,8'.202 392'.41

1',900

3',n4
7

l'.268
625

1',800

3'378
6

t'2L0
600

1'700 1'700

3',025 3052
77

1',019 1'060

Wu8
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BUTLDING B

General information

SwISS NATIONALRIFORT

1. Building identification. B

3. Situation Domtown. 7. Number of floors

area of each floor (m2)

number of offices

number of emPloYees

6

3'546

19

750

4. Trafficwithin 200m. Busy through road.

5. Near sources of Pollution Parking gara$e.

krdustry.

0

8. Year of building comPletion

Year of total renovation

Year when Present rrser
e,nfered

1'980

1'980

1',980
i. Activities besides office work Only office work.

1

Flat roof
). No. of floors beneath gound

Roof tilt angle

10. Position of solar stradings

Solar shadinP: movement

Inside.

krdividual.

11. Number of $azng
GlazngtYPe

Doublepane.

Light absorbing.

12. Modification of?

Flooring

Insulation

Wall or ceiling lining

Windows

Heating system

Ventilation sYstem

None

None

None

None

None

None

13. Furnitr.re made of

Age of furniture

Metal.

More than three Years.

L4.Large green Plants

PlanB treatment

Green leafed plants.

0

15. Smoking Allowed in sepamte roorns. 16. Office activities and machine

solvents 
lt

other chemicals 
l:

copyng machines 
Ilaserprinters 
IpersonperVDU 
I

carbonlesspaPsuse I

!o solvenB

None

Yes.

Yes.

L-2.

No.

7. Cleaning frequencY

Tables

Walls

Washingfloors

Vasuum cleaning

Mopping

Sweeping

Wa:<ing

Spring cleaning

Time since last sPring
cleaning

I-ook of the floors

24 tines a week.

Less than once a month.

Once aweek.

I to 3 times amonth.

0

0

0

I-ess than once a Year.

Clean floors.

18. Detergent for cleming typelname x)ntent

cleaning agent linoleum

cleaning agent carPet

cleaning agent tables

cleaning agent sanitarY

Wetrok-Karpfom

Wetrok-Safe

Wetrok-Brilant

Wetroc-Reocid 2000

aromatic substan@, not mineral water,

propan,

natursoap, not mineral wate, slipping
protestion
high alcohot, glycol, odors,colour, water

Alcoholhoxilate, citron, alcohol, @lour,
water- inibitor of calcareous

Does not
leave a film.
Does not
leave afilm.
Does not
leave a film.
looorrot
lbave afiIm.

BUILDING B, Page 1



EUROPEANAUDIT PnoTecT

Installation

1. Installation identification
2. Rmmheating

Location of heatinc
[Iot water heating.
Radiators-

3. Room cooling Supply of oooled air.

4. Temperature control

Nightset back

Adjustable wall
thermostat.
0

S.Ventilation of rooms

Windows

Dual ducts balanced
systern.
Windows cannot be
ooened.

6. Design outdoor air change
Lowest outdoor air supply

I to 3 per hour.
25 Uspers

7. Position air intake
height above ground
distance from

exhaust
disturce from

rcolingtowers

Close to theground.
I
yerlZl hor.70

vert.?A hor.0

B. Equipment vent system
Recirculation PaI
Humidification s),stern
Water purification
C.oolingt5,pe
Heat recoverrr

33
Spray.
UVlamp.
Mixingboxes
Plate exchaneer.

9. Ventilation system ory'off
Sensors for demand control

Automatically by a clock.
!,lo such control.

Operatins at: From lo davs per week
full perforrnance
reduced performance
stoooed

05:00

18:00

18:00

05.on

E

5

1007o recirculation
Partial recirculation

10. Ductmaterial
Duct insulation

Galvanised steel.
F-rterrrrl insrlatirm

11. Service
Air intake filter
Recirculation duct filter
Central unit filter
Supply filter
Induction / fan coil filter

Class
EU3

EU8

Last replacenrent Needingservice
11-03-93 No.

0
26,03-92 No.

Heating batteries
Cooling bateries
Heat exchanger
Humidifier
Ducts
Air outlets in rooms
Air inlet in (xnns

Last cleaning
1-10-9:
1-10-93
l-10-93
1-11-93

Needing service
No.
No.
No.
No.
No.
Yes.
No-

12.I,ocartion air supply inlets
Iocation air outleB
Desimed ventilation orinciple

Inthe ceiling.
HiCIL
Mixine vmtilation.

BIJILDING B,page2



Swlss NATToNALREFoRT

Investigated rooms
These ,." truo large zones, furnished the same manner, separatd by a hall. Bentax zone is

equipped with Bentur ionisers in the air handling unit, while normal zone is not'

6
Hall

Other.

Mineralwool.
4

all materials irside

lnsulation material

Felt carpet (needle)

ap carPet \Voareal
woodl%oareal

inyl (PVC) lVoueal

Unpainted textiles.

Acoustic panes.

70

Yes.

No.

Enamel
paint.
Acorstic
panes.

Yes.

No.

all coveing/teafinents

ine material (inside

above acoutic tiles

above acottstic

Artificial and DaYlight.

Ceiling.
Fluorescent.

Artificial
and
Daylight.
Ceiling.
Fluorescent.

of artificial liehting

No.
No damp spots.

No.
None
No.

627
3
22
201.6
225
u
2A

880
3

v
135
40
75.6
20

875
3
55
140
430
70
20

Itil
3
76
237.6
763
143
t2

200
3
0
0
0
0
0

of work places

12
1

56
Yes

Open
t6

7
1

29
Yes

Open
8

14
1

51
Yes

Open
3

17
2
86
Yes

Op€n
16

oflaser printers

of phoocopiers
of VDUs

Door to corridor oPen?

VDUs withreflection

BIIILDING B, page 3



1s0
l4t

umber of female occupanb
Number of male occupmts

l4t
u
57

23
25
68
u

spentin the building tyears]
spentinthenoom [yeanl
rrrday atthedesk

140 5.42 3.80
137 2.97 2.06
141 7.52 2.12
r39 4t.n 4.38
139 26.47 77.71

Numberof people in the rmm 13I 66.02 37.61
13

728
124 5.86 6.45

0

EunoppauAuorrHnorecr

Questionnaire

The number of people in the room does not have the same meaning in large open offices than
incells offices.

Health

Health durins oast month Svmptom oresent for Better away
AnsEers 1-5 Davs 610 Darn >10 davs Yes no

Dryeys
Watering eyes
Stuffy nose
Runnynose
Dry throat
Clrcst tightness

Flu-like symptonrs
Dryskin
Rash or irritated skin
Headaches
Lahr:gr
Othersvmotrrns

141
140
t4t
139
141
t4t
141
141
140
t4t
141
tt7

55
25
4t
46
45
t9
60
12
19

68
63
tt

18

4
25
10

t9
t4
23
72
6
t4
20
t2

22
5

35
4

28
9
13
35
ll
10

31

7

87
33
70
30
73
u
55
43
18

6
g?

11

7
1

29
32
18
9

38
t4
t9
2t
18
4

Season whenworst
(numbers of answers)

Part of the day when worst
(numbers of answers)

Snrinc Summer Autumn Winter Anv
131 3 2 1 47 78

MorrTincr Aftemoon Evenins Anv
130 13 37 2l 59

BIJILDING B,page 4



Frequency of buildiag related symptoms

Orrfy ryo,itornr wtricnlisappear out of miUirrg are taken into account in this table' For each

,y,,pto., tf,. frequency is i; ratio of the number of person presenting the symptom to the

total number of answers..

SwESNATIoNALRTPont

The symptoms related to air dryness are strqprising, since relative airhumidity is more than

40Vo.

3.U 1

3.45 0

2.92 1

3.76 0.

3.48 0.

3.02 I
3.43 0
3.57 0
3.32 1

3.62 0

0
0
0
I
I
0
0
1

0
0
I
I

t5
2

31

6
28

8

33
31
t4
7

2l
4

741
t4l
t4t
140
t4t
140
t4l
t40
140

t4l
147
122

or irritated skin

TttVo

BUILDING B, page 5



EuRoPEANAuDrrkorscr

Environmental conditions

Environmental conditions past month Total/l'{r Mean Stdev
kvel of thermal comfort
Indoor air acceptability
Comfort temperature
Temperature variation
Airmovement
Airhumidity
Air stuffiness
Air odor
Lighting
Noise

136
140
139
734
139
138
139
139
740
740

0.20
0.53
3.31
4.33
4.41
2.59
4.65
3.55
3.32
3.88

1.18
2.28
1.60
1.35
1.54
1.20
7.U
1.76
2.00
1.98

Level of thermal comfort are on a -3 to+3 scale,Indoor air acceptability is on a -5 to+5
scale, while othervotes are on a 1 to 7 scale.

Environm ental conditions now TotaUl.{r Mean Stdev

Jkvel of thermal comfort

llndoor air acceptability

lComfort temperature
lAirmovement
lei.n -iaity
Air stuffiness
Air odor
Ligtrtbrightness
Lightflickering
Glare
Light uneven
Lighting satisfactory
Noise from ventilation
Othernoise
Noise satisfactorv

140
140
139
139
139
139
137
138
734
134
133
138
740
137
139

0.06
1.19
3.15
4.25
2.93
3.96
2.97
3.72
7.96
2.48
4.12
2.70
3.77
3.92
3.55

1.08
2.32
L.67
1.40
1.26
1.68
7.67
0.93
1.38
1.81
1.10
1.80
1.89
1.79
1.81

BT ILDING B,page 6



Srryss Netoxar,Rsnont

Environmental conditions: evaluation

The indoor air quality is not well judged by ocorpants. Otlrer parameters are OK.

Health and direct environment

percentage of smokers is higher than the national average. Many non smokers complained

about smoking neighbors.

Estimation of occupant's influence on indoor conditions
p is the average voti on a 1 (no influence, unsatisfactory) to 7 (total influence, satisfactory)

scale. ais the standard deviation of the votes within the poptrlation.

lnfluence on p o Conchsions
-temperafiJre
-ventilation
-Ughting

Cleanliness

1.3

t.4
2.(
4.C

1.0

1.0

t.4
2.7

No influence
No influence
No influence
Clean

Many ocanpants complain about the lack of influence on their environment

Comfortable
Comfortable
Nice

Nice
Nice
Acceptable
Smelly
Fine
Very stable
Faint glare
Nice
Good
Nonoise
No noise

4.
0.
4.
4.
2.

4.

'ermperafure variations

Q accaptability

igtrt brightness

ing satisfactory
from ventilation
noise

TotaUNr Nb yes Percent

I have smoking neighbors

I bring comments on mY environment

I had asthmatic problems

I have snffered fromeczema
lhave suffered with haY fever

Doyou smoke?

Do you smoke in this room?

Did you ever smoke?

SlVo

32Vo

6Vo

297o

27Vo

4Uo
62Vo

287o

113

43

8

41

38

55

48
?A

140

135

1,41

t4L
141
L32

78

86

BUILDING B,pageT



EunopmNAuorrPnorecr

Building symptom indices

Building symptom index is fairly high in this building.

Correction factors are based on female clerical.

Sensory measurements

Uncorrected BSIs
Number

Past month

Short list Full list

Today

Short list Full list

Women All women
Managers

Specialists

Clerical
Others

57

6

4

37

10

3.5

3.7

2.5

3.6

2.9

5.2

5.5
.E

5.4

4.2

2.3

2.5

1.3

2.6

1.3

3.2

3.3

2.5

3.5

2.0

Men All men

Managers

Specialists

Clerical
Others

83

7?

27

31

14

2.9

2.8

2.5

3.1

2.5

3.8

3.7

3.1

4.2

3.4

1.8
1.5

1.9

2.3

7.6

2.4

1.9

2.5

3.0

2.2

GIobaI buildine s5imptom indices Number Value
[,ast month, slrort list BSI fs
[,ast month, full list BSI ff
[.ast month, short list, correc.ted BSI fsc
[,ast month, fuU list, corrected BSI ffc

740
t40
140
740

3.03
4.2t
4.79

7.07

Today, short list BSI ss

Today, full Ust BSI sf
Today, short list, corrected BSI ssc

Ioday, full list, corrected BSI sfc

140 2.05

L40 2.77

L40 3.27

140 4.42

Sensor:y evaluation Offices Supply air Adiacent I Adiacent 2

Perceived airquality
Location 1

I,cr,ztjon2
Location 3

I,ooanon4
I-ocation 5
(Location 6)

4.8 1.3

6.1 1.7

6.5 2.1

6.7 1.6

6.6 2.2

P"a
3.6 1.3

3.6 1.3

3.6 1.3

3.6 1.3

3.6 1.3

9.4 3.4

Average 6.1 1.8 3.6 1.3 9.4 3.t
Outdoor air 2.12.1

BLTILDING B, page 8



General Indoor Air Quality Measurements

1 Adjacent 2
Chemical analYsis of air Offices Supply arr A.djacenl

Carbon dioxide [PPml
l.ocation 1

l-ocanot2
[-ocation 3

l-ocation 4
Location 5

(I-ocation 6)

p
570

620

630

670

620

o
30

30

30

3C

3C

p
40
40
440

4Q
4Q

o
30

30

30

30

30

p

620 30

l.r o

40 30 62( 30
Average 622 30

Outdoor air 37! 1C

Carbon monoxide hP-l pl o p o F o p o

<1.

<1

<1

<1

<1

<1

location L

Locattor^2
l,ocation 3

I-ocation 4
I-ocation 5

(Location 6)

<1

<1

<1.

<1

<1

<1

Average

Outdoor air <1
p a p o p o

P""ti.,rt te matter t!q@{- t, a

location 1

I-cr,,atioln2

Location 3

[-ocation 4
Location 5

(I-ocation 6)

0

0.35

c

(

0.9

0.01

0.01

0.01

0.01

0.01

0.01Average 0.25

Cutdoor air 0 0.01

fVOC[mglm3l Toluene "qql F a F o F o p ('

0.02

0.02

Location 1

I.cr;attorl.2
I-ocation 3
Location 4
I-ocation 5
(Location 6)

0.19

0.23

0.16

0.16

0.23

0.01

0.02

0.01

0.02

0.01

0.18

0.15

0.16 0.02Average 0.19 0.0

Outdoor air 0.06 0.01

Svnss NarroNlr- I{EPoRT

COr level is low, and CO, dust and VOC levels are negligible'

BIIILDING B, Page 9



EURoPEANAUDITkoJEcT

770
760

E zso
o-.g 740

.E 730

E 720

E zto

fi zoo

.. 690

8 680
670
660

12 13 t4

Time

Figure 7: CO2 concentration at location 2.

1200

1000

M

09:00 10:00 11:00 12:00 13:00 15:00 18:00

Figure B1: COrconcentration versus time. Dotslor location2 and circlesfor location 4.

TVo locations were monitored (cf. building description, chap. 2.2.1),resulting in two very
similar steady time profiles, possiblF with a very slight downward trend over tlre day. The
averages in botlt locations differ by about 80 ppm and are both well above the outdoon
coacentraion. The relative standard deviation is very low at both locations (3Vo),yet the data
fit a normal distribution quite well. The obsenred pattern reflects a steady state produced by a
stroflgly balanced source and ventilation system.

08 18177615111009

800
(\l
o
E 600
o.
CL

0r-
08:00

Building CH-B
Carbon dioxide cont. meas.

Average

ppm
SD

ppm
Geomean

ppm
GSD Median

ppm
Mar.
ppm

Location 2 (full dots) 724 24 724 1.03 725 762
Location 4 (open circles) &9 t9 649 1.03 6s2 690

-
-t \-

"tti&>8
7

glr- \
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Swrss Nerroxer. Rrponr

3.0

z0

1.0

? o.o

-1.0

-2.0

-3.0

J
/2'Zr

,b
J

3.0

2.0

1.0

fr o.o

-1.0

-2.O

-3.0

0s0
cumul%

100 50

cumul %

Figure82: Cumulatedfrequencies of COrconcentratiors. Lefi: allvalues. Right: selected

values.

VOC: compound Concenhation [ug,/m3l

toluene

dodecanoic acid ?

LLimonene
acetone

C5H2O8 ester

m-rylene
aliphatic CTH76
2-meth-1,3-butadiene

1,1,1-trichlorethane
benzaldehyde

belnurlic acid ?

?

trimethyl-benzene
dichloro methane
2

14

11

8

8

6

5

5

5

4
4
4
3

3

3

3

Genenal Indooor Climate measurements

Ij
fla

ttilTg
^{f

t
I

Continuous measuremenb Location Nn 5

Airtemperattue 0,1 m ["C]
Airtemperature 0,6 m ["C]
Airtemperattue 1,1 m ["C]
Operative temperature ["C]
Relative tutrnidrty lVol

Carbondioxide [ppm]

Start time
09:00

09:00

09:00
09:00

09:00

09:00

Stop time
77212

17:L2
17:12

17:12

17:L2

t7:12

lr"

zt.6
22.0

22.6

2L.t

4
72:

(,

0.2

0.2

0.2
0.1

2:

Min
2t.2
21.6

22.2
2l.t

4i
66(

Max.
2r.9
22.3
23.0

22.:

4t:

76i
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EunopmNAuon koncr

.0,1 m 0,6 m 1,1 m

...2.- ,'\../'.-a {J\-.1'....,/'-"

,\.r..r'\.t'

12 13 t4 15 16

Time [hh]

Figure 2: Temperatures vetsus time at location 2. Note a gradient of 1 Kln between head and
ankles.

23.2
23.0

- 22.8

?- zz.a

CI 22.4

€ 22.2
b ,7o
E zt.B
Fr 2r.6

21.4
2t.2

Air velocity [m/sl at 0,1 m 0,6m 1,1m

location 1

I,cr,ation.2
Location 3

Location4
Location 5
(Location 6)

Average

[r
0.27

0.11

0.74

0.16

0.22

0.17

o
0.02

0.02

0.02

0.02

0.02

0.02

[r
0.13

0.16

0.16

0.1?

0.10

0.14

o
0.02

0.02

0.02

0.42

0.02

0.02

p
0.12

0.L4

0.15

0.11

0.16

0.14

o
0.0,
0.02

0.02

0.02

0.02

0.02

Air temperatures at 0,1 m 0,6m 1,fun Supply air
Location 1

Lrcanon2
I-ocation 3

l-ocation 4
Location 5
(Location 6)

22.9

22.9

22.9

23.0

23.0

23.0

Average 23.4

Outside air

BUILDING B,page12



Mean radiant temPerafu re
At 1,1 m Calculated

Operative temPerature
Measured lCat"rt t.A

l-ocation 1

I,cr,afloll.2
l-ocation 3

I-ocation 4
Location 5

(I-ocation 6)

20.6

20.7

19.9

19.0

20.2

21.8

2L.6

2t.5
21.7

21.7

Average t9.9 2L.5

Surss NerroNlr.RrpoRr

In o,r cases, mean raaiarrt temperature was always calctrlated from air and operative

temperatures.

Relative HumiditY l,1m Supply air Adi. room

Location 1

I-ocation 2

Location 3

I-ocation 4
Location 5

(I-ocation 6)

46

47

51

52

51

52

Average 50

Outdoor air 72

1'300

L'290

l'280
l'270
l'260
l'250
l'240
L',230

t'220
l'210
1'200

Time

Figure 3: Water vapour pnessure vefsus time at location 2.

d
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Noise IdB (A)l Office Adjacent
I-ocation 1

Lcr,atlion,2

I-ocation 3
Lcr,ation4
Location 5
(I-ocation 6)

48
42
42
45
47

Average 45

Outdoornoise 53

EunopuNAuorrkorEcr

DLF= Day Light Factor

Ventilation measuremen8

Air flow rates in ventilation system [mrft] Planned Mearued t
Total airflow rate into building
Fresh air flowrate into building
Exhaustfrom building
Extractd to outdoon
Recirculated air flow rate
Recirctrlation rate
Estimated air change rate

Estimated fresh air per person

109'500

36'500

98'500

26'.000

73'000

0.7

0.7

13.5

82'500

36'000

58'500

11'500

46'500

0.6
0.7
13.3

28',500

31'000
3'500

8'000

7'000

0.2

mslh

m3lh

h
I/s.person

Air flow rates measured with tracer gas are large enough, b'ut slightly smalle,r than planned
and than measured with velocity traverses using Pitot tubes.

Ught Lux DLF
Location 1

Locanon2
I-ocation 3

Iocation 4
I-ocation 5
(I-ocation 6)
Average

400

420

400

380

420
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Mesure atlocation Nr ge"ta* No"or"I Tot"l

Airflow rate from ventilation
uncertaintY

Air flow rate from hall
uncertainty

Air flow rate from other sPace

uncertaintY
Infiltration

uncertaintv

16'000 zz'vuu
2'000 2'000

00
00
00
00
00
02

6'300
600

0
0
0
0
0
1

Swss NenoNelRxFoRI

ffid is total airflow rate into monitored area.

Pollution load

Total is total pollution load in monitored zone'

Load from oeirtil"tioo looks negative. In fact, it is not significantly differentfrom zero.

Bentor Normal
olf
olf
olf
olf
olf
olf

306
148
400
200

-100
200
60
20
22
10

400
200

uflcertainty
corresponding to
uncertainty

1',100

200
63
10
22

3',700

500
2L0

30
55

Weather conditions on audit daY

ZiiichSMA
25-0L-94

Overcast

7.8
8.5

95

90
4.0

humidity 0600-1200

humidity 1200-1800
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EURoPEAN ATIDIT K,orrcr

Energr consumption

Note that most digits, resrlting from transformatiom of liters, kg, kWh, etc into MI, are not
significanr
Energy index is witltin the national Swiss average, btrt electricity constrmpion is especially
hieh.

use [M[ n1992 l'991 L'990 1'989 Uncertainty
6'.769'.000 6'926',000 6,403'000

12' 034'.836 12'.711'26/ 1 1'991'169

18'803'836 19',037264 1g'394'169

880 890 860

BLTILDINGB, page 16



IAQ Sfiifa measurements

IAQ Stiifa Day 8:00-18:00

Mean Stdev. Mini Mard

Night 20:00-06:00

Mean Stdev. Mini Mard

Location a

[-ocation b
[-ocation c

7.t5 0.16 6.74 7.38

6.95 0.22 6.47 7.37

7.15 0.21 6.6L 7.48

7.30 0.07 7.21 7.47

6.97 0.04 6.91 7.03

6.76 0.08 6.68 7.17

average 7.08 0.19 6.61 7.47 7.01 0.06 6.93 7.22

o

20.jeo

7

6

80

60

4{'

20

0
25

24

B
n
21

?n

Swlss NATIONALREPORT
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50
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z1

z7

D
Z2

2t
00:00 02:fl) O4:q) 05:00 ot:00 10:00 l2:fi) 14:00 l6:fl) lt:fi) 20$o 22fi 00:00

It can be seen that the audit day does not show any qpecial event in temperature, air moisture

or IAQ as measued by multigas sensor. Ventitation is on from 06:00 to 19:00

\n- _N--

l. .A

-[A \ AJ\ .^$/\ /qJ\ -T\

lr \.r/\\L . .l lr t/ V
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EunoprexAuonkorecr

Ions and Radon:

fime
bqin end

lons
office

+ tons
Mean Max. Min

.lOnS

Mean IUax. Min
I-ocation 1 15:48 76:47

I'ocanonz t4:41 75246

Location 3 L2:25 14:34

Icrcation4 10:00 ll:27
l,ocation 5 76:52 17:50
(Ioation 6)

254 383 100

n6 741 101

237 743 100

189 3s3 0

207 463 30

180 286 0
176 330 28

310 478 191

244 538 123
222 485 80

Average 233 537 66 226 423 U
Outdoor

Ications 1 aad 2 are equipped with Bentar ionisen in the air handling unit. These locatioru
presenthowever less negative ions than the normal zone, while the difference in positive ions
is not signiticant.

I
I

I
2
4

<15

<15

<15

<15

<15
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BUILDING C

General information

Sqrss NITIoI.IALRIPoRT

1. Building identification. c
3. Situation Downtown 7. Number of floors

area of each floor (m2)

nurnber of offices

number of emPloYees

5

7'688

10

l',200

4. Traffic within 200 m. Busy through road.

5. Near sources of Pollution Parking gffaEe.

0

3. Year of building comPletion

Year of totd renovation

Year when user entered

1'990

1'990

1'990
6. Activities besides office work Only officework.

0

Flat roof
9. No. of flmrs beneath gound

Roof tilt angle

10. Position of solar shadinP

Solar stradings: movenrent

Inside.

Automatically
controled-

11. Nnrnber of gJazng

GlazngtYW

Triple pane.

Clear.

12. Modification of?

Flooring

Lsulation

Wall or ceiling lining

Windows

Heating system

Ventilation system

None

None

None

None

None

None

13. Furniture made of

Age of furniture

Veneered ctrip board.

3 years or less.

14.Large green Plans
Plants treatment

Crreen leafed PlanS.

No treatement.

15. Smoking Not allowed. 16. Office activities

solvents

other chernicals

copyingmachines

laser printers

penlonperVDU

carbonless paper use

No solven8

None

Yes.

Yes.

t-2

No.

17. Cleaning frequencY

Tables

Walls

Washingfloors

Vacuum cleaning

Mopping

Sweeping

Waxing

Spring cleaning

I-ook of the floors

Daily.

Less than onoe a

month.
Daily.

Daily.

0

0

L0

ll-ess than once ayear.

lc,u-
18. Detergent for cleuring

cleaning agent linoleurt

cleaning agent carPet

cleaning agenttables

cleaning agentsanitary

rypelrl^anrc

Taski Nof

FizWl22l

Clinex Superactiv
Steinfels

fotuuonWa"x
161730

content pH

1 -57o Alkohol, l-SVo glYcr,l, )lA?o
lemoru< 1 7o pneservative,

5-15Vo ethoxylate 0:AO), <17o NTA 1-

5Tophosphat
<57o oilsoaps, <SVoNa-

Alkalbenzolsnlphat, 4Vo ghcs,phaL <lVo

preserrrative, < lVo parfitm, <lVo Dyesitfif
5 -30Vo acideamidosulPhuric,
<1 qo*ornelic substance. >30Vo watg

Does not leave a
film.
Does not leave a
film.
Polish orwax

Does not leave a
film

BLTILDING C, page I



EunopBaNAuorrh.orBcr

lnstallation

1. InSallation identification
2. Roorn heating

I-ocation of heatine
Airheating. 3. Room cooling Supply of cooled air.

4. Temperature control

Nightsetback

Adjustable thermostat on
radiator or unit.
Yes.

S.Ventilation of rooms

Windows

Balanced VAV systern.

Windows cannot be
ooened-

6. Design outdoor air ctrange
Lowest outdoor air srpply

Morethan 3 perhour. 7. Position air intake
height above ground
distance from exhaust
distance from cooling

towers

On the roof.
20
vert.0 hor.10
vert.5 hor.0

8. Equipment vent systern
Recirculation PoJ
Humidification system
'Water purification
Coolingtype
Heat recovenr

0
Spray.
Biocides.
Heat exchanger
Rotatinswheel-

9. Ventilation system ory'off
Sensors for derrrand cnntrnl

Automatically by a cloclc
0

Ooeratine at: From to days oer week
full performance
rcduced perfamance
^stooned

06:00

17:.3O

17:30

05:00

5

5
l$Wo r*iranlation 106:00 06:I0 5
Partid recirculation Vrrefur:nair

10. Ductmaterial
fluct insulation

Galvanised steel.
External insulation-

11. Service
Air intake frlter
Recirculation dust filter
Central mit filter
Supply filter
Induction / fan coil filter

Class

Eu6
Eu6

Las replacement Needing service
0

1-01-93
l-0r-93

No.

Heating batteries
Coolingbauries
Heat exchanger
Humidifier
DucE
AiroutleB inrmms
Air inlet in rooms

Last cleaning
1-10-93
r-r0-93
1-r0-93
1-11-93

lNeedingseruice
No.
No.
No.
No.
0
0
0

l2.I.ocatron air supply inlets
Location airoutleB
Designed ventilation

orinciole

Inthe ceiling.
HiglL
Mixing ventilation.

BIJILDING C,page2



Summary
Roomname Ooen office Atrium

Wall materials inside insulation
krsulation material
Ihiclaness of irsulation [cm]

Concrete.
Fiberglas.
t0

Concrete.
No specific insulation.

Felt carpet (needle) lVoareaT

Nap carpet lVoareal
Lacquered wood lVoareal
Vinyl (PVC) lVoareal
Linoleum l%areal
TileslVoarcal
other (tvoe helrel l%oareal

100

100

Wall coveing / treatrnents

Ceiling material (inside surface)
Space above acoustic tiles [cm]
Dust above acotstic Panes?
Acoustic baffles below ceiling?
Anv other ceilinq trme?

Dispersion paint.

Acorstic panes.

70
No.
No.

Dispersion paint

Room lighting
Lighting location
Iype of artificial lighting
Cnntrnl af liohtino

Artificial ard Daylight.
Ceiling.
Fluorescent.
Automatic with manual end control.

Artificial ard Dayligtt.
Ceiling.
Halogen larnps.
Automatic.

Visible mould growth inrooms
Dampspots
Morld odor in room

No.
No dampspots.
No

No.
No damp spots.

No.

Area [mt]
Heigtrt [m]
Nb of work places

Fleerymaterial [m2]
Shelflength [m]
IVindow rea [m1
O,Ffiee derrth [ml

1580
2.8

99
60
86

180.32
10

800
t9
0
0
0

1139.8

Nb. of laser printers

Nb. of photocopiers
Nb.of VDUs
Acceptable rccess for cleaning?
Door to corridor open?

Nb. of \IDU with reflection
Nb of VDU with slare

3
4

ll2
Yes

Closed
5

t7

0
0
0

Yes

0
0

Sunss Neuoxlr,REFoRa

Investigated rooms
the invistigated locations were all in an open office room adjacent to an atrium.
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EunorrexAuorrPnorrct

Questionnaire

General Total/i.{r Mean Stdev Percentage

Questiormaires distributed
Cuestionnaires returned 9Mt

120
108

Age
Nurnber of fernale occtrpans
Number of male occupants
Tirne qt rlest hafnre fillincr arrasfinnneire

35.91

3.67

46Vc

54%

12.61

1.45

108
48
57

106

Managerial work
Specialist skill
Clerical
llthar

14

I
75
t4

l3Vl
1%

72Et
13q.

Time spentinthe building [yearsl
Time spent in the roonr [yu"o]
Hours pen day at the desk
Paid hours per week
Hours atVDUperweek
Dans oer month in the buildinc

104 2.75 2.55
98 2.26 1.02
106 8.77 3.58
99 40.07 11.81
r00 23.70 14.s9
78 15.74 8.21

Numbe of peopleinthe rmm
Rooms withoutwindows
Roorns withwindocrs
Distance from the window
People opening the window
People not ooenine the window

3%

97V.

0%

l$Wt

100
3

105
102

0

105

44.79

4.30 3.62

Heatth

Hedth durincoast month Svmotorn oresent for Betterawav
Answers 1-5 Darn 610 Days >10 days ves no

Dryeyes
Watering eyes
Stuffynose
Runynose
Dry throat
Orcsttightness
Flu-like symptoms
Dryskin
Rastr or irritatod skin
[Ieadaches
lrthrry
()ther svrnotrrrrs

707
IM
108
IM
106
102
704
105
102
107
105
82

33
23
30
30
v
t2
v
t2
10

5l
28
11

23
7
15
9
15
10

79
13
I

13
23
5

18
8

33
15
27
10
19
31
14
t4
35
5

62
32
49
v
59
n
49
39
t6
56
67
2t

9
8
18

19

t4
4

21
18

11

2t
10
4

Seasonwhenwast
(numbers of arswers)
Part of the day when worst
(numbers of answers)

Sorinc Summer ^Auturrn Winter Anv
93 1 4 1 33 54

Marning Afternoon Everrins Anv
93 l3 25 10 45

BT ILDING C,page4



Frequency of building related symptoms

onli sympoms wrricn-aisappear out or u"itoirrg are taken into accormt in this table. For each

ry.ito*, tft" frequenry is ihe ratio of the number of person presenting the symptom to the

total number of answers..

Scrxss Nruol.IAL RrPont

Air moistgre may not be the reason for symptoms realted to dryness, since relative air

humidity was 47Vo in average on the audit day'

3.57
3.53
3.72
3.il
3.91
4.18
3.43
4.20
3.67
3.58
4.08
s.00

18

10

20
t4
74

5
21
77
11

10
2l

3
0
2
3
2
1

3
1

1

2
2
0

106
104
106
105

103
103

102
103

101

106
103
93

33Vo

117o
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EunoprexAuorrh.orecr

Environmental conditions

Environmental conditions past month Totalll.{r Mean Stdev

llevel of thermal comfort

llndoor air acceptability

;Comfort temperature
Temperafire variation
Airmovement
Airhumidity
Air stuffiness
Air odor
Lighting
Noise

95
7M
102
91

96
101
97
97
102
102

0.74
0.74
3.77
4.48
4.49
2.45
4.98
4.23
2.70
2.36

1.54
3.13
1.90
1.43
1.68
1.45
2.09
2.25
2.07
7.77

kvel of thermal comfort are on a -3 to+3 scale, Indoor air acceptability is on a -5 to+5
scale, while other votes are on a 1 to 7 scale.

of thernral comfort

Comfort temperature
Airmovement

Lighting satisfactory
ise frcm ventilation

105
105
103
702
704
97
96
95
95
95
93

100
93
95
100

-0.4
0.91
3.38
4.37
2.93
4.00
3.42
4.07
1.99
2.35
4.76
2.35
2.13
2.62
2.26

1.21
2.77
1.90
1.58
1.39
2.05
1.94
0.88
7.63
t.u
1.10
1.73
1.83
1.91
1.80
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Environmental conditions: evaluation

Comfortable
Acceptable
Nice

acceptable
Nice
Nice
Acceptable

Verystable
Faint glare
Nice
Good
Nonoise

Q accaptabilitY

ightflickering

ing satisfactory
from ventilation
noise

Estimation of occupant's influence on indoor conditions

p is the average votJ on a 1 (no influence, unsatisfactory) to 7 (total influene,e, satisfactory)

scale. oris ttrJstandara deviation of the votes within the poptrlation'

S*ry.ss Nauoxer.RxPoRT

lnfluence on P o Conclusiors

-temperafire
-ventilation
-Ughtine

Cleanliness

1.5

1.4

2.6
5-4

1.1

1.0
1.9

1.9

No influence
No influence
Weak influence
Clean

Health and direct environment

TotaUt{r Myes Percent

I have smoking neighbors

I bring comments on my envirronment

I had asthmatic Problems
I have suffered from eczema

I have suffered with haY fever

Doyou smoke?

Do you smoke in this room?

Didyou ever smoke? 

-

llVo
lSVo

L$Vo

28Vo

29Vo

4LVo

L37o

26Vo

11

16

10

29

30
39

8

t7

104

91

t04
105

103

95

63

65

BIJILDING C,pageT



EunorsaxAuorrkolEcr

Building qymptom indices

Correction factors are based on female clerical.

Sensory measurements

Uncorrected BSIs
Number

Past month

Short list Full list
Today

Shortlist FuUlis
Women All women

Managers

Specialists

Clerical
Others

54

5

1

39

9

5.2

6.8

11.0

4.8

5.7

3.5

4.6

6.0

3.2

3.8

3.3

3.5

8.0

3.3

2.9

2.2
2.8

4.0
2.2
2.1

Men All men
Managers

Specialists

Clerical
Others

4(
9

0

32

5

3.5

4.3

0.0

3.4
2.0

2.6

3.0

0.0

2.5

2.0

2.1

2.7

0.0

2.3

1.0

1,.6

7.4

0.0

1.7

0.8

Global building sSimptom indices Number Value
Lastmonth, shortlist BSIfs
Lastmonth, fulllist BSIff
Last month, slrort list, corrected BSI fsc
[,ast month, full list, conected BSI ffc

100

100

100

100

3.07

4.43

4.43

6.73
Today, short list B.SI ss

Todan tull Ust BSI sf
Todan short list, corrected BSI ssc

Ioday, full list, corrected BSI sfc

100

100

100

100

7.94

2.77

2.s3
3.55

Sensory evaluation Offices Supply air Adiacent I Adjacent 2
Perceived air quality
Location 1

I.rcafron2
l-ocation 3

[-ocation 4
t ocation 5
(I-ocation 6)

4.4 1.1

4.3 1.7

4.8 1.8

4.9 1.8

5.4 1.3

3.4 1.3

3.4 1.3

3.4 1.3

3.4 1.3

3.4 1.3

8.0 1.7 11.0 3.9
Average 4.7 1.5 3.4 1.3 8.0 7.i 11.0 3.9

Outdoor air 1.8 0.t

BLTILDING C, page 8



General Indoor Air Quality Measuremenb

Chemical analysis of air OfEces Supply alr Adjacenl 1 Adiacenl z

Carbon dioxide [PPml
[,ocation 1

I-ocanor^2

I-ocation 3

Locatron4
bcation 5
(I-ocation 6)

p
525

516

620

580

600

540

o
42
41.2
8
49.6

46.4

48

43.2

t,
360

360

360

360

360

360

T

28.8

28.8

28.8

28.8

28.8

28.8

l.r,

500

500

500

500

500

500

(,

40
40

40
40
40
40

l.r o

Average 563.s 45.0
I

360 28.8 500 40

Outdoor air 350 28

Carbon monoxide [PPml p p F o F o

[-ocation ].

Lx,anort2
[-ocation 3

[-ocation 4
l.ocation 5

(I-ocation 6)

<L

<1

<1

<1

<1

<1

<L

<1

<1

<1

<1

<1

<1

<1

<1

<1

<L

<1

Average <1 <1 <1

Outdoor air <1

Particulate matter [mglm3l p F F o u a

Location 1

lcr;anor.2
l,ocation 3

L,cr;afioll.4
Location 5

(I-ocation 6)

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

<0,1

Average <0,1 <0,1 <0,1

Outdoor air <0,1

fVOC[melm3l Toluene equiv F u F o F o

Location 1

I,rcatjon 2
Location 3

Location 4
Location 5
(Location 6)

0.20
0.47

0.21

0.20

0.53

0.02

0.02

0.02

0.02

0.02

0.31 0.02

0.39 0.

Average 0.32 0.02 0.31 0.02 0.39 0.

Cutdoor air 0.36 0.03

Swrss NATIoNALREFoR?
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EURoPEANAUDITh.o,EcT

720

580

2.0

1.0

?oo
-1.0

i
{/4

Eryrz

d

^df/
-'4ffi IrrlrlE

{
)

? 700traa ogo
oE 660

8 620
Nou 600

10:00 11:00 12:00 13:00 L4:00 15:00 16:00 17:00

Tlme

Figure C 1: COrconcentrationverctx time

1.0
EDoo o-o
I

-1.0

-2.0

-3.0 -3.0

0 50 100

cumul%

Figure C2: Cunwlatedfrequencies of COrconcentrations. Lefi: all valaes. Right: selected
values.

The time profile is steady in general, with a slight depession between 12h30 and 13h00
(lunchbreak?) and four short episodes of moderately elevated concentration. This departure
from a completely flat profile is reflected in the poor fit with either a normal m a lognorrral
distribution, with both ends skewed and nearly no variatioa in the middle part. It is not large
enough, howevetr, to raise the relative standarrd deviation above a low 4Vo. T\e profile
correqponds to a stnongly balanced, rapidly relaxing, source and removal system.

50 100

cumul%

Building CH-C
Carbon dioxide cont. meas.

Average
ppm

SD
pPm

Geomean

pPm

GSD Median
ppm

Ida:L
ppm

Location 5 642 23 641 1.04 637 70r
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VOC: compound Concentratio, 1ug/m3l

methyl-cyclohexane

acetone

n-heptane

aliphatic C7H16
1-butanol

aliphatic CTHI6
dimethyl-cyclopentan
toluene

dichloro methane

dimethyl-cyclopentan
2-methyl-pentane

?

dodecanoic acid ?

LLimonene
C? alcohol

99

83

77

62

4L

33

28

20

t9
L9

13

13

11

9

8

Swrss Nerroxer.Rrnonr

General Indooor Climate measurements

23.5

23.0

22.5

22.0

2L.5

27.0

10:00 11:00 t2:00 13:00 14:00 15:00 16:00 17:00

Time [ih]

Figure C 2: Temperatttres at location 5 during the audit day. Warm surfaces (ceiling) rise the

operative temperature above the air tempeature at 1.1 m

'0,1 m 0,6 m 1,1m

U
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--.. _s r. -. . 1.. r. -:_ ;_-
-r?J't'-.\.q--r-r,

/'.t 
't?\r,--.-.-l

a.at-.-.- -a.-.J.

Continuous measurements Location Nr. 4

Airtemperature 0,1 m ["C]
Airtemperafire 0,6 m ["C]
Air temperature 1,1 m ["C]
Operative temperature ["C]
Relative tumidrty lVol

Carbondioxide [pp*]

Start time
L0:.L2

L0:L2

l0:12
l0:12
l0zl2
10:LZ

Stop time
l6:54
L6:54

L6:54

76:54

L6:54
L6|54

F

2L.4

22.2

22.4

23.t
41

642

o
0.2

0.1

0.1

0.1

1

23

Min
2t.L
22.0

22.1

22.6

39

592

Max.
22.7

22.4

22.6

23.1

42

707

BLTILDING C, page 11



Air velocity [m/sl at 0,1 m 0,6m 1,1m

Location 1
Lcr,,atior.2
Location 3
I-x,atror4
Location 5

fiocation 6)

1.r

0.08
0.11
0.14
0.72
0.15

o
0.02
0.02
0.02
0.02
0.02

po
0.14 0.02
0.09 0.02
0.17 0.02
0.06 0.02
0.13 0.02

o
0.02
0.02
0.02
0.02
0.02

l.l
0.09
0.09
0.09
0.08
0.12

Averase 0.t2 0.02 0.72 0.02 0.09 0.02

EunopneNAuorrh.olEcr

In our cases, mean radiant temperature was always calculated from air and operative
temperatures.

Relative Humidity 1.1 m Suoolv air Adi. room
l.ocation L

Lcr;afriolr2
Location 3

Lrcanorn4
Location 5
ff-ocation 6)

47
48
47
47
47

28
28
28
n
n
27

Averaee 47 2t3

Outdoor air 70

A.ir temoeratures at 0.1m 0.6m l,1m Suoolv air
location 1

lncatior2
[.ocation 3
Locatioll4
[.ocation 5
fl-ocation 6)

23.4

23.2
23.2
23.0
22.9

Averase 23.1

Outside air 8.6

Mean radiant temperafu re
At l.1m Calculated

Operative temperattrre
Measured lCalcutatea

Location 1

Iocatro/nZ
Location 3
lcrc,afiioln4
Location 5
ftmation 6)

19.0
19.2

18.6
t8.4
19.1

2L.3
21.3
21.0
20.8
2L.L

Average 18.9 21.1

BUILDING C,pageL2
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GI

F

1'200

1'180

1'160

1'140

7',120

1',100

12:00 14:00

Time

SwnsNlrrouar.RrPont

10:00 16:00

Figure 3: Water vapour pressure at location 5 &ting the audit day.

flow rates Value

flow rate from ventilation 12'200

irflow rate from hall 600

irflow rate from other space 0

Infiltration 0

48
42
42
45
47

1

2
3
4
5

!
I
I

Ventilation m easurements

At" fl"* *t* t" ventilation-system [m3/hl Planned Measrred t

10'000

2000
4Vo

0.2

Iotal airflow rate into building

Fresh air flow rate into building

Exhaustfrom building
Elctractedto outdoor

Recirculated air flow rate

Recirculation rate

Estimated air change rate [ /h]
Estimated fiesh air per person tVG'pers.)I

134'500

134'500

134'500
134'500

0

0

3

31

52'000

2',000

4Vo

1

Air flow rates in m'/h..

BUILDING C, page 13



EURoPEANAUDITh.oIEcT

Pollution load
Source intensity Total

lTotal olfactive load
I uncertainty

lOlfactive load

I uncertainty

ll-oad from ventilation
I uncertainty
Ioadfrom smokers

uncertainty
loadfrom ocarpants

uncertainty
loadfrom othersources

uncertainty

80c
300

300
400
500
300

*
*

100
101

2ool
4001

lolf
lor
lou
lor
lor
olf
olf
olf
olf
olf
olf
orf

Carbon diodde 2'00(
uncertainty 20(,

correspondingto ll0
uncertainty 10

Number of workine olaces 99

W
W
persons
persons
Dersons

* Load from smokers cannot be exactly estimated. The proportion of smokers among
occupants is large, but smoking is allowed in office rooms only from 16:30 on.
Total is total pollution load in monitored zofle.

IVeather conditiors on audit day

Note that most digits, resulting from transformation of liters, kg, kWh, erc into MI, are not
significant.
The energy consrpion of this building is high when compared to modern Swiss standards.

BIJILDING C,page74

Weather station
Date
Description

ZiiichSMA
26-0t-94
Overcast

Weatherdata Averase Ma:rimum Minimum
Temperature 0600-1200
Temperature 1200-1800
Relative humidity 0600- 1 200
Relative humidity 1200-1800
Wind soeed 0600-1200

4.0
4.3
85
66
7.4

4.9
5.2
90
73
8.8

2.8
3.3
78
6l
6.5

Energr consumption

Annual engrgy use [MJ] in 1993 L'992 1'990 1'989 uncertai
2',874'.391 4'.446'l5g

28'054'800 40',9il'400

Energy index lMJlm2l 1'800 2'700
ing degree days 3'616 3'616

Powerindex [W/m'K] 6 7
Heating index 816 1'185



Additional measurements

IAQ Stiifa Day 8:00-18:00

Mean Stdev. Min. Ma:r.

Night 20:00-06:00

Mean Stdev. Min. Ma:r.

l-ocation L

l-cr;attorl-2
t ocation 3

7.78 0.19 7.34 8.02

7.U 0.14 7.47 8.03

7.82 0.t7 7.45 8.06

6.96 0.15 6.58 7.2L

7.08 0.13 6.80 7.28

7.12 0.10 6.92 7.33

Average 7.81 0.L7 7.42 8.04 7.06 0.13 6.77 7.n

Swrss Nerroxs,REFoRT

9

8

"ots
6

5
2$ja

23

22

2t

20

l9
20-jn 2l-jacl

2l-jan 22-iu 23-jan 24'ju' 25'iaa 2fujan 27'ju'

The diagrams above show talrt the audit day was simill to any other working day. Decrease

in IAQ i*ing the night may be caused by desoqption from fleecy materials'

&5

t
5 7.s
d

6.5

6

Eleclrcnic nose (Stifa) meamrement ?/.-l-19f,4 

-m*
**--*hmidtY

oc
q)
!,
Gt

4.,o
Eo
F

80
r=r
Loo
€lo'=
220

0

55

I
159
{o'E
35 g.
30 Pr
25 E$-mE
15i

E
flU):04
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EuropuNAuorrkorecr

Ions
Office

Time
Besin

+ ions

End Average Mur.
- rons

Min Average Max. Min
Location 1

Locatior2
Location 3
[.ocation 4
Location 5

09:54

70:46

12:23

13:25

14:36

L0:43 721 1'098

11:56 il3 888

13:27 506 1'180

14:33 265 950

15:35 368 548

609 930

7L8 961
670 886

182 318

452 620

245

268
240

50

68

9!
463

(

65

56

Average 481 933 174 526 743 136

I
I

1

2

3

50

25

25

Airinlet 15

Airoutlet 40

BIJILDING C, page 16



BUILDING D

General information

Swns Naloxlr.Rrronr

1. Building identification. D

3. Situation Countrynide. 7. Number of floors

area of each flmr (m2)

nurnber of offices

numberof emploYees

z'.400

320

?23

4. Traffic within 200 m. Moderate busY road.

5. Near sources of Pollution Parking garage,

0

3. Year of building comPletion

Year of total renovation

Year when user entered

l'991

1'991

7'.991
6. Activities besides office work Laboratory.

I
Flat roof

10. Position of solar shadinP

Solar shadinP: movement

Ouaide.

Individual.
). No. of floors beneah gound

Roof tilt angle

11. Number of $anng
Glazing type

Double pane.

Clear.

12. Modification of?

Flooring

Insulation

WalV ceiling lining

Windows

Heatingsystem

Ventilation sYsterr

None

None

None

None

None

None

13. Furniture made of

Age of furniture

Mainly solid wood.

3 years or less.

74.Large green Plans
Plan6 teatment

No large green Plans.

No treatement.

15. Smoking Generally allowed. 16. Office activities

solvents

other chenricals

copyingmachines

laser printos

personperVDU

carbonless paPe use

No solvents

None

No.

No.

t-2
No.

17. CleaningfiequencY

Tables

Walls

Washingfloors

Vasuum cleaning

Mopping

Sweeping

Wuring

I t*ttcleaning
I I-*t of the flmrs

Once aweek.

I*ss than once a month-

Less than once a month-

Once aweelc

IJss than once a month.

Less than once a month.

I-ess than once a month.

Less thur once ayear.

Clean floors.

18. Detergent for cleaning typelnane sontent pH

cleaning agent linoleunt

cleaning agent carpet

cleaning agent tables

cleaning agent sanitrY

Iohnson Tapi

Neupol (universal detergenfl

Taski NOF

rcnse anionsolvent

1-57o Alkohol, I -SVo glYo,l,
>lWo lqnoln,<lVo rrexrrtt *iv ,

Does not
leave afilm.

Does not
leave a film.
Does not
leave a film.

BIJILDING D, page 1



EuropraxAuonkorEcr

Installation

[. Installation identification
2. Room heating

Location of heatins
Hot water heating.
Radiators-

3. Room cooling Cooldceiling.

4. Temperature contrrol

Nisht set back

Adjrstable tlrermostat
on radiator or unit.
No.

S.Vemtilation of rooms

Windoqn

Windows ornafiral
ventilation
Windoun can be ooened

6. Design outdoor air change
Lowest outdmr air supply

I to 3 per hour.
10 [spers

7. Position air intake
height above ground
disturce from

exhaust
distance frorn

cooling towers

orr theroof.
t6
vst 5 hor. 10

vert.0 1rcr.25

l. Equipment vent Erstem
Recirculation [7o]
Humidification system
Water purification
Coolingtype
Heat recoverrr

OI
Spray. IOther. I

Water cooling in concre
Rotatins wheel- I

te decks

). Ventilation systern on/off
Sensors for demand control

Autornatically by a clock
No suctr control.

Ooeratinq at: From Ito dans oerweek
full perfcrnance
reduced performance
stoooed

07:0(
17:0C

17:0(
07:0(

TOWorwiranlation
Partid recirculation

10. Ductmaterid
Duct insulation

5
External insulation-

11. Service
Air intake filter
Recirculation dust filter
e.€ntral unitfilter
Snpply filter
Induction /fan coil filter

Class
Eu3

ll.!It

LaSreplacernent Needingservice
15-01-94 No.

0
15-01-94 No.

Heating batteries
Cooling baueries
Heat exchanger
Ilumidifim
Ducts
Air outlets in rooms
Air inlet in rooms

kst cleaning
1-10-9:
1-10-9:

Needingsanice
No.
No.

No.
No.
No-

12. I.oratiotr air srpply inlea
Location airoutlets
Desisned ventilation minciole

Underfieceiling. I

Higr, in wall to corridor
Disolacement ventilation

BUILDING D,page2



Investigated rooms

Iummary
Roomname 220 221 223 237

54321

236
6

Wall materials inside
insulation
hsulation material
Ihidoress of insulation [cml

Plaster board.

Fiberglas.
10 1(l0l101010

Felt carpet (needle) lVoarcal
Nap carpet lVoareal
Lacquered wood lVoareal
Vinyl (PVC) l%oareal
Linolenm lVoarcal
TiTeslVoareal
Clther (tvne helrel l%oxezl

0

100
0
0
0
0
0

(

10(
(
(
(
(
(

0

100
0

0

0

0

0

0

100

0
0
0
0
0

0
100

0
0
0
0
0

(

10(
(
(
(
(
f

Wall covering / treatmen6
Ceiling material (inside

surface)
Space above acoustic tiles
lcml
Drst above acoustic panes?

Acorsticbaffles below
ceiling?
Anv other ceiline tvDe?

Dispersionpaim.
Concrete. Acoustic

panes.

No.
No.

Room lighting
Lighting location
Ilpe of artificial lighting
Canfml nf liohtinq

Atificial adDaylighr
Ceiling.

Fluorescent.
Manual-

Visible mould growth in
r@rrrt
Dampspots
Mould odorinroom

No.

No dampspots.
No.

No.

No.

No.

No-

No.

No-

No.

No

No.

No.

Area [m']
Height ffi
Nb of work places

Fleecymaterial [m']
Shelflength [m]
Window area [m'J
C)ffice deoth fml

72 t2 12 35 15

2.85 2.85 2.85 2.8s 2.85
11131
12252

1537153
5.4 5.4 5.4 5.4 12.6

44455

2.3
0
0
0
0

Nb. of laser printers
Nb. of photocopiers
Nb. of VDUs
Acce,ptable access for
cleaning?
Door to ccridor open?
Nb. of VDU with reflection
Nbof VDUwithslarc

0
0
3

Yes

Open
0
0

00
00
11

Yes Yes

Open Open
00
00

00
00
11

Yes Yes

Closed Open
00
10

Yes

0
0

ScrssNlzoNAlRrpont
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EunopnenAuorrholEcr

Questionnaire

General Total/l.{r Meon Stdev Percentage

Questionnaires disributed
C)uestionnaires retrrned

135
119 88%

Age
Number of female oocupants
Nurnber of male occupanB
Time at desk before frllins ouestionnaire

ttg
66
49

103

38.88

2.97

9.32

t-26

57%
43%

Managerial work
Specialis skill
Clerical
Othe-r

49
31

n
t2

47%
26Vt

237.
lW.

fime spent in the building [yeanl
Iime spent in the room [yeats]
[Iours per day at the desk
Paid hours perweek
t{ours atVDUperweek
Davs oer month in the buildine

117 1.79 0.68
119 1.38 4.74
1r5 7.70 2.20
115 42.07 11.38

103 21.88 11.37
702 75.66 6.68

Nurnber of people in the roorn
Rooms withoutwindows
Rooms withwindows
Distance from the window
People o,pening the window
Peoole not ooenine the window

118
0

tt9
101

110
7

0.n

1.00 0.66

wa
l$V.

94%
6E

Health

llealth durins oast month Svmotom oresentfor Better awav

Answe,rs 1-5 Davs 6'10 Dans >10 darc vqi no

Dry eyes
Watering eyes
Stuffy nose
Rrmnynose
Dry throat
Chest tightness
Flu-likesymptoms
Dry skin
Rash or irritatd skin
Headaches
I*thargl
()ther svrrrotorns

717
r19
ttz
118
118
118
119
118
118
118
177
114

v
15
40
32
36
6

43
n
7

65
52
2

6
3
8
4
5
I
5
6
I
4
t6
0

4
2
9
2
0
I
2
t4
4
1

5
6

D
L4
t7
7
l7
3
5
14
0

26
v
7

t4
5

36
28
24
5

39
29
t2
35
30
I

Seasonwhenworst
(numbers of answers)

Part of thedaywhenwors
(numbers of answers)

Sorins Summer Autumn Winter Anv
95 3 1 3 28 60

Mornine Afternmn Eveninc Anv

95 6 t7 77 55

BITILDING D,page4



Frequency of building related symptoms

Orrfy 
"y-po*s 

which:disappear *t ;f building are taken into accormt in this table. For each

,y.pt6*, mu frequency is ihe ratio of the number of person presenting the symptom to the

total ntrmber of answers..

SqflssNATIoNALREFoRT

2.92
3.77
3.15
3.67
2.87
3.s0
3.45
3.20
3.43
2.50
2.90

1.70

0.21
0.50

1.0c

0.39

0.52

2.02

0.3(
0.71
l.9t
0.3,
0.4i

4
3

15

6
l0
2

11

26
6
6

15

1

118 11

118 15

118

118 1

118 1
or irritated skin

17Vo

SVo

l1Vo
9Vo

l77o
ZVo

8Vo

23Vo

8Vo

$Vo

22Vo

3Vo

257o

tZVo
tlVo

6Vo

l4Vo
3Vo

4Vo

LZVo

0
?AVo

3lVo
67o

BLTILDING D, page 5



EunopnexAuorrkoncr

Environmental conditions

Environmental conditions past month Total/l'{r Mean Stdev
lkvel of thermal comfort
Indoor air acceptability
Comfort temperature
Temperature variation
Airmovement
Airhumidity
Air stuffiness
Air odor
Light:ore
Noise

117
1.17

177
115

117
116
116
116
118
118

0.06
3.22
1.91
3.94
3.W
3.77
2.90
2.46
2.18
2.19

0.67
1.63
1.22
0.78
1.07
1.01
1.61
1.53
7.52
1.4

I-evel of therrnal comfort are on a -3 tor3 scale, Indoor air acceptability is on a -5 to+5
scale, while other votes are on a 1 to 7 scale.

Total/i.lr
l.evel of therrnal comfoc
Indoor air acceptability

717
117
118
tt7
118
717
116
118
tt4
112
111
774
717
717
1t7

0.02
3.3s
1.80
3.62
3.13
2.56
2.M
4.08
1.51
2.26
4.10
1.82
1.39
2.74
2.04

0.68
1.59
1.19
0.85
0.89
L.52
1.36
0.68
1.11
1.62
0.96
1.24
1.02
1.65
1.30
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Criterion
Past month

u.l o
Now

rr,l o Conclusions

Thermal Comfort
Termperafire

Termperature variations
IAQ accaptability
Air movernent
Airhumidity
Air sttrffiness
Air odor
Light brighhess
Ughtflickering
Glare
Light uneven
Lighting satisfactory
Noise from ventilation
Othernoise
Noise satisfactorv

0.1
7.9

3.9
3.2
3.9
3.9
3.2
2.9

2.2

2.2

0.7
L.2

0.8
L.6

0.8
1.1
1.0

1.6

51.

t.4

0.0
1.8

3.4
3.6
3.1
2.6
2.0
4.L
1.5
2.3
4.L
1.8
L.4
2.7
2.0

0.7
1.2

1.6

0.8
0.9
1.5
L.4

0.?
1.1
1.6

1.0
1.2

1.0

t.?
1.3

Comfortable
very
comfortable
Nice
Excellent
Nice
Dry
Acceptable
Faint smell
Fine
Very stable
Faint glare
Nice
Excellent
No aoise
No noise
Excellent

SwrssNe:roNerRrnonr

Environmental conditions: evaluation

Health and direct environment

Estimation of occupant's influence on indoor conditions
p is the average vote on a 1 (no influence, unsatisfactory) to 7 (total futfluence, satisfactory)

scale. ais the standard deviation of the votes urithin the population.

Influence on tt a Conclusions

-temperature
-ventilation
-Ughtine

Cleanliness

2.5
1.1

4.9
6.4

L.7

0.6
2.4
1.2

Weak influence
No influence
Acceptable influence
Very clean

TotaUNr Nb yes Percent

I have smoking neighbors

I bring comments on my environment

I had asthmatic problems

I have suffered from eczema

I have suffered with hayfever
Doyou smoke?

Do you smoke in ttds room?

Did you ever srnoke?

29%0

30Vo

14Vo

2lVo

28Vo

3lVo

42Vo

33Vo

34

34

t6
25

33

33

22
29

tt7
115

tt7
L77

118

707

52
88
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EUROPEANAUDITKOTSCT

Building symptom indices

Correction factors are based on female clerical.

Sensory measurements

Uncorrected BSIs
Number

Past month

Short list Full list
Today

Short list Full lis
Women All women

Managers

Specialists

Clerical
Others

4

10

0

t6
z

3.8

4.0

2.8

3.7

0.0

4.9

4.5

4.3

5.2

0.0

3.3

5.C

3.s

2.3

0.0

2.2
2.5

2.5

2.0

0.0

Men All men
Managers

Specialists

Clerical
Others

6(
13

39

7

1

2.7

2.8

1.3

1.6

5.0

3.1

3.9

7.i
2.4

5.0

1.8 2.2

1.8 2.2

1.3 1.1

1.1 1.4

3.0 3.0

GIobaI buildine slimptom indices Number Value
[,ast month, short list BSI fs
Last month, full list BSI ff
[.ast month, short list, corrected BSI fsc

[-ast month, fulI list, corrected BSI ffc

76
76

76

76

7.59

2.12

2.89

4.23

Iodan shortlist BSI ss

Ioday, full list BSI sf

Iodan slrortlist, corrected B.SI ssc

Ioday, firll list, conected BSI sfc 76 3.17

76

76

76

1,.34

1.74

2.45

Sensory evaluation Offices Supply air Adiacent I Adiacent 2

Perceived airquality
Location 1

Lcr,atior2
I-ocation 3
I.ocafion 4
Location 5
(I-ocation 6)

It
7.3

9.7
9.7
7.3

6.2

3.5

2-6

3.2

3.3

2.7

lra
2.7 3.(
2.7 3.C

2.7 3.C

2.7 3.0

2.7 3.0

9.1 2.5 2.7 0.9

Average 8.0 2.9 2.7 3.( 9.7 2.! 2.7 0.9

Outdoon air 4.3 2.i
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General Indoor Air Quality Measurements

Chemical analysis of air Offices Supply air Ad-iacent 1 Ad-iacent 2

Carbon dioxide [PPml
[-ocation 1

l-ooanor.2
[-ocation 3

[.ocation 4
[.ocation 5

fircation 6)

870 69.6

900 72
950 76

900 72

900 72

po
400 32

400 32

400 32

400 32

400 32

l.r

90072

po

Average 904 72.31 400 32 90072

Outdoor air 360

Carbon monoxide [ppml po pa l-r o l-r a

Location 1

Locatioll2
[-ocation 3

[ocation 4
[-ocation 5
(Location 6)

<1

<1

<1

<1

<1

0

Average <1

Outdoor air

Particulate matter [mg/m3l po l.r o l.r o po

Location 1

Lcr;atton2
Location 3
l-ocation 4
l-ocation 5
(I-ocation 6)

0.07 0.02

0.1 0.02

0 a.02

0.08 0.02

0 0.02

Average 0.05 0.02

Cutdoor air

fVOC[mg/m3l Toluene equiv p lro lro lro
l.ocation L
I.cr;atiotl.Z
l-ocation 3

I.ocatioln4
Location 5
(I-ocation 6)

0.31 0.02

0.50 0.02

0.30 0.02

0.30 0.02

0.85 0.03

0.L7 0.02 0.32 0.02

Average 0.45 0.02 0.L7 0.0, 0.32 0.02

Cutdoor air 0.36 0.05

ScmSNATIoNALREFoRT
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Figure D|: COrconcentration versus time..
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Figure D2: Cumulatedfrequenciq of COrconcentrations. Lefr: allvalues. Right: selected
values.
TVo locations were monitored, one with mechanical and the otherwithnatural ventilation
(d. building description, chap. 2.4.1).In both places, a slight b,ut noticeable drop apprea$ at
lnnch time. At the naturally ventilated location 2,theprotile slrows a steady decrease to less
than 600 ppm in the late afternoon, with a brisk unexptained drop to 400 ppm at the end of
the series. Scatter around the general trend is much lower than what the lSVo relatvestandard
deviation suggests. The distribution is strongly biased by the downward trend. In the
mechanically ventilated office 4,the time course is much steadier, with a morning rise to 850
ppm and agairl a slow, less pronounced decrease to 650 pm trough the day. A slightpeak
around 14h00 may be due to the prmence of the "snifflulg' panelists, as noted elsewhene.
Apartfromthe morning rise, the distibution is essentially gatrssian.

Building CE-D
Carbon dioxide cont. meas.

Average

ppm
SD

ppm
Geomean

ppm
GSD Median

ppm
Ma;r.

ppm
Location 2 (fiIled dots) 724 133 7tt t.23 728 919
Location 4 (open circles) 795 57 793 1.08 808 902

-/-ZFr
J
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VOC: compound Concentration [uglm3l

LLimonene
dichloro methane
toluene
acetone
aliphatic c7H16
C5H2O8 ester

m-rylene
2-meth-1,3-butadiene
?

n-heptane
acetic acid ?
trndecane C11H24
dodecane C12H26
2-methyl-pentane
ethanol

62
25
22
15

11

11

10
8
7
7
6
6
6
5

5

'0,1m 0,6m 1,1m OPer.

SwrssNenoNar.RrPont

25
25

sn
E23
E23
Lzz
822Er zl

2t
20

,

09 10 11 L2 13 L4

Time [rh]

Figure D3: Temperatures at location4-

General Indooor Climate measuremenb

Start time
09:00

09:00
09:00

09:00

09:00
09:00

Stop time
17:00

17:00
17:00

17:00

17:00

17:00

temperafirre 0,1 m ["C]
irtemperature 0,6 m ["C]

Air temperattue 1,1 m [oC]
ive temperature ["CJ

ve}rrt:rrrridrty lVol

,ta .ti-:rr-a.aa.a

,.t....,' "tt.' 

t j
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EunopnexAuorrkorpcr

Air velocitv [m/sl at 0.1 m 0,6m 1.1m

Location 1

I-x,anot2
location 3

l-ocation 4
[-ocation 5

po
0.17 0.02
0.10 0.02
0.22 0.02
0.13 0.02
0.15 0.02

p
0.06
0.14
0.12
0.06
0.L3

o
0.02
0.02
0.02
0.02
0.02

0.08 0.02
0.14 0.02
0.74 0.02
0.07 0.02
0.L4 0.02

Average 0.15 0.02 0.10 0.02 0.11 0.02

Air temoeratures at 0.1 m 0.6m 1..1m Supplv air
Location 1
Lcr,afior^2
[-ocation 3
l.ocation 4
[.ocation 5

22.8
23.1
22.7
22.7
23.6

Average 23.C

Outside air 5.5

Mean radiant temperahrre
At 1.1m Calculated

Operative temperahrre
Measured lCafculatea

l-ocation I
Lcr,atiort2
l-ocation 3
[.ocation 4
tocation 5

23.2
20.7
19.7
22.9
18.9

23.0
22.0
2L.3
22.8
21.4

Average 27.1 22.7
Mean radiant temperature was always calculated from air and operative temperatures.

Relative Humiditv 1.1m Suoolvair Adi. room
l.ocation 1

I,cr;atjor2
l.ocation 3
Lx,ation4
[.ocation 5

39
34
38
35
36

Average 36
Outdoor air 67

6
8, goo
e
Op 8so
a
,
& eooc

t zso
>

700

@1113
Time

Figure D4: Watervapourpr*sure at locatian4.
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Ventilation measurements

Airflow rates in m3lh. Total is total airflow rate into monitored area.

Pollution load

Total is total pollution load in monitored zone.
Office Nr3 was empty.

Sunss NarroNar- REPoRI

Air flow rates in ventilation svstem [m'/hl Planned Measured

Pulsed airflow rate
Fresh air flowrate into building
Recirculation rate
Estimated air change rate I lh]
Estimated fresh air per person [V(s'pers.)]

8',800

>8'800*
0

>11*

9'.257

0

11

800
0

* more with natural ventilation

Mesure atlocation Nr l234sTotal
Airflow rate from ventilation

uncertainty
Airflow rate from hall

uncertainty
Air flovr rate from other space

uncertainty
hfiltration

uncertaintv

70 L70 10 50 60 400

20 30 20 10 30 100

40 290 0 20 60 800

80 70 100 100 30 400

000000
00000c
00000c
111115

Source intensitv l234sTotal
Iotal olfactive load

uncertainty
Olfactive load

uncertainty
Load from ventilation

uncertainty
Loadfrom srnokers

uncertainty
Loadfrom occupants

uncertainty
loadfrom othersources

uncertaintv

t43626870
4723520
304002170
202034650
613t4530
3712320
2226213
L21126
111317
111013
20 40 -3 -7 -2 50
202034650

olf
olf
olf
olf
olf
olf
olf
ou
orf
olf
olf
olf

Carbon dioxide
uncertainty
corresponding to
uncertainty

Number of workins places

20 90 10 25 30 170

10101082060
1511210
111013
1113L7

W
W
persons
persons
De(sons

BUILDING D, page 13



Noise tdB (A)1 Lieht [Luxl
Location 1

I-ooatior2
Iaation 3
I,cr,atiwt4
I-ocation 5
(Incation 6)

38
45
43
60 Conversation

47
50

420
500

1400
1000
1000

Average 47 8U
Outdoornoise 53

Weather conditions on audit day

EunopmNAuom korcr

Note that most digits, resulting from transformation of liters, kg, kWh, etc into IV[I, are not
significant. This b'uilding presents the lowest etergy indexes of the auditedbuildings. Itis
also low when compared to Swiss standards.

Weather station
Date
Descriotion

Wiidenswil
7-02-94

Sunnv
Weather data Average Ma:rimum Minimum
Iemperature 0600-1200
Iemperature 1200-1800
Relative humidity 0600- 1 200
Relative humidity 1200-1800
Wind speed 0600-1200

-0.2
4.0

89
72

0.8

1.9
4.9

92
81

1.1

-1.5
2.5

82
65
0.7

Energr consumption

use [MI] 1'993 7'992 l'99L 1'990 Uncertai
483'720 624'.941 518'930

'007'948 
5'828',737 

'306'.7123'756',5$ 4'.040'.215 3',744'135

477949
4'.934'.794

9',?A8',23210'493'.894 9',569',777 g'346'.579 3
Energyindex lMilmz) 800 900 800 700

index 383 414 358 289
417 46 42 4tt

BUILDING D,page74



IAQ Stiifa Day 8:00-18:00

Mean Stdev. Min. Mu.
Night 20:00-06:00

Mean Stdev. Min. Ma,x.

Location a

Location b
Location c

6.43 0.62 5.25 7.28

7.01 0.13 6.83 7.34

7.t8 0.19 6.80 7.4

6.92 0.07 6.66 7.01

7.16 0.21 6.73 7.4
7.55 0.4 6.85 8.14

Average 6.88 0.31 6.29 7.49 7.2L 0.?A 6.75 7.53

SunssNmoNer,Rrronr

Additional m easurements

-Jan l-fev 2-fev 3-fev +fev 5-fev Gfer, 7-fev

ds

()
o
()

6
oac
o
H

40

30

20

l0

0

31

6\

EI
E

,I

:l
3l-itr

30r
2s+
20+
ls+
l0+

;t
3l-ir-Jan

Electmnic nose (SEfa) Eeasultnent L2.1994 

-tAQq
----*-lropcr&lll 1/o9.00

&50

&00

l t.so
- r.,

650

600

-LIuidtJ'

35

:n

?5

T
l5

l0

oo

Zl:58

The audit day $99a.2.1) is similar to the follovdng working days.
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EunopBaNAuorrPnorBcr

time
bqin end

Ions
office

+ ions
Mean Max. Min

. ions
Mean l|,Iae Min

Location 1 11:10 12:28

Lccadror2 12:30 13:10

I-ocation 3 13:15 13:56

Location 4 14:02 L4:57

l.ocation 5 15:03 15:55

27 85

83 L61

146 266
l'521 2'.738

1',085 1'800

0

20

38

366

561

25 tgt
42 258
35 130

1'540 2'.633

l'072 1'685

0

1

0

296
513

Average 572 1',010 197 543 979 162

Outdoor

Mechanically ventilated locatioru have a higher ion concentration than naturally ventilated
rooms. Some air molecules may be ionised by rubbing the ducts metallic surfaces. The
atmospere remains anlvay neutral.

I
I

1

2

3

t9
19

30

19

t9
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BI.ITLDING E

General information

Swrss Ner:oNerREPoRT

1. Building identification. E

3. Situation Countryside. 7. Number of floors

areaofeachflmr (m2)

number of offices

nunrber of employees

7

l'295

20s

200

4. Traffic within 200 m. Moderate busy road.

5. Near sources of Pollution Parking garage.

0

3. Year of building cornPletion

Year of total renovation

Year when user entered

1974

1974

1974
5. Activities besides office work Laboratory.

I
Flat roof

). No. of floors beneath gound

Roof tilt ugle

10. Position of solr shadinP

Solar shadinp: movement

No solar

protection

11. Number of glazhg

Glazing type

Double pane.

Light reflecting.

12. Modification of?

Flooring

Insulation

Wall or ceilinglining

Windows

Heating system

Ventilation sYstem

None

None

None

None

None

None

13. Furniture made of

Age of furniture

Mainly solid wood.

More than tlree years.

14. Large green Plans
PlanB treatment

No large green Plants.

0

15. Smoking Allowed in separate roorns. 16. Office astivities

solvents

other chemicals

copying mactrines

laser printers

personperVDU

carbonless pape use

No solvenb

None

No.

No-

t-2
No.

17. CleanngfrequencY

Tables

Walls

Washingfloors

Vacrnrm cleaning

Mopping

Swee,ping

Wuring

Sporng cleaning

Look of the floors

Daily.

I-ess ttnn once a month.

IJss than onoe a month.

Once aweek

0

0

0

Less than once a Year.

Clearflmrs.

18. Detergent for cleuring type/name nntent pH

cleaning agent linoleum

cleaning agent carpet

cleaning agenttables

cleaning agent sanitry

Neupol (rmiversal detergen$

Taski NOF

IohnsonTapi tense anion solvent

1 -57o Alkohol, l-SVo glycol,
>ltVo lqnon,<lVo Prel:srr'r *iv 9,

not
afilm.

Does not
leave a film.
Does not
leave afilm.

Does
leave

BLIILDING E, page 1



EunopreNAuorrPnorscr

Installation

1. Insallation identification
2. Roomheating

I-ocation of heatine
Hot waterheating.
Radiators-

3. Room cooling Iaal fan oil units.

4. Temperature control

Nightset back

Adjustable thermostat
on radiator on unit.
No.

S.Ventilarion of rooms

Windours

Induc{in units balanced
system.
Windocxs cannot be
ooened-

6. Desigr outdoor air change
Lowest outdoor air sroolv

I to 3 per hour.
52 Usoers

7. Position air intake
height above ground

distance from
exhaust

distance from
cooling towers

0

veyrt.17 hor.30

vert" 15 hor.100

8. Equip,ment vent system

Recirculation [7o]

Humidification qrtem
Water purification
Coolingtype
Heat recovenr

14

Steam.
None.
Fan coil
None

9. Ventilation system ory'off
Sensors for demand control

Automatically by a clock.
No such control-

Operatine at From to law perweek
full performance
reduced perfornrance
stoooed

06:15

17.On

17:00

06:15

5

7
l009orer,irsilation
Pardal recirculation 06:15 17:0t' 30Vfrefir:l-sir

10. Duct material
Duct irrsulation

Galvanised steel-
No fhe,rrnnl insrrlafian

11. Service
Air intake filter
Recirsulation duct filter
Cemtral rmit filter
Supply filter
Induction /fan coil filter

Class
Eu7
Eu3
Eu7

Lasreplacernent Needingserrdce
Jt-os-g: No.
1-05-93 No.
1-05-93 No.

Heating batteries
Cooling bateries
Heat exchanger
Humidifier
Dusts
Airoutlets inrmms
Air inlet in rooms

Last cleaning
1-10-93
1-10-93
r-10-93
r-10-93

1-10-93

Needing service
No.
No.
No.
No.
No.
No.
No.

12.Loeation air srp,ply inles
I-ocation air outlets
Desi ened vmtil ation minciole

{twindowsill.
iliglr
Vlixins ventilation

BUILDING E,page?



Investigated rooms

Summary
Room name

65432I
108107104105 109 110

Wall materials inside irsulation
krsulation material
firidcness of irsulation [cm]

Steel
Polptyrene.

4 44444

Felt carpet (needle) lVoareal
Nap carpet lVoueal
Lacquered wdlVoareal
Vinyl (PVC) IVoareal
Linoleum lVoreaj
Iiles [Toarea]
Other (trrne herrel l%o*ea}

10(100100100100100

WaIl covering / teatnents
Ceiling material (inside)

Space above acorstic tiles [cm]
Dust above acorctic panes?

Acoustic baffles
Anv other ceilinE trme?

Dispersion paint.
Acoustic panes

30 30 30 30 30

No. No. No. No. No. No.

No. No. No. No. No. No.

30

Roorn ligfuing
Lighting location
Ilpe of artificial lighting
Control of lishtins

Artificial and Daylight.
Ceiling

Fluorescent. t
Manual

Visible mould in rooms
Damp spos
Mould odm in room

No. No.
No damp spots.

No.

No.

No.

No. No.

No.

No.

a,rea [m"l
Heigtrt [m]
Nb of work places

Fleecymaterid [m']
Shelf length [ml
Window area [m2]
f)ffiee de.rrth [m'l

16

2.6
I
2
1

t2
4

24
2.6
2
2
1

6.8
4

t6
2.6
I
2
3
6
4

16

2.6
1

I
4
6
4

u,
2.6
2
2
5

12
4

r6
2.6
1

3
7

L2
4

Nb. oflaser printers
Nb.of photocopiers
!Ib. of VDUs
Acceptable access for cleaning?
Door to corridor open?
tlDU wittr reflection
llb of \1DU with elare

0
0
I

Yes
Open

0
0

0
0
2

Yes
Open

0
0

0
0
1

Yes
Closed

0
0

0

0
I

Yes
Open

0
0

0
0
1

Yes
Open

0
0

1

0
2

Yes
Open

1

0

SwrssNfiroxALREFoRT

Thene are are two ventilation systems. Only fresh air is blown int the office rooms while in
central room (witlrout window) there is a recirculation of air coming from the office roms.
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EuRoPEANAuDITkorncr

Questionnaire

General Total/i.{r Mean Stdev Percentage

Questiormaires distributed

Questionnaires returned

100

94 948(

Age
Number of female ocorpants

Number of male occupants

Time at deskbefore filline questionnaire

40.11 9.50

537.

47E
2.85 1.23

94

49
4
93

Managerial work
Specialist skill
Clerical
Other

31

17

47

5

33V.

t8%
4%

5%

Time spent in the building [yearsl
Time spent in the room [years]
Hoursperdayatthe desk

Paidhours perweek
llours at VDU perweek
Days per month in the building

93 5.19 5.75

92 2.14 4.M
93 7.54 1.86

90 4.19 11.63

82 24.05 12.67

91 14.88 8.01

Numberof people in the room

Rooms withoutwindows
Rooms with windows
Distance from the window
Peo,ple opening the window
People not opening the window

0.75 1.65

1.28 1.30

10E

9$Et

3E
97E

91

3

91

87

9

82

Health

tlealth durine oast month Svmotom oresentfor Eletter away

Answers 1-5 Davs 610 Dan >10 davs v€xi no
Dry eyes
\[ratering eyes
Stuffy nose
Runnynose
Dry throat
Clrcsttighhess
Flu-like symptons
Dry skin
Rash on irritated skin
Headaches
Iah?[:gy
Ofhp-rsvmntoms

91
88
9l
90
93
9l
91
91
9l
93
9l
80

23
15

37
2l
31
11

3s
t5
l1
42
42
2

18
3

74
5

20
2
11

9
3
15

t6
?

14
4
16
I
8
I
6

38
5
4
10

4

49
19

40
17
43
I

25
29
10

40
42
10

5
4

26
18

14
7

23
28
8
2t
25
0

Seasonwhenworst
(numbers of aruwers)
Part of the day when worst
(numbers of answers)

Sorinq Summer Autumn Winter Anv
8t 2 I 1 30 47

Mornine Afternoon Everrinc .Anv

81 6 19 10 46
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Frequency of building related symptoms

Orrry symptoms wt ictlisappear out of uulaing are taken into account in this table. For each

.y.pt6rn, tfru frequency is ihe ratio of the number of person presenting the symptom to the

total number of answers..

Surxss NEflONAL TTEPORT

Meastrred relative humidity dgring the audit day was 28Vo ottthe average. This may explain

the symptom realted to drYness.

3.11
3.60
3.31
3.62
3.19
3.13
3.35
3.70
3.11

3.20
3.39
4.57

72
2

16
10

13
3

t2
33

6
3

11

93
90
93
9l
93
90
92
93
90
93
92
u

l9Vo

$*ffi.ffi.ffi
9Vo

Z9%o

34Voi

lLVo

.

lMo
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EutopBexAuorrPnoncr

Environm ental conditioru

Environmental conditions past month Totalf.{r Mean Stdev
kvel of thermal comfort
Indoor air acceptability
Comfort temperature
Temperature variation
Airmovement
Airhumidity
Air stuffiness
Air odor
Lighting
Noise

88
93
93
86
87
92
92
92
92
92

-0.16
0.69
2.80
4.16
4.02
2.09
4.70
3.26
2.82
2.50

1.11
2.93
1.60
1.16
1.85
1.07
1.95
1.97
1.95
1.73

kvel of thermal comfort are or a -3 to+3 scale,Indoor air acceptabifity is on a -5 to+5
scale, while other votes are on a 1 to 7 scale.

As shown on next table, most envirronmental conditions were found acceptable, except IAQ,
air dryness, air odour and glare. The recirculation is certainly one of the reason for apoor
IAQ acceptability.

of thermal comfort

ighting satisfactory

92
93
92
89
89
97
89
88
88
90
90
91

88
88
90

-0.23
1.35
2.50
3.82
2.54
3.97
2.87
3.94
1.77
2.43
3.99
2.43
2.43
3.14
2.63

0.88
2.77
1.48
1.62
1.06
1.80
1.85
1.07
1.31
1.66
7.02
1.62
7.78
1.74
1.72
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Criterion
Past month

rrl a
Now

rr,l o Conclusions

Ttrermal Comfort
Termperafire
Termperature variations
IAQ acceptability
Airmovement
Airhumidity
Air stuffiness
Air odor
Light brightness
Liehtflickering
Glare
Lightuneven
Lighting satisfactory
Noise from ventilation
Othernoise
Noise satisfactorv

-0.2
2.8
4.2
0.7
4.2
4.0
2.L
4.7

2.8

2.5

1.1
1.6

L.2
2.9
L.2

1.9

1.1
1.9

02.

1.1

-0.2
2.5

L.4
3.8
2.5
4.0
2.8
3.9
1.8

2.4
4.0
2.4
2.4
3.1
2.6

0.9
1.5

2.7
L.6

1.1

1.8
1.9

1.1

1.3

1.7

1.0

t.c
1.8

1.1

1.1

Comfortable
Comfortable
Nice
Unacceptable
Nice
Dry
Acceptable
Smelly
Fine
Verystable
Faint glare
Nice
Good
No noise
No noise
Good

Environmental conditioru: evaluation

lnfluence on tt o Conchsiolts
-temperature
-ventilation
-lighting

Cleanliness

4.L
1.8
4.1
5.3

2.2

t.7
z.l
t.1

Some influence
No influence
Some influence
Clean

Estimation of occupant's influence on indoor conditions
p is the avemgerot" * a 1 (no influence, unsatisfactory) to 7 (total futfluence, satisfactory)

scale. ais the standard deviation of the votes within the population.

Scrxss NafloNALRrport

Health and direct environment

TotaUt{r Myes Percent

I have smoking neighbors

I bring comments on mY environment

I had astlmatic problems

I have zuffered from eczema

I have suffered with hay fever

Doyou smoke?

Do yor smoke in this room?

Didyou ever smoke?

92
u
91

91

9t
86

25

68

n
38

9

21

25

16

L2

2L

297o

45Vo

l$Vo

26Vo

XTVo

79Vo

48Vo

3lVo

BIIILDING E,pageT



EURoPEANAI,DIThOIECT

Building symptom indices

Correction factors are based on female clerical.

Sensory measurements

Uncorrected BSIs
Number

Past month

Short list Full list

t4 4.i
3.0 3.8

4.0 4.8

3.5 4.8

4.5 5.0

Today

Shortlist Fulllisl
Women All women

Managers

Specialists

Clerical
Others

49

5

4

38

2

3.1

3.6

3.0

3.0

3.0

2.5

3.0

2.5

2.3

3.0

Men All men

Managers

Specialists

Clerical
Others

43

25

13

z

3

1.6

7.6

1.3

3.0
0.7

2.2

2.2

1.5

4.5

0.7

t.i
1.6

1.2

4.0

2.3

1.3

L.2

1.1

2.5

1.3

The BSI are high for the women.

Global buildine slirnptom indices Number Value
Last month, short list BSI fs
Last month, full list BSI ff
[,ast month, short list, corrected BSI fsc

[,ast month, full list, corrected BSI ffc

2.60

3.45

2.65

3.78

92

92

92

92

Today, short list BSI ss

Today,fulllist BSIsf
Todan shortlist, corrected BSI ssc

Ioday, firll list, corrected B.SI sfc

7.87

2.40

2.09

2.89

92

92

92

92

Sensory evaluation Offices Supply air Adiacent 1 Adiacent 2

Perceived air quality
I-ocation 1

I.rcatior2
Iaation 3

I.cr;ation4
Location 5

fiaation 6)

Ita
6.0 l.t
7.8 2.3

4.8 1.9

5.5 2.3

4.1 1.3

l.L

3.0

3.0

3.0
3.0

3.0

o

1.1

1.1

1.1

1.1

1.1

6.4 1.6 5.6 1.5

Average 5.7 1.9 3.0 1.1 6.4 1.( 5.6 1.5

Outdoor air 7.4 0.(
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General Indoor Air Quality Measurements

Chemical analysis of air Offices Supply alr Adjacenl I Adjacenl ,

Carbon dioxide hp-l
[-ocation 1

l-cr;atton2
l.ocation 3

Location4
[-ocation 5
0-ocation 6)

[.r

736
680

590
701
736

(r

58.

54.
47.

56.
58.

tr
360

o
28.

p

530

(,

42

p

Average 688.6 55.0
88

360 28. 530 42.

Cutdoor air 360

Carbon monoxide [pp*l p o F a F o p a

t-ocation 1

Lcr;atiolr.2
I-ocation 3

[-ocation 4
Location 5
(Location 6)

<1

5

<1

<1

<1

Average 1

Outdoor air 0

Particul,ate matter [mglm3l p o F o F o p o

location 1

Lcr,atton2
[-ocation 3

[.cr;atior.4
l-ocation 5
(I-ocation 6)

0

0.17

0.09

0

0

0.02

0.02

0.02

0.02

0.02

Average 0.052 0.02

Outdoor air

tYOC[mglm3l Toluene equiv F F F p o

Location 1

I,cr;atior2
Location 3
I-ocation 4
Location 5
(I-ocation 6)

0.14
0.18

0.17

0.r8
0.t4

0.01
0.02

0.02

0.02

0.02

0.17 0.02

0.22 0.0:

Average 0.16 0.02 0.17 0.02 0.22 0.0;

Outdoor air 0 0.05t9

Swtss NluoNar.Rrsonr
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900

8s0

800

750

700

650

600

550

500

450

400

Time

Figure EI: Carbon dioxide concentration at location 4 during the aildit day

z0

1.0

A o.o

50

cumul%

Figure E2: Cumulatedfrequencies of COrconcentrations. Lefi: all values. Right: selected
values.
The variation is considerable, taking into account the fact that this is not a naturally ventilated
b,uilding. The pattern is not randomly distrib'uted, tlre distribution diagrams are trimmed at
both ends. A morning high of 850 ppm at 10h00 is followed by a steady derease to 600 ppm
by lunchtime, while the afternoon is a sequence of rise and fall episodes with an arnplitude of
ca. 100 ppm mperimposed on a steadily rising trend. The events in tlrat sequence may occur
with an apparent period of 40-60 min. No indication of a particular regulation of the air
conditioning system could explain this behaviour.

E&g"

co
cl

tr
o)
C)
tro
C)

No
U

1918L7761.413L21110

1.0
EDoo o.oI

-1.0-1.0

-2.O

-3.0 -3.0
50

cumul%

Building CE-E
Carbon dioxide cont. meas.

Average

ppm
SD

ppm

CreOmean

ppm
GSD Median

ppm

Ma:r.

ppm

Location 4 70t 8t 697 t.t2 693 8&

#g
Ff"

#ffiF
{
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VOC: compound Concentration [ru/m3l
acetofle
toluene
m-xylene
aliphatic CTHI6
C5H2O8 ester
1,1,1-trichlorethane
acetic acid ?
acet.acid eth.ester
2-methyl-pentane
dichloro methane
o-rylene
rimethyl-benzene
prylene
benzaldehyde
I

24
t9
14
12
11

10
9
6
6
5
5

5
4
4
4

SwISS NATIoNALRTpOnt

This building presents low concentrations ov very common VOCs

General Indooor Climate measurements

'0,1 m 0,6m 1,1 m Oper.

24.0

23.5

23.0

22.5

22.0

2L.5

2L.0

t4 15

rime [hh]

Figure E2: Temperatures at locatbn 4 duing the audit day. Yentilation is stopped a 17:00.

U
o

a)
o)
5
(rl

o)a
E
o)

Er

121110 1918t7t613

Continuous measurements Location Nn 4

Airtemperature 0,1 m [oC]
Airtemperature 0,6 m ["C]
Air temperature 1,1 m ["C]
Cperative temperature [oCl
Relative tu;rrrrtdtty lVol
Carbon dioxide [oom]

Start time
10:00
10:00
10:00
L0:00
10:00
10:00

Stop time
l8zl2
18:12
18:12
18:12
18:12
18:12

p

2L.!
22.t
23.(
22.:

4(
703

(,

0.2
0.5
0.5
0.5

2
75

Min
21.1
2t.8
22.1
2L.3

37
580

Max,
22.4
23.6,

23.9

23.3
4

8&

BUILDING E, page 1.1



Air velocitv [m/sl at 0.1 m 0,6m 1.1m

I-ocation 1

Lm,atroll-2
Location 3

l-ocation 4
l.ocation 5
(Iocation 6)

tro
0.10
0.08
0.07
0.14
0.07
0.L2

p
0.10
0.08
0.07
0.11
0.08
0.12

p
0.11
0.10
0.07
0.06
0.14
0.08

Average 0.10 0.09 0.09

EuropsANAuDITPnorscr

In our cases, mean radiant temperature was always calctrlated from air and operative
temperafi[es.

Relative Humiditv l.L m Supolv air Adi. room
Iocation 1

Irr;atiolr-2
Location 3
Location 4
Location 5
(I-ocation 6)

29
28
28
29
28
28

Averase 28

Outdoor air

Air temperatures at 0.1 m 0,6nr 1.lm Supply air
Iocation I
lrr,atjor.2
Iocation 3
I-mafiolr4
Location 5
(trcation 6)

21.4 22.9

23.1

24.3

23.8

23.C

23.8

23.3

Average 27.4 22.9 23.6

Outside air

Mean radiant tempemhrre
At 1,1m Calculated

Operative temperahrre
Measured lCalculated

Location 1

Lrcatiot2
Location 3
Location 4
Location 5
fi-ocation 5)

17.4
t8.2
14.5

21.6
15.6

18.5

20.4
21.4

19.3

22.3
20.4

21.0

Average 17.6 20.1

BUILDING E,page12
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E rzoo
o
a 1'150
tAI
P 1'1oo

o
B 1'050

€ 1'000

10 11 t2 13 74 15 16 17 18 19

Tirne

Figure E3: Water vapoar pressure at location 4 during the audit day. This parameter is
tightly controlled (LSVz) by the air conditioning system

Noise tdB (A)l Office Note

[.ocation 1

LocatiorZ
l-ocation 3
Lcr;ation4
[.ocation 5
(I-ocation 6)

40
55

35

55

55

55

Emptyroom

Average 49

Cutdoornoise 53

Ventilation measurements
s

Air flow rates in ventilation system [mt/hl Planned Measured +

Total air flow rate into building
Fresh air flow rate into building
Exhaustfrom building
Recirctrlation rate

Estimated airchange rate Ifh]
Estimated fresh air per person [V(s'pers.)]

64'000

62'000

44'000

3/j700
10'000

25Vo

2

62

4000
4000

2000

SVo

Mesure atlocation Nr I 2 3 4 5 Total
Airflow rate from ventilation

uncertainty
Air flow rate from hall

uncertainty
Airflow rate from other space

uncertainty
lnfiltation

uncertainty

320
8

106

4
0

0

0

1

L4 134 268 87C

4472(
4 82 118 35(

2451(
000[
000(
000(
1114

Airflow rates in m3/h. Total is total airflow rate into monitored area.

BUILDING E, page 13



Total is total pollution load in monitored zone.

Weather conditiorc on audit daY

EunopuNAuorrkorsc?

Pollution load

Source intensity
Olfactive load

uncertainty
Load from ventilation

uncertaintY
loadfrom smokers

uncertainty
[,oadfrom occupants

uncertainty
Loadfrom othersources

uncertainty

1

30

20

5

7
1

0

1

0

20

20

3 4 5 Total

58040
791040
32720
33620
1117
0001
1116
0001
36030
791040

olf
olf
olf
olf
olf
olf
olf
olf
olf
olf

Carbon dioxide
uncertainty
corresponding to
uncertainty

Number of working places

36 60 125 360

033620
023720
00001
21116

t42
6

8

0

1

W
W
PETDLTI!.D

persons

persons

Weather station
Date

Description

Wiidenswil
2-02-94

Variable

Weather data Average Morimum Minimum

femperafirre 0600-1200

Iemperature 1200-1800

Relative humidity 0600- I 200

Relative humidity 1200-1800

Wind speed 0600-1200

2.4

4.5

7A

69

0.6

3.7

5.0

72
71

0.8

7.4

3.8

6t
ffi

0.4

Energr consumption

Note tt 
"t 

*ost digits, resulting from transformation of liters, kg, kWh, erc into MI, are not

use tMil 1'993 l'992 l'991 1'990

506',754 65/,'.700

!U6'422 6'.106',296

3'93'48 4'.232606

543',U1 437851

'559'.412 
!169'.7%

3922428 3'136'399

9'.688'.621 10'993'603 10'025'481 8'.74/}'.034

1'100 ]-'200 1'100 1'000

521 5n 487 430

579 673 613 570

BUILDING E,page\4



IAQ Stiifa Day 8:00-18:00

Mean Stdev. Min. Ma:c.

Night 20:00-06:00

Mean Stdev. Min. Max.

Location e

[.ocation f
I-ocation d

7.34 0.29 6.56 7.79

7.34 0.26 6.63 7.81

7.29 0.2,4 6.61 7.83

7.72 0.15 7.50 7.93

7.47 0.07 7.36 7.58

7.62 0.13 7.4 7.82

Average 7.32 0.n 6.60 7.83 7.60 0.L2 7.43 7.78

Swxss NATIONALRXFORT

Additional measurements

9

8

7

6
3&jau

24

23

22

2t
20

l9
3Gjan 31-jan l-fev

3Gjan 3l-jan l-fo, 2-fev 3-fev 4-fe!r 5-fev Gfev 7-fot 8-fev

The audit day (Feb. 2) looks like any other week day. It is interessant to observe the

automatic correction of humidity during the day.

-tAeul 

Electronic nose (stifa) Ee'surencnt L2'1994
&00

7.80

7.4
5, uo
9 t.zo

7.00

5.t0

660

The ventilation does not make the air better when it switches on at 7:30HoweveC a part of the

employees arrive atthe office at this time.

d
s.

O

i,

d
oaa
oF

60

s
;40
€'dn

0

50

45 i'o!
a<3;B_
2s bEmH
l5brt0E

F
flIOl A2;5l 05:01 tlzSl lGOl l2,Sl 15:01 l7z3l z}:0l Xl:31
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EurorrexAuonhorncr

time
bqin end

Ions
office

+ rons

Mean Mar Min
- rOnS

Mean I\,Iax" Min
Location 1 11:05 12:32

l-cr;anor? 10:00 \l:04
Location 3 12:34 13:43

I'rcatiott4 13:51 15:07

Location 5 75:25 16:39
(Iaation 6)

208 315

207 358

210 341
113 323
177 266

51

51

105

51

43

137 ?t5
132 511

135 220
66 180

169 265

11

6

31

0

95

Average 183 321 60 128 2U 29

Outdoor

There is no largedifference of concentration between positive and negative ions.

2
4

20

79

15

n
19

Radon concentration is very srnall.
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BUTLDING F

General information

EURoPEANAUDTT k<uscr

1. Buildins identification. F

3. Situation Downtown- 7. Number of floors
areaofeachfloor (m2)

nunrber of offices

number of employees

6
5'830
1'500
800

4. Trafficwithin 200 m. Busy through road.

5. Near sources of Pollution Parking Eara3e.

0

3. Year of building comPletion
Year of total renovation

Year when user entered

l'958

1',958
5. Activities besides officqqauk- Laboratory.

2

Flat roof

). No. of floors beneath grourd

Roof tilt ansle

10. Position of solar shadings

Solar shadines: movefirent

Between
gla?,ln9.
Inrlividrrnl

11. Nnrnberof Slae;lng
Glazinc tvoe

Triple pane.
Lisht reflectine.

12. Modirfication of?
Flooring
Insulation
Wall or ceiling lining
Windows
Heating system
Ventilation wstern

None
None
None
None
None
None

13. Furniture made of
Ase of ftrrniture

Veneered chip board.

More than three Years.

14.I.:rlge green plants
Plants reatment

No large green Plants.
No treatement.

15. Smoking Allowed in separate rooms. 16. Office activities

solven6
other chemicals
copyingmachines
laser p,rinters
personperVDU
carbonless paper use

No solven8
None
Yes.
Yes.
7-2.
No.

17. CleantngfrequencY
Tables
Walls
Wastring floors
Vaguum cleaning
Mopping
Sweeping
Wu<ing
Srrino cleanine

Daily.
I-ess than once a month
Less than or,o 

"*ootL.Daily.
0
0
0
kss than once a Year.

I-mk of the floors Not so clean

18. Detergent for cleaning
cleaning agent linoleum

cleaning agent carPet

cleaning agent tables

cleaning agent sanitary

tlpe/name
ShampooWetrox

fuitiwa:rWetrox

Swipe

Caletin

:ontent PH
xrpet cleaner

rar(

alcml

Does not
leave a film.
Polistr or
wilL
Leaves a
fikn.
Does not
leave a film.

BUILDING F, page 1



Swrss NarroNarRrponr

Installation

1. Installation identification
2. Rmm heating

I-ocation of heating
Air heating.
Supplvof warm air

3. Room cooling Supplyof cooled air

4. Temperature control

Night set back

Adjutable wall
thermostat.
No.

S.Ventilation of rooms

Windows

Simple balanced system.

Windows can, but may not
be ooened.

6. Design outdoor air change
Lowest outdoor air supply

8. Equipment vent system

Recirctrlation [7oJ

trft rnid if ieetion sv-$erYr

0,5 to I per hour.

Vspers

<75

Sorav-

7. Position air intake
height above ground
distance from

exhaust
distance from

cooling towers

On the roof.
30
vert.5 hor.20

ve,rt. 5 hor. 15

Water purification
Crrolinr tvne

None.
Lake water

Heat reoov€rr/ None.

9. Ventilation systern on/off
Sensors for demand control

Manually.
No such conhol.

Operating at:
full performance
1007o recirculation
Pnrtinl ranirr.rrl etian 00:00

Fron
00:0(

tol days per weel
8:59lt i

23:59 Variable Vrrerlur:neir
10. Ductmaterial

f}rrrt insrllafion
Galvanised steel.
lnternal insulation-

11. Serrrice
Air intakefilts
R ecir.r'rrl atian drrct fi her

Class

Eul

[.ast replacement Needing serrrice
1-11-93 No.
1-10-91 No.

Central unit filter
Supply filter
Induction / fan coil filter

hA 1-10-93 No.

Heating batteries
Cooling batmies
Heat exctranger
Hrrnidifier

Last cleaning
1-10-93
1-10-93
1-10-93
1-10-O?

Needing senice
No.
No.
No.
No-

Ducts
Air outlets in rooms
Air inlet in roorns

No.
No.
Yes.

12. Location air srpply inles
Iocation air outlets

Designed ventilation principle

Atwindovnill.
High.
Mixing ventilation.

BITILDING F,page2



Investigated rd)Ins

Summary
Roomname

651234
301 302 30516 307 Hal308

Wall materials inside
Insulation material
firickness of insulation [cm]

Glass.
Minerd wool.

444 44

Felt carpet (needle) IVoareal
Nap carpet l7oareal
Lacquered wood \Voareal
Vinyl (PVC) l%oereal
Linoleum lVoareal
Tiles Poareal
other (tnna here-\ l%"ereel

100100100 10(100100

Wall covering / treatrnents

Ceiling material (irside surface)

Space above acoustic tiles [cm]
Dust above acoustic Panes?
Acoustic baffles below ceiling?
Anv other ceilino tnoe?

Enamel paint
Acorstic panes.

40 40 40 40 40

Yes. Yeg Yes. Yes. Yes. Yes.

No. No. No. No- No. No.

Room lighting
Lighting location
Ipe of artificial lighting
Cnntrnl of lishtins

Artificial and Daytight.
Ceiling and individual.

Fluorescent.
Manual.

Visible mouldgrowth in rooms
Damp spots
Vlould odor in room

No. No.
No damp spoa.

No. No.

No.

No.

No.

No.

No.

No.

No.

No-

a,rea [m"l
lleight ffi
Nb of work places

Fleecy material [m2]
Shelf length [ml
Window anea [m']
0Ftina denth [m'l

26.U
2.9
2
0

5.6
5.92
7

2.9
0
0
0

0
0

n 26.il
2.9 2.9

22
00
1.6
s.92 5.92
77

53.28
2.9
4
0

25.2
11.84
7

47.73
2.9
4
0

14.3
11.84
7

Nb. of laser printers
Nb. of photocopiers
Nb. of VDUs
Acceptable access for cleaning?
Doorto corridonopen?
Nb. of VDU with reflection
Nb of rr'DU with slare

2
0

2
Yes

Closd
0
0

1

0
2

Yes
Closed

0
0

1

0
5

Yes
Open

0
4

I
0
2

Yes
Open

0
2

2
1

3
Yes

Open
0
1

0
0

0
Yes

0
0

Eunopna,NAuorr korscr

All the air is extracted from the room to the corridor and later in the cetrtral staircase. At the

top of the staircase is an exhaust fan. A part of this air is recirctrlated-

The 5 offices are separated by walls. Room 308 has only air coming from ventilation and

infiltration. The other offices also get some air from the corridor.
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Questionnaire

Heatth

General Total/i.{r Mean Stdev Percentage

Questioruraires distributed
Ouestionnaires refirrned 85E

135
115

Age
Number of female occupants
Number of male occupants
Time at desk before fi[ine questioruraire

42.76 12.39

2.77 3.47

3s%
6s%

115
40
75

109

Managerial work
Specialist skill
Clerical
Other

Lzo/t

45V.
30E(
LY(

14
52
35
L4

Time spent inthe building [yearsl
Time spent in the fi)om [yearsl
Hours per day at the desk
Paidhours perweek
Hours at VDU perweek
Davs oer month in the buildine

113 10.13 9.94
Lt4 4.52 6.63
113 9.17 14.74
112 47.29 6.54
Ll4 19.40 14.62
115 21.17 5.47

Number of people in the room
Rooms withoutwindows
Roorns with windows
Distance from the window
People opening the window
Peoole not ooenine the window

2.2,4 2.66

2.07 1.16
6tE
3W.

0E
l$W.

113
0

115
113
70
45

Health durine past month Svmotom oresent for Better away

Answers 1-5 Davs 6.10 Davs >10 davs ves no

Dry eyes
Watering eyes
Stuffy nose
Rmnynose
Dry throat
Chest tightness
Flu-like symptoms
Dry skin
Rash q irritated skin
Headaches
Lahar:g
Ofher svrnntrxns

113
115
tt4
115
115
115
115
114
114
115
tt4
106

D
26
30
v
36
l3
4
t4
8

48
46
8

7
5
9
6

11

4
8
9
4
8
15
4

13
2
15
8

13
1

7

26
7
4
9
11

38
23
26
19
28
t7
t2
26
7

30
43
15

15

14
n
25
D
7

36
25
t6
D
22
7

Seasonwhenworst
(numbers of answers)

Part of the day when worst
(numbers of answers)

Sorins Summer Autumn Winter Anv
83 4 2 2 v 41

Morninc Afternoon Evenine Anv
85 l0 25 t7 33
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llealth now Symptom prcsent
TotaL/i.lr Nb of ves

In building
Better Same Worst

Severity
Mean Stdel

Dryeyes
Watering eyes

Stuffy nose

Rrumynose
Dry throat
Chest tightness
Flu-like symptoflrs
Dryskin
Rash or irritated skin
Headaches
I-ethury
Ofher svmotorns

115 28
115 5
115 35

114 17

115 38
115 9
115 12

tt4 40
115 13

115 11

115 20

104 11

t4
7

t9
8

23
7
8

28
9
8

10

2

3.70 1.59
2.33 0.23
3.54 0.57

3.79 L.L2
3.30 0.4?
2.91 0.65
2.94 1.54
3.68 0.38

3.43 0.69

3.73 2.01

3.10 0.48
s.09 0.51

EURoPEANAUDn KOIECT

Flequency of building related symptoms
Only symptoms whichdisappear out of b,uilding are taken into account in this table. For each

symptom, the frequency is the ratio of the number of person presenting the symptom to the

total number of answers..

Dryeyes 34Vo

atering eyes t9Vo

nose 23Vo

nose 17Vo 1

throat 26%
tightress llVo

symptoms llVo 11

skin 23Vo

orirritatedskh 6Vo 1
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Environmental conditions

Environmental conditions past month TotaUl.{r Mean Stdev
Level of thermal comfort
Indoor air acceptability
Comfort temperature
Temperature variation
Airmovement
Airhumidity
Air stuffiness
Air odor
Ughting
Noise

108
174
774
712
111

114
1,1,4

115
115
Lt4

0.05
1.90
3.37
4.63
3.96
2.68
3.39
3.03
2.42
2.75

1.72
2.32
1.81
1.51
L.70
1.L5
1.59
t.u
1.86
1.68

Level of thernral comfort are on a -3 to+3 scale, Indoor air acceptability is on a -5 to+5
scale, while other votes are on a 1 to 7 scale.

Environmental conditions now TotaUl.{r Mean Stdev
kvel of thermal comfort
Indoor air acceptability
Comfort temperature
Air movement
Airhumidity
Air stuffiness
Air odor
Ught brightrcss
Lieht flickering
Glare
Light uneven
Lighting satisfactory
Noise from ventilation
Othernoise
Noise satisfactorrr

115
115
115
114
114
115
L14
113
111
t14
712
tt4
114
Lt4
113

0.00
2.50
2.69
3.73
2.76
2.93
2.71
3.81
1.61
2.17
3.99
2.n
2.55
3.49
2.94

1.4
2.4
1.58
t.4
1.10
1.53
L.52
0.90
1.76
7.56
0.93
7.72
1.66
L.65
7.69

As shown on next table, most environmental conditions are found acceptable, except IAQ, air
dryness, air odour and glare. The air problem probably comes from recirculation and tobacco

snroke.
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Criterion
Past month

ul o
Novr

u,l o Conclusions

Thermal Comfort
Termperature
Terrnperature variations
IAQ acceptability

Airmovement
Airhumidity
Air stuffiness
Air odour
Lightbrightness
Ughtflickering
Glare
Ughtuneven
Lighting satisfactory
Noise from ventilation
Othernoise
Noise satisfactory

-0.2

2.8
4.2
0.7

2.8

2.5

4.2
4.0
2.7
4.7

1.1
L.6

1..2

2.9

t.2
L.9

1.1
1.9

2.0

7.7

-0.2
2.5

L.4

3.8
2.5
4.0
2.8
3.9
1.8
2.4
4.0
2.4
2.4
3.1
2.6

0.9
1.5

2.7

1.6
1.1
1.8
1.9

1.1
1.3
1.7

1.0
L.6

1.8

1.7

1.7

Comfortable
Comfortable
Nice
Just
acceptable
Nice
Dry
Acceptable
Smelly
Fine
Very stable
Faint glare
Nice
Good
No noise
No noise
Good

EunopmxAuon horBct

Environmental conditions: evaluation

Health and direct environment

Estimation of occupant's influence on indoor conditions
p is the averagevote on a 1 (no influence, unsatisfactory) to 7 (total influence, satisfactoqy)

scale. ais the staltdard deviation of the votes within the poptrlation.

lnfluence on I o Conclusions
-temperafirre
-ventilation
-lighting

Cleanliness

4.1
1.8
4.L
5.3

2.2

L.1

2.2

l.i

Some influence
No influence
Some influence
Clean

Despite the fast that octrpants can open the windows, tlrey feel that they have no influence on

ventilation, because window opening is not recommended- This btrilding is also felt cleaner

than G, but does not seem to the audit team that F is really cleaner.

Total/l.{r Nb yes Percent

I have smoking neighbors

t bring comments on my environment

t had asthmatic problems

I have suffered from eczema

I have suffered with hay fever
Do you smoke?

Do you smoke in this room?

Did you ever smoke?

92 27 29Vo

U 38 45Vo

91 9 10Vo

91 7l 26Vo

9L 25 27Vo

86 16 79Vo

25 12 48Vo

68 21 3LVo

BIIILDING F,pageT
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Building symptom indices

Correction factors are based on female clerical.

Sensory measurements

Uncorrected BSIs
Number

Past month

Shortlist Full lisl
Today

Short list Full lisl

Women All women
Managers

Specialists

Clerical
Others

49

5

4

38

I

3.4

3.0

4.0
3.5

4.5

4.1

3.8

4.8

4.8

5.0

2.5 3.1

3.0 3.(

2.5 3.(

2.3 3.(

3.0 3.(

Men All men

Managers

Specialists

Clerical
Others

43

25

13

z

3

1.6

7.6

1.3

3.0

0.7

2.2

2.2

1.5

4.5
0.7

1.3 1.1

t.2 1.(

1.1 L.2

2.5 4.(
1.3 2.3

Global building grmptom indices Number Value

t ast month, short list BSI fs

[.astmonth, full list BSIff
[.ast month, short list, corrected BSI fsc

Last month, ftill list, corrected BSI ffc

2.60

3.45

2.65

3.78

92

92

92

92

Today, short list BSI ss

Ioday, fulIlist BSI sf

Ioday, short list, corrected BSI ssc

Ioday, full list, corrected BSI sfc

1.87

2.40

2.09

2.89

92

92

92

92

Sensory evaluation Offices Suppll alr Adjacenl I Adjacenl ,

Perceived air quality p o p o F o F o

[.ocation 1

Location2
[-ocation 3

.ocatlion4
[.ocation 5
(I-ocation 6)

5.0

6.0

7.8

6.5

6.9

1.(

1.9

3.3
.Ea.-
3.2

3.3

3.3

3.3

3.3

3.3

1.9

L.9

1.9

1.9

1.9

9.5 3.3

Average 6.4 2.5 3.: 1.9 9.5 3.3

Outdoor air 0.5 0.7

BITILDING F, page 8



General Indoor Air Quality Measurements

Chemical analysis of air Office
s

Supply alr Adjacen 1 Adjacent ,

Carbon dioxide [PP*l
[ocation 1

Lcr;atioll.2
lsation 3
Lm,anor^4
l-ocation 5
(I-ocation 6)

tt
770

800

880

880

810

o
6l
u
70

70

64

t, o l.r,

890

890

890

890

890

o
7L.t

7L.t

7L.i
71.i
7t.:.

l.r o

Average 828 66.2
4

700 56 890 71.1

Outdoor air 400 32

Carbon monoxide [PPml tr o F o F o tr o

Location L

LocatrotZ
I-ocation 3

Location 4
Location 5

(I-ocation 6)

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

Average <1 <1 <1

Outdoor air <1

Particulate matter [mg/m3l p a F o tr o p o

[-ocation ].

Lcr;anort2
[-ocation 3

Location 4
[-ocation 5
(I-ocation 6)

0.34
0.21

<1

0.25

0.15

0.02
0.02

0.02

0.02

<1

<1

<1

<1

<1

0.28

0.28

0.28

0.28

0.28

0.02

0.02

0.02

0.02

0.02

Average 0.71 0.02 0.28 0.02

Outdoor air

TVOC[me/m3l Toluene equiv l.r
p F p o

[-ocation 1
l-cr,anorZ
location 3
L*atrorr-4
[.ocation 5
(Iocation 6)

0.53

0.97

0.7L

2.30

4.58

0.02

0.03

0.02

0.06

0.12

0.58 0.02 1.98 0.06

Average r.82 0.05 0.58 0.02 1.98 0.06

Outdoor air 0.42 0.03

EunopnaxAuorr koJEcr
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Building CH-F
CO: continuous meas.

Average

ppm

SD

ppm
Geomean

ppm

GSD Median

ppm

Mor.
ppm

Location 3 645 45 643 1.07 &3 747

Swlss NATIONALRSNONT

08 t2 13

Time

Figure Fl: Carbon dioxide concentration at location 3 during the audit day. Strong increase
at 17 h may be cawed by auditing snffwhen dismantling the instntments.

900

850

f aooI zso
.9 700

€ 6so
g 600

8 sso

B soo

450

400

17t61514111009

1.0

-1.0

-2.0

-3.0

50

cumul%

Figure H: Cumulatedfrequencies of COrconcentrations. Lefi: all valaes. Right: selected
values.

The concentation fluctuates moderately around a very slowly upward drifting line. The
distribution fits the normal curve correcfly, with the possible exception that two comparably
abundant data populations seem to be present, centered about *0.7 standad deviations away
from the mean.

1.0

A o.o

3.0

2.O

EDoa 0.0
U)

3.0

zo

-1.0

-2.O

-3.0

j
fl

aP
{

Jtr#f
r

50

cumu!%
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VOC: compound Concentration [pdmll
1-butanol
n-heptane
aliphatic CTHI6
toluene
m-rylene
acetone
C5H2O8 ester
methyl-cyclohexane
LLimonene
decane Cl0H22
acetic acid ?
trimethyl-benzene
aliphatic CTHI6
o-rylene
o-xvlene

u
81
81
57
33
28
18
74
13

12
12

11

10

10
10

so found in relatively large concentration in building C. 1-

Butanol is folnd only in F and C. These solvents come likelyfrom fresh painting work

performed in the building.

General Indooor Climate measurements

0,1m 0,6m 1,1m OPen

\
\

\-
\',,,,

U
o

o
Q)

5
c<l

6)
O.
E
o)
E'

23.5

23.0

22.5

22.0

2t.5

21.0

20.5

II,
'-'\r a, r-1..e /r'r 1

--ttt\-^-'

--a---r^\-----

\ ^-'.1r\.i 
-J

t2 13

rre thhl

t7t611100908

Continuous m easuremenb Location Nr. 3

Airtemperature 0,1 m ["C]
Airtemperature 0,6 m ["C]
Airtemperature 1,1 m ["C]
Operative temperature ["C]
Relative fu$ridtty Vol
Carbon dioxide [pem]

Start time
08:36
08:36
08:36
08:36
08:36
08:36

Stop time
17:00
L7:00
17:00
17:00
17:00
17:00

p

2t.c
22.2
23.1

22.2

35

652

o
0.2
0.2
0.2
0.2

1

59

Min
20.6
2L.8
22.5
21.7

34
555

Ma>r.

2t.3
22.7
23.5
22.6

38
900

Figure F2: Temperatures at location 3 during the audit day.

14 15
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Air velocitv [m/sl at 0.1m 0.6m 1.1m

I-ocation 1

I.cr,atlror2
Location 3

[ocation 4
[-ocation 5
fi-ocation 6)

po
0.20 0.02
0.08 0.02
0.11 0.02
0.33 0.02
0.16 0.02
0.15 0.02

po
0.07 0.02
0.0s 4.02
0.14 4.02
0.25 0.02
0.16 0.02
0.32 0.02

po
0.06 0.02
0.07 0.02
0.08 0.02
0.09 0.02
0.15 4.02
0.t7 0.02

Averaee 0.77 0.02 0.t7 0.02 0.10 0.02

Swrss Nlrrorqer, Rponr

In our cases, mean radiant temperafire was always calculated from air and operative
temperatures.

Relative Humiditv l.1m Supplv air Adi. room
Location 1
I.cr,atton2
Location 3
Location4
Location 5
fi-ocation 6)

4L
45
37
4t
38

39
39
39
39
39

Average 40 39
Outdoor air

Air temperatures at 0.1 m 0.6m 1.1m Supplv air
I-ocation L

Locatiot2
Iocation 3
l.ocation 4
location 5
fi-ocation 6)

21.7
22.5
21.6
22.0
22.9
22.5

Average 22.1

Outside air 5

Mean radiant temperafure
At 1,1m Calculated

Operative temperafi,rre
Measured lCatcrrtateA

Location I
l-cr,atior2
Location 3
Location 4
Location 5
flmation 5)

21.5

20.c
20.4
19.5
19.0

21.3

21.3
27.0
20.8
27.7

Averaee 20.1 2L.t

BIJILDING F,page 12
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1'100

1'050

1'000

950

900

850

800

T!re

Figure F3: Water vapourpressure at location 3 during the audit day.

Noise tdB (A)l Office Adiacent
Location 1

Looatllor2
Location 3
Location 4
Location 5

48
42
42
45
47

Average 45
Outdoornoise

Ventilation measurements

Air flow rates in ventilation svstem Planned Measured* t
Total airflow rate into building
Fresh airflowrate into building
Recirculated air flow rate
Recirculation rate
Estimated air change rate [ /h]
Estimated fresh air per person tV(s'pers.[

300'000
22'000
225'.000

7SVo

0.9
26

170'000
87000
&4'000
49%o

0.3
30

15'000
17000
g'000

L$Vo

mr/h

m'ft

lh
l/soerson

* Tt.ee fimes tt e air flow rate measured on one of the three uniB. The system is very old (30

years), then is possible that tlre planned air flow rates v/ere not so well defined.

Air flow rates in m3/h. Total is total air flow rate into monitored area. In tlre first two rooms

the doors were closed all the time (air flow rate from hall are very small).

'cd'
0r
d)

U)
u)
6)
a
oq
cl

o)
(tI

F

L7t615t3

Measrre atlocation Nr s13 385 631 189 79L Total

Airflow rate from ventilation
Ecertaiffy

Air flow rate from hall
uncertainty

Airflow rate from other sPace

uncertainty
krfiltration

r.rncertaintv

510 385 630 190 790
109204020
43 33 L4 560 47
t24705
00000
00000
00000
11111

2'.510

100

830
90

0

0

0

5
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12345
33 30 70 16 70
8720820

20 30 70 -30 80
20 20 s0 50 60
10 0 -10 -1 -10
201030840
22525
11111
22424
11111

10 2A 60 -30 70
20 20 50 50 60

olf
orf
orf
olf
olf
olf
olf
olf
olf
olf

Olfactive total load
rrncertainty

from ventilation

from smokers

from ocorpanB
uncertainty

loadfrom othersources

Total is total pollution load in monitored zone.
Inroom 5 was much old paper.

Weather conditiors on audit day

Energr consumption

Note that most digits, resulting from transformation of liters, kg, kWh, etc into MI, are not
significant.

Weather station
Date
Descriotion

Pulty
t5-02-94

Overcast
Weatherdata Average Maximum Minimum
Temperature 0600-1200
Temperature 1200-1800
Relative humidity 0600-1 200
Relative humidity 1200-1800
Wind speed 0600-1200

0.3
1.6

a
80

0.6

1.0
7.9
87
u

0.7

-0.1
L.2

83

78

0.4

use [M[ n7992 l'991 1'990 1'989

Natural gas

Electricity
32',7l77 63 36',204', 566 33',7 09'.7 65 33'. 632', 696

1 8'345'096 15'.979', 104 16'7 17212 16'.267 LM
5l'062',859

1'500
976
521

52'. 183', 67 0 50', 426' 977 49',899'800

1',500 1'400 1',400

1'043 922 935

457 478 465
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IAQ Stiifa Day 8:00-18:00

Mean Stdev. Min. Mor
Night 20:00-06:00

Mean Stdev. Min. Max

Location a

Location b
Location c

7.61 0.29 6.78 8.42

7.26 0.28 6.74 7.62

7.52 0.48 6.54 8.53

7.74 0.?/4 7.L6 8.0C

7.68 A.2l 7.15 7.89

8.10 0.29 7.36 8.37

Average 7.47 0.35 6.69 8.19 7.U 0.25 7.22 8.09

EunoprmlAuon horscr

Additional measurements

-29?- zt
9zs
E ,.,7zroF19

l3-fev 2l-fev

50

soo
.F -30

Ern
Er0

0

l3-fcv l4-fev l5-fcv l6-fev l7-fot l&fcv t9-fcv 20'fett 21'fan

The audit day,199402-15,1ooks more like a week-end day (Feb. 19 and 20) than like a
normal working day.

Electronic nrxe (Stife) me.surement 15.L1994
TAAI'I

8.m

-7_$D
g 7.00

6.50

6.fi)

5.50

5.00

55

50

459
lo'l
35 g.
ro Ps
zr E*
20E&15E
toF

9.@

t.50

00:03
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Very low radon concelrtration

lons time
office begrn end

+ ions

Mean Max. Min
- 10ns

Mean Max. Min
Iocation I 09:49 10:45

I-x,atton2 10:47 1l:40
Iaation 3 Ll:$ 12:39

location 4 12:47 74:74

I-ocation 5 14:20 15:31

Average

278 407 5

360 s03 68

300 376 190

n7 561 48

225 383 1

288 45 62

2L0 378 8s

138 228 3

141 225 31

t48 260 0

125 215 33

L52 261 30

Radon
ion 1 20

15

20

2̂0

[rcatiwt 6

[-ocation 3
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BT]ILDING G

General information

I. Building identification. G

3. Sinration Downtown. 7. Number of flmrs

area of each floor (m2)

number ofoffices

number of employees

9

4'667

680

8m

4. Traffrc within 200 m. Busy through road.

i. Near sources of pollution Parking garage.

0

B. Year of building completion

Year of otal renovation

Year when user entered

L',976

l'9765. Activities be.sides ofEce work Cther.

z

Flatroof
). No. offloors beneath ground

Roof tilt angle

10. Position of solar shadings

Solar stndings: movement

Inside.

Central
down,
individually

11. Number of glazing

Glazing type

Double pane.

Light reflecting.

12. Modification of?

Flooring

Insulation

Lining

Windows

Heating system

Ventilation system

None

None

None

None

None

None

13. Furninre made of

Age of fumiture

Metal.

3 years or less.

14. krge green plants

Plants treatment

Green leafed ptants.

No treatement.

15. Smoking Allowed in separate rooms. 16. Office activities

solvents

other chemicals

copymg machines

laser printers

person perVDU

carbonless paper use

l0 months

No solvenB

None

No.

Yes.

t-2
No.

17. Cleaning fre4uency

Tables

Walls

Washing floom

Vacuum cleaning

Mopptng

Sweeping

Waxing

Spring cleaning

Time since last spring cleanin

I.ook of the floors

l*"" 
" 
*."*.

l*., * once a month.

l*o*onceamonth.
l, ., times a month.

l*., * once a month.

lo

lo

l*." " 
r"rr.

18. Detergent for cleaning type/name :ontent pH

cleaning agent linoleum

cleaning agent carpet

cleaning agenttables

cleaning agent sanitry

ShampooWecok

Antiwax Wetrox

Swipe

Caletin

Does not leave a
film.
Polish or wax.

Leaves a film.

Does not leave a
film.

BIJILDING G, page 1



l. Installation identification
Z.Room heating

Location of heatins
Hot water heating.
Fan enil rrnits

3. Room cooling Iaal fan coil units.

4. Temperaure control

Nipht set back

Adjusable wall
thermosal
Yes.

5.Ventilation of rcoms

Windours

Supply system.

Windows can be ooened-
6. Design outdoor air change

Lowest outdoor air supply
Morethan 3 perhorn
Vs-pers

7. Position air intake
heightabove ground
distance from

exhaust
distance from

cmling towers

In the facade.
0
vert.21 hor.50

hor.

B. Equipment venl system
Recirculation [%]
Humidifrcation system
Water purification
Cmling type
Heat recovert,

0
Spray.
Wlamp.

I:ke watel
Other.

). Ventilation system odoff
Sensors for demand control

Auomatically by a clock.
No such control-

Ooeratine at: Frrom lo rtavs oer week
full perfomarrce
reduced perfcmance
stooned

O4:0(

00:0C

?fi:ff

M:0(

(

100% recirculation
Partial recirculation

10. Duct material
Duct insuliation

Galvanised steel.
lnternnl insnlation

11. Senrice
Air intake frlrcr
Recirculation duct filter
Central unit filter
Supply filter
Induction / fan coil filter

Class
Eu3

tu7

Lastreplacement Needing service
1-1G93 No.

No.
l-1G93 No.

No.
No.

Heating baueries
Cmlingbaueries
Heat exchanger
Humidifier
Ducts
Airoutlets in rmms
Air inler in rrrmc

l,ast cleaning
1-1G93
l-1G93
r49-93

Needing service
No.

No.

No.

No.

No.

No.
fas-

12. Iocation air supply inlets
Location airoutles
Desisned ventilation orincinle

In the ceiling. ILow. I

Di snl acem en t venti I atio n

ET,IR@EANAUDIT PnoIEcT

Installation

After the audit, the building management decided to improve IAQ in this building and
inspected the 17 year old fan coil units. They were so dirty ttrat it was decided to dismount,
clean and reinstall them.

BIJILDING G,page2



$rrmpgyy
Rnom name

12345(
575 576 577 578 579 Ilall

Wall materials inside
insulation
Insulation material
Thiclness of insulation
lcml

Metal. Metal. Metal. Metal. Metal.

Fiberglas. Fiberglas. Fiberglas. Fiberglas. Fiberglas.
8888I

Feh carpet (needle)

l%aulal
Nap carpet t%arcaj
Lacquered wood [%arca]
vinyl (PVC) l%aru,]
Linoleum l%arq)
Tiles [%area]
Other (trme here) fToareal

r001001m1001m

Wall covering / rearnents
leiling material
lpace above acoustic tiles
[cm]
Dust above acoustic

Panes?
Acoustic baffles below
;eiling?
Anv otherceilins tvDe?

Enamel paint
Acoustic panes.

L71717l7l7l

No. No. No. No. No. No.

No. No. No. No. No. No.

Rmm lighting
Lighting location
Ilpe of artificial lighting
Control of liehtine

Artifrcial and Daylighr
Ceiling and individual. I

Fluorescent.
Manual- ldanual- lvlanual. lvlanual.

Ceiling.

lvlanual. Auomatic.
Visible mouldgrowth in
rxxns
Damp spos
Mould odorinrcom

No.

No.

No.

No.

No.

No-

No.

No-

No.

No-

No.

No damp spots.
No-

Area [mz]
lleight [m]
Nb of wort places

Fleecy material [m2]
Shelflength [m]
Window area [mz]
1fficn derrth [m]

24.832
2.7
2
3

l3
7.2
6.4

2,4.832
2.7
2
3

t2
7.2
6.4

v4.832
2.7
2
3

t2
7.2
6.4

24.832
2.7
2
3

t2
7.2
6.4

214.832

2.7
3

3
t2
7.2
6.4

2,4.832
2.7
0
0
0
0
0

Nb. of laser printere
Nb. of phoocopien
Nb. ofVDUs
Acceptableaccess for
cleaning?
Door to ccridor open?
\IDU with reflection
Nb of VDU with slare

r0
00
20

Yes Yes

Closed Closed
00
00

0
0
2

Yes

0
0
2

Yes

1

0
2

Yes

2
0
2

Yes

Closed
0
0

Closed
I
0

Closed
0
0

Closed
0
0

SWISS NATIONAL ITEPORT

Investigated roonrs

The five locations are closed office roorls, separated by walls. All doors go to the corridor
and are allways closed. The tracer gas measurement did not show important connection

betrreen rootrrs.
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Questionnaire

General Total/l',[r Mean Stdev Percentage

Questionnaires disributed
lhestionnnirec rprhrrned

r30
tu) 78E

age
Number of female occupanB
lilumber of male occupans
fime lt deck lefrre fillino nrrestinnnaire

w)
47
54
98

42.2n

2.59

t3A9
47q.
53EG

2.03
lvlanagerial work
Specialist sloll
Clerical
Orher

r6
3r
49

5

rcq
3tq
49q
5q

Iime spentin the building [years]
Iime spentin theroom tyearsl
ttrours per day at the desk
Paid hours per week
[Iours at VDU perweek
Dlavs ner month in the buildins

tu2 8.11 6.87
tv2 4.49 5.51
r01 7.76 t.43
95 40.@ 7.43
97 16.2r t2.48
99 2r-93 4.33

Number of people in the room
Rooms withoutwindows
Rooms with windows
Disarrcefrcm the window
People opening the window
Peoole not ooenins the window

r01
0

10r
lm
75
27

1.85

1.97 1.20

0%
t00,7.,

74%
?5q"

Heatth

llealth durine mst month Svmotom Dresent for Bett€raway
Answers l-5 Davs GlODavs >10 days yes no

Dry eyes
\Yatering eyes
Stuffy nose
Runny nose
Dry throat
Chest tightness
Flu-like symptoms
f)ry skin
Rash oriniatod skin
Headaches
Lrttwgy
Ofhe; swmnfnma

101

r0r
r0r
10r
r0r
101

tv2
100
100
tv2
r01
R5

2t
t7
31

22
39
t2
38
t4
9

47
36
5

9
4
9
3

9
I
5
8
I
4
20
I

16

7
19

10
r5
5
4
19

6
3
9
6

37
20
37
t4
v
t2
2l
24
7

37
45
7

3
7
18

20
2t
5
18

t2
7
14

13

2
Season when worst
(numbers of answers)
Partof theday when worst
fnrrmhers of answers)

Smins Summer Auhrmn Winter Anv
73 0 I o 27 45

Mornins Aftemmn Evenins Anv
75 8 26 3 38
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llealth now Symptom present
TotaUNr Nb of ver

In building
Better Same Worst

Severity
Mean Stdel

Dry eyes
Watering eyes

Stuffy nose
Runny nose
Dry ttrrcat
Chest tightness
Flu-like symptoms
Dry skin
Ra$r uinitatedskin
Headaches

L.ethrgy
Othpr svmnfoms

99 32

999
99 38

98 12

99 34

989
99 t2
101 33

101 9

r01 15

100 25
77 '1

?fr
8

t4
4

2A

I
3

t4
4

ll
r3

C

1l
2

20
7

13

3
9

18

3
4

r0
I

3.57 r.40
3.33 0.28
3.38 0.44
3.42 1.41

3.t4 0A9
2.89 0.55
3.20 r.40
3.53 0.v
3.33 0.50
2.73 1.31

2.63 0.48
all 0 4q

SWTSSNMONAI,REPORT

Frequency of building related symptoms
Only symptoms which disappear out of building are taken into account in ttris table. For each

symptom, the frequency is the ratio of the number of person presenting the symptom to the

total number of answers..

yeyes 39Vo

atering eyes 2OVo

Fy nose 38Vo

nynose l47o
throat 37Vo

)st tightness l27o
-like symptoms 22?o

skin 25Vo

or irritated skin 1Vo

BLIILDING G, page 5
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Environmental conditions

Environmental cunditions past month TotalNr Mean Stdev

Irvel of thermal comfort
lndoor air acceptability
Comfon temperanre
Temperanre variation
Airmovement
Airhumidity
Air snrffiness
Air odor
Lighting
Noise

92
102
99
98
101

99
95
100
100
100

0.50
2.34
2.98
4.6
4.5t
2.58
3.43
2.68
2.80
2.74

1.53

2.28
t.tt
1.29
1.50
1.33
1.58
1.74
2.00
r.79

Level of ttrennal comfort are on a -3 to+3 scale, Indoor air acceptability is on a -5 to+5
scale, while othervotes are on a 1 to 7 scale.

Environmental cunditions now TotaINr Mean Stdev

Level of thermal comfort
Indoor air acceptability
Comfont temperaftre
Airmovement
Airhumidity
Air stufFrness
Air odor
Ught bnightness
Ughtflickering
Glare
Light uneven
Lighting satisfacory
Noise fromventilation
Other noise
Noise satisfactorv

101

98
100
100
100
100
100
100
100
100
99
100
101

99
101

0.19
2.56
2.72
4.03
2.80
3.14
1.81
4.6
1.55
2.53
4.02
2.36
3.38
3.17
2.84

1.43
2.37
r.73
1.15
L.t7
1.61
LN
0.67
L.L2
1.94
0.92
1.87
1.91

t.92
1.61

As shown on next table most environmental conditions are found acceptable or good, except

variable temperature, indoor airquality, odotu and glarc.

BLTILDING G, page 6



Cliterion
Past month

p(,
Now

l, c, Conclusions

Thermal Comfort
Termperature
Termperature variations
IAQ acceptability
Airmovement
Airhumidity
Air stuffiness
Air odor
Light brightness

Light flickering
Glare
Light uneven

Ughting satisfactory
Noise fromventilation
Othernoise
Noise satisfactory 2.7

0.5

3.0

4.7

2.3
4.7

4.5

2.6

3.4

2.8

1.5

1.7

1.3

2.3

1.3

1.5

1.3

1.6

2.O

t.7

o.2

2.7

2.6

4.0

2.8

3.2

1.8

4.1

1.6

2.5
4.0

2.4

3.4

3.1

2.8

1.4

L.7

2.4

L.2

1.2

1.6

1.3

0.7

1.1

1.9

0.9

1.9

1.9

1.9

1.6

Comfortable
Comfortable
Variable
Acceptable
Nice
Nice
Acceptable
Faint smell
Fine
Very stable
Faint glare
Nice
Good
No noise

No noise

Good

Swss NmoNlrRsponr

Environmental conditions: evaluation

Health and direct environment

Estimation of occupant's influence on indoor conditions
p is the average vote on a 1 (no influence, unsatisfactory) to 7 (total influence, satisfactory)
scale. ais the standard deviation of the votes wittrin the population.

lnfluence on l/ o Conclusions
-temperature
-ventilation
-lighting

Cleanliness

2.(
,r2

3.1
4.4

1.9
1.7
2.0
2-t

Weak influence
Weak influence
Some influence
fust acceotable

Total/i.{r Nb ves Percent

I have smoking neighbors

t bring cornments on my envirronment

t had asthmatic problems
I have suffered from eczema

I have suffered with hay fever
Do you smoke?

Do you smoke in this room?
Did you ever smoke?

101 26 26Vo

102 30 29Vo

102 7 1Vo

lO2 17 LTVo

100 19 l97o

95 20 2l7o

82 14 lTVo

85 30 35Vo

BLIILDING G, page 7
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Building symptom indices

Uncorrected BSfs
Number

Past month

Short list Full list

Today

Short list Full list

Women All women
Managers

Specialists

Clerical
Ottrers

52

(
1

42

A

2.4 3.3

0.0 0.c

3.7 4.3

2.7 3.1

3.8 4.8

2.3

0.c

2.3

2.5

4.3

t.9
0.0
2.2
2.0
3.8

Men All men

Managers

Specialists

Clerical
Others

47

L6

24

6

1

0.9 1.2

0.7 l.C

1.3 1.7

2.3 2.1

1.0 l.C

t.2
1.C

L.2

2;1

0.0

0.7

0.6
0.9

1.5

0.0

Global buildine symptom indices Number Value

Last month, short list BSI fs
[,ast month, full list BSI ff
Last month, short list, corrected BSI fsc

[,ast month, full list, corrected BSI ffc
foday, short list BSI ss

foday, tull list BSI sf
foday, short list, corrected BSI ssc

foday, full list, corected BSI sfc

100 2.09

100 2.79

100 2.06

100 2.97

100 t.57
100 2.o2
100 L.47

100 2.33

Correction factors are based on female clerical.

Sensory measurements

Location 2 contains smokers. Adjacent 1 is the corridor.

Sensory evaluation Offices Supply air Adjacent I Adjacent 2

Perceived air quality
Location 1

Location 2

Location 3

Location 4
Location 5
(I-ocation 6)

p"

4.8

8.2
4.2
6.8

6.7

o

t.4
2.4

1.0

1.6

2.2

po
2.3 1.3

2.3 1.3

2.3 L.3

2.3 t.3
2.3 1.3

6.5 3.J

Average 6.1 t.7 2.3 1.3 6.5 3.J

Cutdoor air 0.9 0.9

BLIILDING G, page 8
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General Indoor Air Quality Measurements

Chemical analysis of air Offices SuppIy arr Adjacenl 1 Adjacenl 2

Carbon dioxide [ppm]
Location 1

l-ocation 2

Location 3
[-ocation 4

[ocation 5

0cation 6)

763

840

800

820
770

o
61.0

4.
67.2

il
65.6

61.6

p o
700

700
700

700
700

56

56

56

56
56

p o

Average 798.6 63.8
88

650 52 700 56

3utdoor air 400 32

Carbon monoxide [PPm] F o F o u o u o

Location 1

Location 2
Location 3
[.ocation 4
Location 5
(I-ocation 6)

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1.

<1

<1

<1

<1

Ave,rage

Outdoor ak <1

Particulate matter tmg/m3l F o F o F o u o

[-ocation 1

I-ocation 2
[-ocation 3
[-ocation 4
Location 5

0-ocation 6)

0.19

0.34

o.L2

0.M
0.23

0.02

o.o2

0.02
0.02
0.02

0.3 0.02

Average 0.24 0.02 0.3 0.o2

Outdoor air

tVOCtmefuAI Toluene equiv F p tr F o

l.ocation 1

Location 2
Location 3

l-ocation 4

location 5
(hcation 6)

0.15

0.13

0.08

o.l2
0.11

0.01

0.01

0.01

0.01

0.01

0.07

0.07

0.07
0.07

0.07

0.01

0.01

0.01

0.01

0.01
0.11 0.0

Average o.L2 0.01 0.07 0.01 0.11 0.0

Outdoor air 0.03 0.01
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2.O

1.0

?oo

a

"{
.G s@tr

ltr
@

8s0

800

a 7s0
,gtr 700o
E 6so
IJ
E 600
C)t ssoo
b s00u 

4so

4m
t3 14 15

Time
Figure G.1: CO2 concentrationversus tirne. htnchbreak canbe clear$ seen.

09 t21110

2.0

1.0

A o.o

-1.0

-2.0

-3.0

-1.0

-2.0

-3.0

50 100

cumul 7" cumul o/"

Figure G2: Cumulatedfrequcncies of COrconcentratiots. Izft: all vahtes. Riglx: selected
values.
The data are made up of nvo unequal populations, as shown by the distribution curres. A low
goup coincides with noon time (unch break?) at 600 ppm, while forthe main pan of ttre day
the concentration is about 150 pm higher. Removing the lunch pcriod still results in a skewed
distribution with both the lower and upper ends overrepresented compared to a gaussian.

Building CH-G
CO2 continuoulr measurements

Average
ppm

SD
ppm

Geomean
ppm

GSD Median
ppm

Max.
ppm

All data points,location 2 703 54 701 1.08 717 8t7
Reject l2:Wl3:30 (presumable lunch break)
Selected data I tzs I rg I nq I r.os I ta I srz

G

!'
# 0

-a
@v

{
,

0 20 40 60 80 100
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VOC: compound Concentration [ue/m3]
toluene
C5[I2O8 ester
aliphatic C7H16
Si-compound
m-xylene
acetone
n-heptane
aliphatic elH.l6
dichloro methane
2-methyl-pentane
o'xylene
trimethyl-benzene
p-xylene
methyl-cyclohexane
benzaldehvde

18

16

14
L2
11

8

6
5
5

5

4
4
3

3

3

The first five V@s found in this building are also cornmon in other Swiss buildings, except

the Si compound, found only in building G.

General Indooor Climate measurements

'0,1 m 0,6m l.,Lm OPer.

-r--\--j::i _--/-
25.0

o 2/t.5
o; v+.0
rt)

€ 23.s
rt)* 23.0
IDF 2z.s

22.0

t2 13 14

Time [hh]

09 L7L6151110

Continuous measurements Location Nr. 4

Airtemperature 0,1 m [oC]
Air temperature 0,6 m [oC]
Air temperature 1,1 m [oC]
Operative temperanre [oC]
Relative humidity [7o]
Carbon dioxide fppml

Start time
10:00
10:00
10:00
10:00
10:00
10:00

Stop time
16:36
l6:36
L6:36
16t36
l6:36
t6|36

p

22.9
24.C

24.4
23.:

29

702

o
0.4
0.2
o.2
0.2

C

54

Min
22.4
23.7
2,4.0

23.1
28

600

MCIr.

23.9
24.3

tu+.8

23.8

3C

81?

Figure 2: Ternperatwes in locaion 4 during the audit doy.
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Air velocity [m/sl at 0,1m 0,6m 1,lm

Location 1

[.ocation 2
I-ocation 3
Location 4
Location 5
flocation 5)

po
0.18 0.w
0.08 0.02
0.19 0.02
0.20 0.02
0.t2 0.02
0.15 0.42

po
0.15 0.02
0.11 0.02
0.t2 0.02
0.11 0.02
0.11 0.02
0.20 0.02

o
0.4
0.02
0.02
0.02
0.w
o.02

p
0.14
0.16
o.2t
0.14
0.11
o.t4

Average 0.15 0.02 0.13 0.02 0.15 0.02
Note the relatively high velocity at 1.1 m, expecially in location 3.

EURoPEANAUDm KoJEcT

In our cases, mean radiant temperafirrc was always calculated from air and operative
temperatures.

Relative Humidity 1.1m Supolv air Adi. room
Location I
Location 2
I-ocation 3

I-ocation 4
location 5
0-ocation 6)

33
30
31
37
33

3t

Average 33 3t
Outdoor air 62

The temperature is low, at the acceptability limit.

Air temperatures at 0,1m 0,6m 1,lm Suoolv air
Location I
Location 2
I-ocation 3
Location 4
Location 5
flncation 6)

23.A
22.3
22.0
22.9
2L.5

Averase 22.3
Outside air 11.5

Mean radiant temperature
At 1.1m Calculated

Operative temperature
Measured lCakutated

Location 1

Location 2
l.ocation 3

[-ocation 4
Location 5
flmation 5)

D.e
20.1

20.3
21.9
20.1

21.4
22.7
22.5
2t.t
21.8

Averase 20.6 2t.9

BLJILDING G,page 12
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960

r 940g
o 920

fi eoo

3 tso

3 s6o

E 84o
G,

800

091011L213141
Time

Figure 3: Watervopour pressweversus time &ring tlu audit day.

Noise level Davliehtine
TdB (A)I Lux ext Lux int DLF

Location 1

[-ocation 2
[-ocation 3
Location 4
l.ocation 5
(I-ocation 6)
Average
Outdoor

48
43
40
N
42
42
43
55

1100
900

1200
1100
tz0f,

1100

60
225
800
700
900

537

0.05
0.25
o.67
o.@
0.75

0.49

DLF= Day LightFactor

Yentilation measurements

Air flow rates in ventilation system [m3/h] Planned Measured t
Total airflow rate into building
Fresh air flow rate into building
Exhaust from building
Extracted to outdoor
Recirculated air flow rate
Recirculation rate
Estimated air change rate I lh]
Estimated fresh airoer Derson tV(s'pers.)I

35'100
35',100
30'000
30'000

0
0
0
t2

22'.3W
22'.3W
18'600
18'600

0

8

L'500
2'000
z',300
z',300
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Air flow rates in m3lh. Total is total air flow rate into monitored area

Pollution load

Mesure at location Nr 3 4 5 Total,I
Air flow rate from ventilation

uncertainty
Airflow rate frrom hall

uncertainty
Air flow rate from other space

uncertainty
krfiltration

uncertainff

300 170 300 250 260 1'30C
20 ?n 10 80 20 2U
90 80 60 200 160 600
20 20 20 2N N 300
1501600110
110150070
000000
11111s

Source intensity
olfactive load

from ventilation
uncertainty

Loadfrom smokers
uncertainty

from occupants

from other sources

2345
36 27 40 40
972010

30 10 30 30
10 10 20 20
7121010
s888
3334
1111
2223
1111

30 10 30 30
10 10 20 20

1

32
9

20
10
t2
9
3
1

2
1

10
10

orf
olf
olf
olf
olf
olf
otf
olf
otf

Total is total pollution load in monitored zone

Vleather conditions on audit day

Weather station
Date

Description

Pully
tiloz-g4

Overcast
9Veather data Average Marimum Minimum
Iemperature 060G.1200
Iemperature 120G'I800
Relative humidity 060G. 1200
Relative humidity 1200-1800
tVind speed 060G'1200

0.6
2.9

77

72
1.6

2.0
3.0
78
74

2.4

-0.(
2.C

7(
7C

0.9
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Energy consumption

Additional measurements

time
begin end

loru
office

+ ions
Mean Max. Min

- ions
Mean I\,Iax. Min

Location L @:28 10:31

t ocation 2 10:33 Ll:47

Location 3 11:54 13:35

Location 4 13:38 14:.46

Location 5 15:.47 16:36

(Location 6)

174 243
145 803

431 563

s2 434

46 166

15

50

0

49 226
41 83

tzt zffi
25 115

25 151

0

0

36

C

C

Average 170 4l 14 52 167 1

This building presents on average more positive ions than negative ones. Ion concentrations

vary very much with time.

Radon concentration is very low everywhere, even at air inlet" which is at ground level.

ffi .o-t997 1991 1990 1'989U

32',717',763 36',2m'.5ffi 331Cp?65 33',632',696 l"l03'.3l
18'345'096 1.5',979',!M 16717',212 l6'.2ffl'.lw 841

j1'062'859 sz'l13'clo 50'426'977 49'899'800 2'5M

1'200 1'200 1'200 1'200

763 820 802

437 380 398

@suhing fromtransformation of liters, kg, kwh, etc intoMl, are not

signifrcant.

20
25

20

I
5

6
40
15
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tAQ Stflfa Day 8:00-18:00
Mean Stdev. Min. MarL

Night 20:0G06:00
Mean Stdev. Min. I\,ICIL

Location d
[-ocation e

Location f

8.n 0.36 7.49 8.73
8.47 0.13 8.16 8.77

8.47 0.13 8.16 8.77

8.7t 0.28 8.07 8.8t
8.45 0.30 7.55 8.79

8.45 0.30 7.55 8.79
Average 8.41 0.21 7.94 8.76 8.38 0.30 7.72 8.82

EUR@EANAuryr KoIECT

l0

9

t
7

6
llLfd

30
25
20
l5
l0
5

o

l3-ftv

60
50
40
30
20
l0
0

l3-fcv ls-fet/ l6fev t7-fev l&fev lg-fev 2o-fan 2l-fett

The audit day, on February 16, looks like other weekdays. Febnrary 19 and 2O areweek-end

=o

C)
e-
g
d

&
oF

\c
c\

E
A

days.

8.80
8.50

t.lo
r.20

5 8.00

?,7.w'7.&
7.4
7.fr
7.@
6.t0

_teQrrl
-----*- t@Dcratltt

Elccfrmlc nce (Stlfe) mc.sunemcnt 15.2.19t 4
55

4sE
+o 'E

35S
ro 9a
zs E'=
zo -g

15Eo!0ts
00:05 02:36 05:06 07:36 10:06 t2:36 15:06 t7:36 2O:06

Obviously ventilation is swithched on at 4 AM and off at abut 7 pM
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BUILDING H

General information

Swrss NluoNar-REFoRr

t. B"mi"g identification' H
7. Ntrmber of floors

area of each floor (m2)

number of offices

ntmber of emPloYees

8

l'474

240

3. Situation Downtown.

4. Trafficwithin 200 m. Busy through road.

S. N"ar sources of Pollution Parking garage.

0

8. Year of building comPletion

Year of total renovation

YearwhenP'resel tuser
aafamd

L',973

l'973

l'973
O. e"tirities besides office work Only officework.

2

20

10. Position of solar stradinP

Solar shadings: movement

krside.

Individual.). No. of floors beneath ground

Roof tilt angle
12. Modification of?

Flooring

Insulation

Wall orceiling
lining

Iilindows
I

I Heating system
I

I Verrtitation system

1989

None

None

None

None
I

lNone

11. Numberof glazng

GlazngtYPe

DoublePane.

Ligtrt reflecting.

ff fr*itr.emade of

Age of furniture

V*"o"d chiPboard.

Mce than three Years.

tl.l-rg"green Plants

Plurts treatment

Green leafed Plants.

0

16. Office activities

solvents

other chemicals

copYingmachines

laser Printers

I nersonPerVDU

I carbonless Paperuse

ilo solvents

tlone

!{o.

No.

t-2

Yes.

15. Smoking \llowed in seParate rooms'

17. Cleaning frequencY

Tables

Walls

Wa*ringfloors

Vacuum cleaning

MopPing

SweePing

| *ott
I tr*t cleaning

I *tottt"Rooo

14 times a week.

-ess than once amonth.

Less than once a month-

Once aweek.

I-ess than once a month'

kss than once amonth'

Less than once a montb-

I-ess than once a Year.

3ontent pH
18. Detergent for cleaning sme/name

0

0

0

0

-cleaning age,nt linoleum

cleaning agetrt carPet

cleaning agenttables

cleaning agentsanitary

0

0

0

0

BUILDING H, Page 1
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Installation

l. Installation identification
z. Roorn heating

Location of heatins
Hot watr heating.
Fan coil units-

3. Room oooling Local fan coil units.

4. Temperature control

Nightsetback

Adjnstable therrnostat
on radiator or unit.
Yes.

S.Ventilation of rmms

Ifindovrc

lnductin units batanced
system.
Windows cannotbe
cpened.

6. Design outdoor air change
Lowest outdoor air supply

I to3perhour.
Vs'pers

7. Position air intake
height above ground
distance from

exhaust

Close to the grorurd.
0
yert. 10 hor.50

8. Equip,r:rent vent. system
Recirculation [7o]
Humidification systern
Tfater ourification

0

None.
Spray.

distance fronr
cooling towen

vert. hor.

C.ootingtype
Heat recovery

0
None.

9. Ventilation system on/off
Sensors for demand control
Operating at:

ftrll Performance

Automatically by a clc
No such control. I

From 
I06:00 I

ck.

to

18:00
dap perweek
5

redrced performance
stopped 18:00 06:00 5
l0Morqbctiation
Pardal recircrrlation 06:00 18:00 O.llVrret:rraut

U. IJuct material
Duct ftEulation

1. Sernice

Air intake filter
Recirculation duct filter
Central rurit filter

Galvanised steel.
External insulation.
Slass

3ul

iu7

Lastreplacement Needingservice
75-07-93 No.

0
l4-0G92 No.

Supplytilter
Industion / fan coil filter

Heating batteries
Cooling batteries
Heat exchanger
Humidifier
Ducts
Airoutlets inrooms i

Airinletinrooms I

I
I

I

Itast cleaning

l1-01-e4
l-01-94
t-07-94
r-01-94
l-01-94
30-4692
30-0G92

I
I

I

lN""aing service
No.
No.

No.

No.
No.

12.lncation air srpply inles
Location airoutlets

Designed ventilation principle

Atwindourcill.
Hish.

Mixing vortilation.

Recirculation occur only in th-e central part 9f the buildings, containing staircases, utility
r@ms. Office rooms_r-ecgive in principle only fresh air. Htwever, a f;s, grids of centaipart
are located in toe audited r@ms, inducing 15 % rrr,irc,;d.ation.

BUILDING H, page 2



Investigated rooms

Offices
Metal.

Polyrethane.
8

100
Enamel paint.

Acoustic Pafles.
50

Yes.
No.
No

all materials inside insulation

Insulation material
ickness of insulation [cm]

Felt carpet (needle) lToateaj
Wall covering / treatments

above acoustic tiles [cm]
Dust above acoustic Panes?
Acoustic baffles below ceiling?

other ceiling ty,pe?
Artificial and DaYlight.

Ceiling.
Fluorescent.

Manual.
of artificial lighting

Control of liehti
No.

Nodamp spots.
No

Visible mould growth inrooms
Damp spots

25
2.7
2

0.5
2

4.6
5

65
2.7
4
1

20
13.8

4
Window area [m2]

Nb. of laser Printers
of photocopiers
of VDUs

Acceptable access for cleaning?

Door to corridor oPen?

of VDU withreflection

Tlre 6 locations are separated by walls, but tlrere are permanent large openings between tlrese

locations. Tracer g., *a."*u*.t t have shown aYery strong interconnection between these

rooms.

SqrtSS NATIONAL RXPORT

BUILDING H, Page 3



EURoPEANAUDTT horEcr

Questionnaire

All the windows in this building are sealed. Therefore, there is a doubt concerning the 3
persons to open the windows.

Health

General Total/1.[r Mean Stder Percentage

Questioruraires distributed
Ouestionnaires returned

130

126 97%
Age
Number of female occupants
Number of male occupants
Time at desk before tilline questionnaire

126
u
62

116

38.74

2.67

11.7(

1.18

5t%
49Vo

Managerial work
Specialist skill
Clerical
Other

22

4

89

9

t8%
3%

7ZVo

7Vo

Time spent in the building [years]
Time spent in the room [years]
Hours per day at the desk
Paidhours perweek
llours at VDU perweek
Davs oer month in the buildins

125
723
L23
726
126
126

7.83

5.49
8.20

38.69
16.41
20.76

7.01

5.80
4.65
6.29

11,.82

3.90
Numberof people inthe room
Rooms withoutwindows
Rooms withwindows
Distancefrom thewindow
People opening the window
People not openine the window

122
7

116
109

3

111

3.)l

2.06

7.01

1.L7

6V.

94%

3%
97%

Health durine oast month Symptom present for Better away
Aruwers 1-5 Davs 610 Davs >10 darrc yes no

Dry eyes

Watering eyes
Strffiynose
Rrmny nose
Dry throat
Chest tightness
Flu-like symptorns
Dry skin
Rash or irritated skin
Headaches
l,r;tlwgy
)ther svmotcxns

126
125
125
tu
125
123
123
125
tu
123
121
105

27
2t
35
26
36
20
40
18
15

55
il
11

19
6

25
13
25
10
9
15
4
15

?t
6

11

1

t6
8

15

5
9
15

9
7
13

4

42
t9
il
36
67

32
38
31
13
59
66
13

77
15
15
17
t2
7
t9
2,
27
18

74
8

Season whenworst
(numbers of answers)

Part of the day when worst
(numbers of ansmrers)

Sorins Summer Autrmn Winter Anv
83 5 3 2t 53

Mornine Afternoon Evenins Anv
85 15 27 72 37

BIIILDING H,page 4



4.49 0

4.61 1

3.98 0

4.05 1.77

3.74 0.

4.26 1

14
5

t9
7

19

6
14
,)
11

7
t6
3

0
0
0
I
1

0
0
0
0
I
0
0

3
1i

3
1

I
I
1

2
2
1

L22
121
12L
121
tu
123
722
122
123
124
123
101

47
18

55
20
24
41
21

Flu-like symptonr

or irritated skin

Flequency of building related symptoms

Onfy symitoms which disappear out of building aretaken into account in this table. For each

ryrnpto*, tfr" frequency is i}ig ratio of the number of person presenting the symptom to the

total number of answers..

SunssNruoNALREFoRT

Average air humidity on the audit day was 42V0. This may explain the symptoms related to

dryness.

t tightness 74Vo 1
aaat - a

like symptoms 3lVo

skin 25Vo

or irritated skin 97g 1

ffi.-F----ffi--qffi ?

lZVo 1

BUILDING H, page 5



EunopreNAuon Pnorcr

Environmental conditions

Environmental conditions oast month TotaINr Mean Stdev
kvel of thermal comfort
Indoor air acceptability
Comfort temperatre
Temperature variation
Airmovement
Airhumidity
Air stuffiness
Air odor
Lighting
Noise

101

122
120
116
115
717
118
tzL
720
120

0.32
1.30
4.21
s.30
3.88
2.56
3.86
2.88
3-22
2.71

2.03
2.75
1.78
7.49
1.66
1.40
1.81
1.77
2.18
2.15

kvel of thermal comfort are on a -3 to+3 scale, Indoor air acceptability is on a -5 to+5
scale, while other votes are on a 1 to 7 scale.

Environmental conditions now TotaINr Mean Stdev
lkvel of thermal comfort
llndoor air acceptability
Comfort temperafirre
Airmovement
Airhumidity
Air stuffiness
Air odor
Lieht brightrcss
Lightflickering
Glare
Light uneven
Lighting satisfactory
Noise from ventilation
Othernoise
Noise satisfactorv

722
722
123
179
121
L22
122
118
121
720
121.

119
720
722
121

-0.09
1.72
3.22
3.61
2.U
3.28
2.47
4.14
2.01
3.M
4.04
3.M
2.U
2.92
2.85

1.52
2.U
1.83
1..47

1.32
1.72
t.74
1.28
1.il
2.14
1.51
2.75
1.54
1.91
1.92

As sown on trext table, most conditions are found acceptable or good, o(cept indoor air,
temperafirre variations, air moisture, odours and glare.
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Criterion
Past month

rrl a
Now

u,l o Conclrrsicrns

Ihermal Comfort
Iermperature
fermperature variations
tAQ accaptability
Air movement
Airhumidity
Air stuffiness
Air odor
Light brighhess
Light flickering
Glare
Light uneven
Lighting satisfactory
Noise from ventilation
Cthernoise
Noise satisfactorv

0.3
4.2
5.3
1.3
5.3
3.9
2.6
3.9

3.2

2.7

2.0
1.8
1.5
2.8
1.5
L.7
1.4
1.8

2.2

2.7

-0.1
3.2

1.7
3.6
2.6
3.3
2.5
4.L
2.0
3.0
4.0
3.0
2.6
2.9
2.9

1..5

1.8

2.6
1.5
1.3
1.7
1.7
1.3
1.5
2.1
1.5
2.t
1.5
L.9
1.9

Comfortable
Acceptable
Variable
Unacceptable
Nice
Dry
Acceptable
Faint smell
Fine
Very stable
Faint glare
Nice
Good
No noise
No noise
Good

Surxss NlrroxAlRrponr

Environmental conditions: evaluation

Health and direct environment

Estimation of occupant's influence on indoor conditions
p is the average vote on a 1 (no influence, unsatisfactory) to 7 (total influence, satisfactory)
scale. ais the standard deviation of the votes within the population.

Influence on p a Conclusions
-temperafire
-ventilation
-liehting

Cleanliness

1.1

1,.t

2.9

4.t

1,.2

1.1

2.0
t.9

No influence
No influence
Weak influence
Just acceotable

With reason, occupants estimate that they have no influence on their environment.

Total/l',{r Nb yes Percent

I have smoking neighbors

t bring comments on my environment

thad ashmaticproblems
I have suffered from eczema

lhave suffered with hay fever
Do you smoke?

Do you smoke iil this room?

Did you ever smoke?

724 65 52%b

ll7 31 26Vo

120 74 t2Vo

123 23 l97o

l2l 31 26Vo

123 4 36Vo

92 33 36Vo

102 45 44Vo

BUILDING H,page7
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Building symptom indices

Correction factors are based on female clerical.

Serrsory measuremenB

Uncorrected BSIs
Numbet

Past month

Shonlist Fulllisl
Today

Short list Full lisl

Women All women

Managers

Specialiss
Clerical
Others

63

3

0

53

2.7

2.7

0.0

2.6

3.0

3.8

3.3

0.0

3.8

4.0

1.8 2.5

1.7 2.3

0.0 0.0

1.7 2.5

2.0 2.7

Men All men

Managers

Specialists

Cterical
Others

60

t9
4

35

2

2.2 3.2

2.3 3.4

1.3 1.8

2.1 2.9

4.0 7.0

1.4

1.1

0.5

1.6

2.5

1.8

L.4

0.8

2.C

4.Q

Global buildine grmPtom indices Number Value

Last month, short list BSI fs

Last month, full list BSI ff
Last month, short list, corrected BSI fsc

Last month, full list, corrected BSI ffc

L23

123

r23
r23

2.43

3.4
3.79

6.04

Ioday, shonlist BSI ss

Ioday, fulI[st BSI sf

Ioday, slrort list, corrected BSI ssc

Ioday, full list, corrected BSI sfc

L23

t23
L23

t23

1.57

2.L6

2.39

3.32

Sensor:F evaluation Offices Supply air Adiacent I Adiacent 2

Perceived air quality

l-ocation 1

Locanon.2
[-ocation 3
[ocation 4
I.ocation 5
(Location 6)

lro
3.7 1.3

3.6 1.3

4.8 1.6

5.6 2.6

3.6 1.4

Ito
3.0 2.c

3.0 2.(
3.0 2.C

3.0 2.C

3.0 2.(
3.7 1.9 2.2 t.t

Average 4.3 L.e 3.0 2.c 3.7 1.9 2.2 L.t

Outdoor air 1.1 0.8

Location 4 contains smokers. Adjacent room 1 is certral part of building, with recirculation.
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General Indoor Air Quality Measurements

Chemical analysis of air Offices SuppIl alr Adjacenl 1 Adjacenl 2

Carbon dioxide hP-l
[.ocation 1

LocationZ
l-ocation 3

Incanor^ 4
Location 5

fi-ocation 6)

680

680

730

710
700

770

o
54.4

54.4

58.4

s6.8
56

67.6

380

380

380

380

380

o

30.4

30.4

30.4

30.4

30.4

p o p o

Average 712 s6.9 380 30.4 700 56

Outdoor air 392 31.3
6

Carbon monoxide [PPml p o It o P o F o

l-ocation 1

Locatiot2
[-ocation 3

I-ocation 4
l,ocation 5

(I-ocation 6)

<1

<1

<1

<1

<L

<1

Average <1.

Cutdoor air

Particulate matter [mg/m3l p o F o p o p a

l-ocation 1

I,ocanoll^Z
l-ocation 3
Location 4
I-ocation 5

0.ocation 6)

0.1

0.01

0.08

0.06

0.13

0.02

0.02

0.02

0.02

0.02

0.04 0.02

Average 0.07( 0.02 0.04 c.02

)utdoor air

fVOC[mg/m3l Toluene equiv p l, F tr o

[-ocation 1
Lcr;atiorl-Z
[.ocation 3
[-ocation 4
I-ocation 5
(I-ocation 6)

1.09

1.80

0.72
0.52

0.48

0.05
0.05
0.05

0.05

0.05

0.82 0.05

0.39 0.0r

Average 0.92 0.05 0.82 0.05 0.39 0.0r

Outdoor air 0.34 0.05

Smss Natoxlr,REPoRT
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EURoPEANAUDTT horEcr

750

Time

Figure H|: CO, concentration versus time. Monting coffee break and lunch time result in
clear decreases of concentratiort

E ?ooaa

E 6s0

GIE 600
o)o

5 5so
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E soo

3.0

2.O

1.0

? o.o

-1.0

-zo

-3.0

A
-rd

@Eq

ffi
v

3.0

2.O

1.0

? o.o

-1.0
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-3.0
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cumul %

0?o406080100
cumul%

Figure H2: Cumulatedfuquencies of Cd concentrations. Lefi: alt valaes. Right: selected
values.

A very slight decreasing trend can be noticed, f.o. 750 ppm in tlre morning to about 700
ppm in tlre late afternoon. A considerable decrease @curs at noon time, with the
concentration dropping by abort 300 ppm in t hour, to to rise aganto the usual value in 1.5
hour afterwards. Rejecting this episode causes the mean to rise by about SVo, with the
remaining data adequately represented by a normal distribution.

Building CH-H
Carbon dioxide cotrt. meas.

Average
oom

SD
DDrn

Geomean
1}T)m

GSD Median
oDm

Max.
oom

A1l data points.location 3 665 55 662 1.09 680 746.0
Reject 12:06-14:00 fiunch break, subsequent return
Selecteddata I ogl

o normal)%l 6s2 lr.orl osa lzrc.o

A

,g#
@

{
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The presence of n-hexane in large quantities is not explained. It is a general Pu{pose solvent'

General Indooor Climate measurements

VOC: compounds in locadqq I
20L
49
39
32
31
28
27
26
25
2L
L5

L2
12
11
11

2L.
22.
23.
22.

4
7t

Stop time
16:18
16:18
16:18
16:18
16:18
16:18

Start time
09:00
09:00
09:00
09:00
09:00
09:00

Airtemperature 0,1 m ["C]
irtemperature 0,6 m ["C]
irtemperature 1,1 m ["C]

ve temperattrre ["C]
Relative tu;mnidrtyl%oj

'0,1m 0,6m 1,Lm-OPer'
214.5

24.0

g B-s
g 23.0

€ zzs
?> zzs
tr
-b zt.sF

2r.0

20.5

09 10 11 L2 13 14

Time [h]

Figure H3: Temperatures during the audit day'

15 16
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Airvdocitv [m/sl at 0,1m 0,6m 1..1m

I"ocation I
I-ooation2
I-ocation 3
l.ocation 4
[.ocation 5
(Location 6)

po
0.12 0.02
0.72 0.02
0.14 0.02
0.05 0.02
0.09 0.02
0.06 0.02

po
0.13 0.02
0.12 0.02
0.13 0.02
0.08 0.02
0.06 0.02
0.07 0.02

po
0.74 0.02
0.13 0.02
0.14 0.02
0.07 0.02
0.07 0.02
0.11 0.02

Average 0.09 0.02 0.10 a.02 0.11 0.02

EunorBexAuorr korecr

In our cases, mean radiant temperatfe was always calculated from air and operative
temperatures.

Relative Humiditv 1.1m Supolvair Adi. room
l.ocation 1

I-cr;ation2
[ocation 3
[.ocation 4
Location 5
fi.ocation 6)

46
43
43
4t
42
39

Average 42
Outdoor air 75

Air temperatures at 0,1m 0,6m 1,1m Suoolv air
Location 1

Lcr;anon2
Location 3
I-cr;anon 4
Location 5
fi-ocation 5)

22.9
23.1
23.2
23.1
22.9
22.4

Averaee 22.9

Cutside air

Mean radiant temperature
At 1,1 m Calculated

Openative temperature
Measured lCatcrt"t"a

Location 1

I-cr;afton2
Location 3

Lcr;ation 4
Location 5
ficaticrn 6)

19.9
20.7
2r.3
20.2
20.2
77.3

2L.5
22.0
22.3
21.7
27.6
20.0

Average 19.9 2L.5
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1'600

1'500

1400

1'300

L'200

1',100

1'000

10:00 12200 14:00 16:00 18:00

Time

Figure H4: Water vapour pressure vemts time durhg the audit day. Cycles may be caused by

air moisture control.

Noise tdB (A)l Office Adiacent Lux

Location 1

Locatton2
Location 3
Location 4
I-ocation 5
fincation 6)

45
42
45
40
35

40

230
480
220
3s0

80
600

Average 4L 40 326

Outdoornoise 63

GI

e1
o)

EA
ar2
d)
g

oa
c,

o)
6l
F
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Ventilation measurements

Pollution load

\ileather conditions on audit day

Air flow rates in ventilation
xnstem [m'/hl

Planned Measured +

Total airflow rate into building
Ffesh air flow rate into building
Exhaustfrom building
E>rtmctedto outdoor
Recirculated air flow rate
Recirculation rate
Estimated air change rate
Estimated fresh air per persor

67'.400

58',100
0
0

9'300
l4Vo
1.9
67

40'000
38'500
1.2'000
11'000
1'500
4Vo

1.3
45

z'.000

2'000
1'000
1'000
1'000
3Vo

m3/h

mslh

lh
Us'oerson

flowrates in measured noom Total t [m'/lr]
flow rate from ventilation
flow rate from hall
flow rate from other space

2'400
30

0
0Infiltration

So'urce intensitv I
Total olfactive load
Olfactive load
Load from ventilation
Ioadfrom smokers
l.oadfrom occupants
Loadfrom other sources

fia
100
720

I
4
0

7A

00

90

9

4
00

1

1

oU

oll
ol1

oll
oll
oll

Carbon dioxide
corresoondins to

72Q

4A

80 w
persol

Weatherstation
Date

Description

LESO
7-03-94
Rainy

Weatlrer data Average Maximum Minimum
Temperafire 0600-1200

Iemperature 1200-1800

Relative humidity 0600- 1 200

Relative humidity 1200-1800

Wind speed 0600-1200

7.6
8.9

94
86

0.1

8.2

9.8

94
92

0.3

7.1

8.2

93
82

-0.1
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Note that most digits, resulting from transformation of liters, kg, kWh, erc into MI, are not

significant.

Energr consumption

Annual energy uss [Ivil] in 1993 L',992 1'991 1'990 Uncertaintl

Electricity
District heat

l'362'.73t
10'036'40(

70'00(
500'00(

Iotal 11'399',13[ 570'00(

Energyindex lMJlm"l
Ileating degree days

Pourer index [Wm?K]
Ileating index

Electic index

1'01(

3'10(
3.9

879

121

10(

30(

0.5

9(

1(
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IAQ Stdfa Day 8:00-18:00
Mean Stdev. Min. Max.

Night 20:00-06:00
Mean Stdev. Mh. Mar.

l.ocation e

location f
[-ocation d

7.3s 0.13 7.12 7.52

7.22 0.74 7.03 7.47

7.68 0.13 7.48 7.88

7.07 0.18 6.91 7.43

6.98 0.L4 6.U 7.26

7.29 0.19 7.71 7.70

Average 7.42 0.14 7.21 7.6C 7.tr 0.17 6.95 7.4C

EunoprrutAuorr korrcr

Additional measurements

8

-ol
s

60

ss0
=40€30'e 

20

Elo
0

29-fe,r 2-mar

The audit day, March lst, is a normal heatingday.

7.50
7-10
7.30
7.20

5 7.ro

1l9
- 6.90

6.r0
670
6.60
6.50

Electronic nose (Stifa) Ee$urement 1.3.1994

qIfl)

oo
0,

d
o
o.a
o
F

30 -r
zsI
zol
rst
ro*
sJo]-
29-fev

55

50

15

&
35

30

25

fr
l5
lo
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