
Environment International, Vol. 13, pp, 339--349, 1987 
Printed in the USA. All rights reserved . 

0160-4120/87 $3.00 + .00 
Copyright Cl 1987 Perpmon Journals Ltd 

THE "SICK" BUILDING SYNDROME IN THE 
OFFICE ENVIRONMENT: 
THE DANISH TOWN HALL STUDY 

Peder Skov,a O!e Valbjtz>rn,b and 1;>1$Gc 
Clinic of Occupq\ic;inal Medicine, Rig~hospitalet, Tagensve; 20, 2200 Copenhag@n N, Denmark 

(Recf} /l'ed JI Octobtrr /'186,• A cceplf!d 3 June /987) 

Mea11urome1n1 of the indoor clhnate were perfonmid in 14 town halls in Greater Cope1>hagen, Den­
m11rk. \OIJOther wlJh a queatjonnpire st1uly itnd a cH 11i~al stu<Jy of 4369 employees in 111,e Jown ha lls and 
14 affili!'IOd buildin1J$. The re turn rate for the que1tifl1maire study was J0% and the partici~i.on r~ 
for the cllnl~I •tisdY Tl%. 

Thill man)" lndcior clt111,.te f11oiors determined reaulted in values mainly Pl the t.ovel.& normalJy consid· 
tired l\ccop\4hlo 9r In vplue1 In accordam;e with Jevels previously reppried . 

Tht p ... vahinco <>f wi:irk· related muQpsal irritation and of work.related genell!J 1~mP'Ont.$ in lbe 
emp!O)'HI diffoi,id hlahl.y between tho Individual town halls. The lowes1 prevalencos of symptpll)6 
were found for the oldest town hall». whereas there were no statistieally 1i1njftcant ditference between 
nQ-urally and mechani~a!ly ventilated bµildings. 
T~ preliminary ~nl\lyses showed th!lt sex, job category, photoprinting, workjng with video displar 

tennin•ls, and tianl!llnlJ ~rbonless paper correlaltd significantly with the presence of work~relakd 
muoo&l\I irritation an~ eeneral symptoms. 

Introduction 

Durina the last 10-lS years international studies have 
reported ari increasing number of complaints about dis­
comfort and health effects in relation to staying in resi­
dences and non-industrial workplaces. The increase in 
flUmber of complaints synchronizes with the energy­
efficient procedures in the form of tightening of build­
ings and reduction of the ventilation; and with the in­
creasing industrialization of the building trade, involv­
ing the use of new building materials. The extent of 
complaints and their international occurrence have re­
sulted in WHO (WHO, 1983) having defined the con­
cept of the "sick" building syndrome, characterized 
by persons staying in the building having an extra fre­
quency of a number of irritative symptoms from the 
eyes, nose, throat and lower airways, skin reactions, 

• 1 Reprint requests to: Peder Skov, Clinic of Occupational Medicine, 
Rigshospitalet, Tagensvej 20,' 2200 Copenhagen N, Denmark. 

"Clinic of Occupational Medicine, Rigshospitalet, University of 
Copenhagen, Denmark. 

bDanish Building Research Institute, H~rsholm, Denmark. 
<The Danish Indoor Climate Study Group: S. Gravesen, Aller­

gologic Laboratory, E. Christophersen, J . Kristensen, 0. Nielsen, 
P. A. Nielsen, E. S. Olsen and 0. Valbj0m, Danish Building Re­
search Institute, V. Clausen, Danish Illuminating Engineering Lab­
oratory, L. M~lhave , Institute of Hygiene Aarhus, 0. Albrechtsen 
and P. 0 . Fanger, Laboratory of Heating and Air-conditioning, 
Technical University of Denmark, N. Jonassen, Laboratory of 
Technical Physics, Technical University of Denmark, I. Andersen, 
N. O. Breum, C. Fnmck, P. Laursen, P·A. Lund, T. Schneider and 
P. Wolkoff, National Institute of Occupational Health, F. Gyntel­
berg and P. Skov, Clinic of Occupational Medicine, Rigshospitalet. 
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unspecific hypersensitivity r~actions, mental fatigue, 
headache, nausea or dizziness .• 

Various exposures have been related to the "sick" 
building syndrome. They include chemical (M0lhave 
et al., 1984 a + b). physical (Alsbirk et al., 1983), 
biological (Nex0 et al., 1985), .and psychosocial (Colli­
gan, 1981) conditions. 

A few epidemiologic studies report that the preva­
lence of the "sick" building syndrome is high in in­
stitutions for the children (Rind el et al., 1985) and in 
offices (Valbj0m and KousgArd, 1986; Turiel et al., 
1983; Finnegan et al., 1984). and that it differs signifi­
cantly from one building to another without this being 
directly explainable by the results from determination 
of a number of indoor pollution components (Turiel et 
al., 1983; Robertson et al., 1985). 

In these studies, the attention especially focussed on 
mechanically ventilated buildings in contrast to nat­
urally ventilated ones, but indoor climate variables 
were determined in only one building of either type, 
and, consequently, the authors had no possibility of 
evaluating other building characteristics which a priori 
could be assumed to correlate with both the preva­
lence of the "sick" building syndrome and with the 
ventilation of the building, for instance the age of the 
building. Furthermore, no analysis was made on the 
influence on the prevalence of other factors such as 
photoprinting, working with video display terminals, 
psychosocial conditions, and lifestyle. 

This paper presents design and methods, together 
with the first descriptive results from a cross-sectional 
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Table I. Participants by sex, age, years of office work,' and 
job category. 

"' the data collection period, and 3 did not want to par­
ticipate. The town hall in .. each municipality was 
selected as study building. In 2 municipalities, 2 build­

-- ings were considered to be of equal status, though 
structurally different, and therefore both buildings 
were included in the one case (No. 120 and 121), but 

. only the newest in the other (No. 60), since a major 
Age in Years 

Less than 20 
20-29 
30- 39 
40-49 
50- 59 
60- 69 

Total 

Years of Office Work 

0-9 
IO- 19 
20- 29 
30 or more 

Total 

Job Category 

Mayor, director, head 
of a department 
Principal 
Clerk 
Social worker 
Technical assistant 
Engineer/architect 
Other 

Total 

8 
197 
309 
267 • 
213 
I IS . ~ 

1109 

30$) 
324· 
234 
238 

1102 

85 ' 
171 
532 
?4 ' 
25 I I 

187 
82 

1106 

0.7 
17.8 
27.9 
24.l 
19.2 
10.4 

100 

27.8 
29.4 
21.2 
21.6 

100 

7 . .7 
15 '. 5 
48.l 

2.2 
2:3 

16.9 
7.4 

100 

34 
462 
735 
610 
395 
110 

2346 

692 
755 
585 
266 

' 2298 

6 
25 

1863 
159 

' 47 
19 

219 

2338 

1.4 
19.7 
31.3 
26.0 
16.8 
4.7 

100 

JO. I 
32.9 
25.5 
11.6 

100 

· reconstruction was to take place in the older building 
(No. 61) during the study period, which might affect 
the results. 

In addition to these 14 study buildings(. where both 
determinations of the indoor climate;, were performed 
and the employees were examined. clinically and by 
Qse of a questionnaire, the materiai'JrtcJ~des 13 other 
independent buildings affiliated to the;tqwn halls. For 
these buildings and the building No. ·61, certain data 
were obtained, such as age of the building, building 
materials, heating and ventilation conpiti.ons, number 
of employees, and floorage, and the ·employees were 
included in the questionnaire study and the clinical 
:study. 

The age of the 14 town hall buildings· ranged from 1 
-to 80 years, -· mean 18 years: : Five buildings were 

. siluated in rural, 4 io urban, and 5_i~ residential areas. 
· .Sixr , buildings had n.atural ventilation ; a.,nd 8 had me­

chanical ventilation. Of these 8, 5 had ·outside air in­
take, 3 only air exhaust. Ofthe 5 buildings with air 
intake, 2 systems provided recirbulation and 2 had 
humidifiers, of which, however, ottly one was used . 

0.3 .,. Study population 
1.-1 The study population included 4,369 employeesidis- I :Ji 

79'.7 tributed in the 14 :;tudy buildings, the 1'41 additional ~d -:2 
6

:
8 

·. · buildirtgs, and various· smaller buildings and rdoms. ' lin :; 
2

·
0 

,.,_ (with 4i employees only). Among these persons 3;507.T:> 11 . Q8 . . 
9.4 ,. (2,347 women, l, 115 men, and 45 for whbm sex~ was l. li": 

100' 
not stated) participated in the questionnaire study~L ..>·1: ' 

3,359 in the clinicaistudy, 3,109 in both, 398 onl:Y 'in:b." j 

-- the questionnaire and 250 only' in the clinical study , '-'~P '> 

- yieldin$ a totaJ of ·3,757 participants. Tile numbers of ' . 
study of empl~yees in Greater C~p_enhagen town halls, employees in the 14 study buildings ranged from 84 tol ;c · 
with the purpose of examining the influence of various 419 (mea,n 251). In the additional 14 buildings the num-· ·· 
environmental factors on the prevalence of symptoms bers ranged from 15 to 238 (mean 58). The distribution ~u . · 
connected to the "sick" building syndrome. by age, years of office work , and job category of ttie• lr \(, t· 

The study includes a large population many differ- . particip1ants in' the questionnaire study is given in , t:· 
ent buildings, and many indoor climate factor , and an'." .. Table ·1. The return percentage in the questionnai.Fe '' .,. 
elaborate 1-year follO"V up study of four of the town, . . ~ study varied between 61% and 93% (mean 80%) int~~ ;~:; ' '. 
halls. ' _ ''town hall buildings, and between 57% and 100% (mean ' 1: : 

Material and Methods 
·~ . 

The buildings 

·' 79%) in tfle other 14 buildings. The reasons stated for">::'.JI~ 
non-participation in the study were : sick loave,1·.;J1n , 

maternity leave , v,acation and in at least ~0% of the ~ ,~:; 1 · 
cases lack of want to participate . All who d.id not wanv '.I i 

We made. app~c~tions for participation in ~e study . to parti. ipa'fe v.'._hen first asked , we.re requested againv:t\~ 
to the muntc1palit1es of Copenb_agen, Fredenksberg, · · over the te ephdlie urlies's they were absent for some ofF". '{<. 
and the Copenhagen Amt (col!nty) , a total of 20 . _:.: the abo~e-mentio~ed reasons or'pre'1ibusly clearly had · / 
municipalities. Thirteen of them en~ere~ the stu.?y, 3' -'· ·expres e·d their desire of non:participation . . · ,,- '• ~ !:: 
being excluded because comprehensive md or climate ·~ •r Jr _ • • • ,. •• . f:fw i1 

studies recently had been carried out or were in prog~:.! 1Questionnaite study :· . ., ,.,j ~ ii::~; , , , r -, _ .. .;:.i,: .. 'j.; 
ress, one answered too late for it to be entered during•.• The questio,nnaire included;que~t~ons on the wor.~,. ', ,r Ji 

. 
' 
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Table 2. Prevalence of work related symj)toms. 

, ~; ·r .. 

., 

·:) , ··; -. 
I : . 

' /, ) v 
.,,.., 

Eye irritation 
Nasal irritation 

, :.n, 

Blocked, runny nose 
Throat irritation 

·i 

· ' Stire throat ~ l ·;: 
[l.f.y sk11)!•· -.,. ~ 1 ;o' -.; 

R¥,~ ::i :J'·· . . Pl i 'Y ·j '}"'' ' I 

(N = 

n 

88 
132 
51 

120 
21 
39 
13 

142 

Men 
1093-1115~ 1n ' (N = 

., I· % n 

8.0 347 
12.0 463 
4.7 193 

" 10.9 ~14 . 
" 1.9 57 

.3.6 172 
L "L2 27 
.:'.-113.o ;.520 
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1t •• ~ 

Women 
1lf!J." 

228(}...2345) 

I - -
% 

15. la 
20.oa 
8.3a 

17.9" J 
i", . 2.5 

" 7.5" 
1. i.:: 1.61'<: 
:. \·; 22.94- (':· l:fel!,d.~ll~ • . '.. . ; : · .

0 

Faligue "' · · · - z35':JW; : '20.9 ~- 171'4 ~ [) I 3o.sa ! \C;'1 -
')~' ' ! r· ·Malai~e'. ~ I 54 . l'.:lf. ~ ; 4.9 ·· --211 -- ----- --· n--

J · : ' 1 Irritability ., t; 59 -. ).4 155- !: •' 6.3~ ' . !J;iJt,. ~ 

.\! n: _di .F , , ~1 ;:Lack of concentration ... ··: 

· · ~,,.I· -·!r· !<Symptom groups : bri 

iL~ :iinif :;. '.);. I.1%.tion of 

!?, 41 [l 

~ ~:in 

.. ~ ~-, ... 

r .. P ·-nl9 · - --- 4.7 

.:-15H:rn 

' ; {)') i\.1 --ii)'t, 

l.JIJ [ :. "i 
the mucous membranesb 

CT. . i ' '=. · Skin reactions< :[ , 
226 
47 

290 

'{ b, 20.3 I 
4.2 

JI ~7~ ~. \'.: 32.3" 
(J --0 

,19'3 8.~· 

:1 i> ' " General symptom&~. 
Irritab~~ity• i .. , 

r . 
:n 88 .,;· · 

·. iiT 
') 

) 

') ~ 

26.1 ;954 
: '7.9 :221 . i 

L.bffierenee bCtween ineri -and women statistical~~gnificant (x2-test, p:_ ;_ O.OS) .• ~-
"Irritation of'the·eye, nose or :· throat. : : sr .. _ --- ·-· 
•Jlcy 6,kin o.r. r11sh. ;;;I ·· , 
daeadache ,, f~tigue or malaise . . ~ 
3lrritab.iiity or ·lack of concentration.

1
· '· .• .'/ i"" HJ 

40.9" 
~J 

9.5 

·!J~I 
l '. \ \ 1\ 7. 

its type,0 preyious and present ;di$~ases , pre~~nce of · ' The possible_,categori~s of answers to the question . 
symptoffi§Jrom lJJ.UCous membranes pres~nce· of gen- .. apout ~ork-re[ated complaints were: "Never or sel- ·~ .. 
eral syrq(ltOm$, and the frequency and ~1me variatio~~ · ' .;1.;d_pm,"/'Sometimes" ~d ' ',Oft~n ." The prevalenc~ of 
of sucfl,sy~ptoms. F\lrthermore, questions about var- work-related complamts mcludes onJy complarnts 
ious ;- oU:lc;r_ .. ._ symptoms, _work-related complajnts stated r>'Often." 
(drau~~t.: 1 Jo\\'.; temperature etc.), family and housing "·' 

•L 
conditions, e~rcis~. pabit~, and consumption of bev- i;able 3. Prevalence -.of work-related complaints during the winter. 
erage and 1t9bacco .were included. . ,. .. 

~ 

Men 

i? (N = 1100) 
• -J I nn; " 
Ii-

iJ1 I n 

;!·"" 
% 

: ~. 

The possible categories of answers to tlie q1.1esti~ns 
about,j nclividual syniptoms were: .' 'f'!'o, ' ' Yes, so~e 
times "- ye?-£," ; , Yes, some time·s ~ monffi'," " Yes, \.-' 
some;tirn.e,s a week," and "Ye~1 daily ." yte also 1a$J(ea ~ , , 
aboutayaijation~ inr.;the intensity Rf symptp~s e~P..!OY-1 .. i~ l 

ing th~ folJowing categorie(S o __ f .answers: ,
1
'
1

'.
1
Y es, 'it ~m- . Draught tt , . 199 18.1 

r C D ht 1 th fl 14'" • 13.2 proves,fl,t work," '.' Yes, it imeroves on days off/during ".- raug .a ong e o~r " 

k d · ,--; " N · . l h ::.11 .::Js<r:'hange m temperature ~ 283 t. 25.7 
wee -.en s 011 :. vacatmn ..;. , o, 1t ,.1s_ 3:.ways t e .1., ·~igh temperature' 193 17.5 
same,'1' a.nd " Don' t kn0w." The worjc-related pre,v:a- u Low temperature 160 14.5 

lenc~of symptoms -includes only symptoms "'f~e.re t~~ , .'.'',$rnffy air 264 24.0 
statemeq,'s were " Yes , some times a week," or. '~Y«S , Odour 70 6.4 
daily" 1,together ; W~th " Ye~,. it i°'prQv.es p r(-:-tays Dry air . 326 29.6 

Women 
(N= 2328) 

n 

823 
847 
854 
437 
544 
944 
268 

1220 
643 

!. 

J;. % 

35.4a 
36.48 

36.7• 
18.8 
23.48 

40.58 

11.5• 
52.48 

27.6° 
ff/d · ..,. d · •• •-io?,. • ...i • 'J l · Dusty air 181 16.5 

o uqpg :Wit!C!p.-e,n s or y~cw.~on$:' 1J r fi>eS~~ys S1f1.ig e , Noise in the office 167 15.2 579 
symptq~s .. ~~ emplo¥ed giyup~·: :·ofn · ""IP.Fk.feJ~i~d · Noise from other.office;s ···qr9! • ·~ 8.3 277 11.9" 

24.9° 

symP.f:~ms: "i~tationJRf ~~ . .Il}~~'-4~!.!lrlA~~tJWe~., <> ;1~e., / Noise from outsidt:.'J ~' -, ..... - 8 J • n , . 7 .~ ,... ~~~". '1 :; : 8.0 

one O¥- se_'{~ral:,SYQ1PJRIY~of imtation,;ot the ijiuc9P.~ . l oor tig~1ing , ; 1~~~ . 
1 
~:( ~' ~ ·:· · 16.2• "' 1. 

membrane of tl}cr- ey.~ ~ · i ~os.e pr throat; " skia r~ac- ·· · T'ob~c<t.> _sm?ke t-
25

-i.:" "' 
11

.
4 

-11·; 3
--
6
r
3 

, 
1
15
9_.·

6
2

: :.f', 
. ,. . . · • · T ' · " · ·~m •·. ·<11 ; 'Static electncity tions, t.e. , dry skm or rash; "general symptoms," . .. . .., 

Le., headache, abnormal fatigue or malaise-; "·ifritabil•l "Differen1::e between men and w.omen statisti<!~h'.. significant (x2-

ity," Le::'irritability ~Hd: 18feR of corn'.:entrat~iQ.;_ A J test, p~~ 0.05). 1 , _ w ; , c. ! : .• :r, ~. 

- 01 
. o~ 

iF 

O< 
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Table 4. Prevalence of work-related symptom groups (%) in each building. 

The 14 Town Halls (Building No.) The 14 Additional Buildings (Building No.) 

10 20 30 40 50 60 ·70 80 90 100 110 120 121 130 31 41 61 62 63 64 65 91 IOI 102 103 131 132 133 

Return Rate 81 80 80 79 93 81 82 67 90 61 78 78 80 76 67 79 74 83 86 JOO 93 93 68 67 57 83 76 100 
% 

N = Women 223 76 53 53 313 99 196 172 119 43 138 tn IOI 94 5 25 132 14 38 13 20 27 II 10 19 100 14 22 
Men 113 30 21 13 113 30 87 105 37 28 76 115 81 70 5 s 45 2~ 34 3 5 II 6 20 5 18 5 I 

· Percentage 

Irritation of the Women 20 25 26 32 35 40 42 26 38 37 38 
Mucous Men 13 20 43 31 20 20 2~ 14 II 18 25 
Membranes 

Skin Reactions Women 7 5 8 9 6 10 to 8 7 12 8 
Men 4 3 5 0 2 7 6 4 3 7 9 

General Women 34 32 35 38 38 44 50 33 40 54 47 
Symptoms Men 23 27 29 15 25 27 32 2\) 35 32 30 

Irritability Women 8 9 II 4 5 8 II 8 19 7 12 
Men 4 17 to 8 5 7 12 8 14 18 5 

The questionnaires were distributed in the town 
halls together with a written infortnation about the 
study, stressing the importance of the answering being 
an independent, strictly personal matter. The ques­
tionnaires were returned in sealed envelopes. The 
questionnaire study was performed in the period 
February-June 1984. 

Clinical study 
Each employee personally was 'requested in writing 

to participate. The study took place at the individual 
town halls and the examination included: (I) Registra­
tion, (2) Measurement of the blood pressure, (3) 
Evaluation of the skin, (4) Collection of nasal secre­
tion, (5) Determination of the lung function, (6) De­
termination of skin irritability. 

This part of the study will be , ~eported in ·a subse­
quent paper. 

Measurements of indoor climate 
In each of the 14 study buildings, we selected one 

office which the total study group considered repre­
sentative of the building in respect to building material, 
equipment, size, activity, and technical installations. 
Clients did not have regular access to the rooms 
selected. Supplementary measurements of tempera­
ture, dust, and microorganisms in floor dust were 
made in other rooms. Except for a few variables, the 
measurements were· performed on 3 consecutive days 
in each town hall during the period January 31-May 3; 
1984. 
Thermal environment and relative humidity. During l 
1/2 to 3 days, air temperature and_ relative humidity 
were measured at table level using a Lambrecht ther­
mohygrograph. Measurements of the air temperature 
were also done 0.1 and 1.1 m from the floor with a 
Blichfelt electronic thermometer with thermocouple. 
Furthermore, the air temperature was registered in 2 

19 
10 

5 
2 

30 
17 

II 
4 

Percentage 

45 26 12~ 32 36 7 61 62 40 30 27 60 16 27 36 55 
38 1.0 0 .0 18 & 50 0 0 36 33 15 0 39 40 0 

I - I 
1· 

! 
18 l'I 0 . -Gi to 0 18 31 to 4 0 20 0 8 21 5 
7 0 0 0 2 4 9 0 20 9 0 5 0 II 0 0 

66 32 60 24 48 7 50 69 45 48 45 30 32 50 57 41 
n. 24 20 ~ 31 16 44 0 0 64 33 5 20 39 20 0 - I 

5 2 20 
... 
4 18 0 13 8 10 8 0 20 0 20 7 9 

6 3 0 d 11 8 18 0 • 0 36 0 0 40 17 0 0 

other offices, and short-term measurements were done 
in about 20% of the offices - randomly selected - in 
the building. A person-weighted air temperature was 

' calcf lated, where each measurement entered with a 
weight corresponding to the number of persons in the 
office. The velocity of the air was evaluated using a 

·-smoke ampoule and determined with a ther-
moanemometer in those offices where the velocity was 
estimated to be more than 0.15 mis. 
Carbon dioxide. The concentration of carbon dioxide 
was measured with an indicator tube (Drager) in the 
morning and the afternoon. The time of the last meas­
urement was set so that the maximum concentration 
even with a constant low air change (about 0.5 times 
per hour) would have been reached. 
Static electricity. The static electrical charge of the 
persons in the office and of a member of the study 
group (0.V.) was measured with an electrometer 
(Keithley 602) while the persons were walking to-and­
fro. 
Formaldehyde. The content in the air of formaldehyde 
was measured during 2 hours with a spectrophotome­
ter after absorption in acetyl acetone (Regeno field 
analyzer). 
Airf?orne dust. The concentration of dust in the air was 
determined by use of a Dupont pump (P4000) and a 
membrane filter (Millipore FSLW,37mm). The deter­
mination was done 1.1 m from the floor near a working 
place in the middle of the office over a period of about 
10 hours during working hours, distributed on 2 days. 
The sample volume was ;about 2.5 m3 of air. The 
filter-holder was turned downwards and the air veloc­
ity in the intake was 1.25 mis. The determination was 
rep~ated over 1-2 hours in /October-December 1984 in 

. connection with the determination of mineral fibres 
with a sampled volume of 1.7-3.4 m3• The number and 
size of particles in the indoor air was measured with a 

,, 
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Table_5. Prevalence of the work-related symp~om groups(%) by sex, age, s~niority, 
job category and number of occupants in the office. 

LO 

..... . 

<30 
~ (" 

30-49 >49 

" 

. -

0-9 

., 
Mayor: ·· 

Director, 
Head ofa 

10-19 20-29 ·>29 Department 

., !'; 
~ .. • • t'~ 

'._, li-rititio1i ofthe 
Mucuous 
Membranes 

Women 
Men 

33 ·:., &3f_: .. !3 t :- 3'j1 :· .] 1 ~ 35 
20 

~ 

32 33 
if 

, . 

Skin Reactions 

~ u < . -
. creneral ; 

Symptoms ~ 
ik 

Worn~ 
}fen ; ·, 

' Women 
.Men 

32° 19 

. 41 

23 

Irritability 
t.;) ~ 

~ ~Wome~ •''11 10 

Men 10 ' - 8, ·"' 

15 23 22 

12 
4 

7 
4 

}6 - 45• 
15 28 

8 
6 

12 
IO 

8 
5 

39 
26 

10 
7 

10 
3 

40 
22 

8 
6 

16• 

' L' ,. 9, 
.. ..S; ,, 
38 
28 

6 
-= 9 . 

0 
.:..7 -.. 

' . 0 
20 . 

·.o 
- ' 8 ' 

-. 

Principal 

11• 
4 

32 
21 

8 
6 

-, 

. '7 .. ,.· ~ ~ 
"Difference ~een this,category and:thr other ca~egories statistically signi~cant (x:-test,j < 0.05). :; 

~ .. :. _,.f· ~ .7~ I ~ 
{.· .:: . ... 

. ::.i 

c: 
..= 
' - ·. 

·-, . • ? 

' .. ,., 

Job Category 

•. " 

Social -"Technical 
Clerk 

9 

Worker 

;JO 

J ~5 
.. '17 

5 :.. ~-

8 
8 

42 
30 

-. 

._.... \l 

-~ '~la 
54• 

--

21• 
21 • 

-. 

,-. 

Assistant 

Percentage 

17· 
20 

2 
·. 0 

~ 23 

1;2 

0 ... 
12 n :._ 

'O ~ 

~ .. ' , 

0 :~ 

... :..."' 

;......,; ,., 

Engineer/ . 
Architec~ 

11 
10 

.. 

L' :" 

21 .::.. ,.;; 

18: .-

o. ~ . , 
5LI :.-

,-., :... 

•\. I ~· 

:. 

Number of Occupants 
in the Office ::: 

I 

Other 

30 . - 31 
20 18 

8 
5 

34 
--~9 

6 
I ::..,9 

. 
8 
4 

41 
24 

14 
8 

2-4 5-30 >30 

29 37 49• 
17 26 51 8 

7 
4 

38 
24 

8 
8 

IO 
5 

44 

30 

8 
7 

13 
2 

63• 
51 a 

11• 
"" 16• 
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Table 6. Prevalence of work-related symptom groups·(%) by work func~ons. _,) 

Irritation of ( 

the Mucous Skin General 
'Membranes ' N Reactions Symptoms Irritability .. - -

Wcimen I ' Men . Women I Men Wom~n I Men Women / Men . Women I Men 
; -

Photoprinting 

Monthly or Less 
Weekly or Daily 

VDT Work 

Monthly or Less 
Weekly or Daily 

Handling 

Carbonless Paper 

Monthly or Less 
Weekly or Daily 

Handling 

Carbon Paper 

Monthly or Less 
Weekly or Daiiy 

249 
2057-,2067 

I • 

106--108 
1000--1001 

(%) ; 

28 
33 

(%) 

17 
21 

(%) ,• 

7 
8 

(%) 

6 
4 

1J;1 I 

4 
4 . 

5 
4., 

.. 

(%) 

33 
428 

~> 

39 
44• 

.. .. ,. <• 

37 
l '45• 

'" 

39 
43• 

%) 

19 
27 

26 
·26 

21 
34• 

25 
30 

' 

(%) (%) 

6 4 
IO• .·:· ,lq~ , '" 

10 
9 

8 

.9, 

8 7 

j ·: 

'!0 

I 

' " 

;·· J~ 

~ ,l 

12• • · 1. 10• 111:~ 1i '·1m1d 

"'r~J_,;A,· ''Hd 

.: 

9 
10 

I ~ . 

8 
9 

,. I : , 

•Di(fererace between "Monthly or less" and "Weekly or daily" statistically significant (x2-test, p < 0.05). 
, i i •. . l·- I . 1!, • . · . , , 

. ' 
. I 

Climet optic particle counter 1. ~ ,m from the floor near 
a working place in the middle 9{1the offic<.j. The count~ . 
ing was made over 20-30 minutes in the afternoon. 1 
Each size of particle (>0.5, ?:J, >5 .and· >10 JLm) 
corresponding to the .number in 0.14 l of air was 
counted every third minute. 
Dust on the floor. In the study office and in an office·,i r 
with many daily clients, the amount of removable dust' · 
on the floor 'was determined by vacuum'.-cleanirig 
(Hoover S-1015-011) of 12 m2 of the floor during 4 
minutes towards the end of a working day. The amount 
of organic macromolecular material per g of dust was 
determined as described by ;L0wenstein (1980). 
Microorganisms. Airborne microorganisms were col- ' 
lected in the afternoon 1.1 m from the floor near a 
working place in the middle of the office using a BIAP 
Slit sampler. Samples were collected for determination 
of microfungi, bacteria, and thermophilic actinomy­
cetes (Gravesen et al., 1985). The microfungi were 
identified as to genus and, in some cases, as to species. 
The numbers of colony~growri units, microfungi, bac­
teria, and aCtinomycetes 'per 30 mg of dust were de- ·. 
termined. · · ;- ·. ,'. _,,., .,.: . 
Airborne fibres. Owing to errors in the first samplings, · 
the concentration of airborne fibres was measured -in · 
the period October-December 1984. The dust was col­
lected with a Reciprotor. vacuum unit (V ABI) on a · • 
membrane filter (Millipore RA WP) in a 37 mm open- :, 1 

- ' ~ . 
I 5! ! • 

faced filterholder with its opening facing upwards and 1 ' i .- • 

examined for man-made mineral fibres (MMMF) and 1; , · 

other fibres by optic microscopy. The sample ; ,10.)1 

volume - 1.7-3.4 m3 of air - was determined with a . ·e:;J 

dry gasmeter (IGA-ACSMTC). The sampling was '. , , .\ , , , ·~ . 

done near a working place in the middle of the offi<:e · 1 • 1 ~ 
during 1-2 hours and with an air velocity of the intake > 

·of 1.25 mis (Schneider, 1986). . . . :i ' 
Fibres sedimented on surfaces. Two special adhesive - ";j 

foils were pressed 4 or 8 times against the surface of a i ,_; 

table or a shelf. The number and <Size distribution of r; · : ' ! ) 

MMF per cm2 was determined in a polarisation micro-; :Jri ' 

scope (x 500) with special equipment to projecting the"1"'-l .\ 

image on a digitizer (Schneider, 1986). .. :,:, ' 
Volatile organic compounds. A known volume of.air'· '. ,.,. 
was sucked in through an adsorberit. The adsorbent . 11· .c 
Tehax was employed in all buildings,' charcoal in 6: . ., 1J :'.' 1 

The samples were collected 1.1 m from the floor during .; d 1 i · 
25-50 minutes with the Tenax absorbent, during ap-· A 1' - ' 

proximately 5 hours with charcoal. The adsorbed ,n;; '. L 

gases and vapours were analyzed with a . gas- " ' ' t'( ?. 

chromatograph, and the results given as the total con.: .'·,; ' ') 
centration of volatile organic components, which for, .... _, .o 
Tenax is based on pentadecane and for charcoal on " ' 

: t~lue~e (M0lhave, 1984). -.. ; ... .. 11 1_ "· · \ .: .... '> 
Lighting. The general room'1llummance was measured -
with a luxmeter. An evaluation was made 0f the distri- ·. • l'­
bution of the luminance, the adequacy» of·working 1 •;hr 
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Table 7. Prevalence of grouped s~!Tiptoms (%) rel~ted to work by working hours per week and smo~\~ habits . 
. 

! ll , N 
+- ,., 

Woll!e!l ' 
j . 

Working Hours 

per Week 

JO Hours cir Less 576-581 
More than JO Hours 1741-1749 

Smoking 

0 
Non-smokers 
Smokers 

1205-fi12 
1121-1124 

·- -T 
I 

-
Men 

''.. 15 

1087-1090 

t'i. 

542-544 
570-568 

. 
-

Irritation of 
,. the Mucous 

Membranes 

Women I Men 

(%) 

27 
J4" 

JI 
34 

(%) 

20 
21 

20 
21 

- ... 

Skin General 
Reactions 

~l •. 
Symptoms Irritability 

Women I Men Wo~en I ):1,~J : ,. Women j Men 

(%) 

6 
9• 

8 
9 

-:. .. 

_,,_ - -
(%) (%) 

- {~ 

0 " ;~· 
4 44• 

.., 
3 37 
5 45• 

%) 

.v40 
26 

24 
28 

(%) (%) 

' ) . . 

11• 8 . . 
r • .,. I l 

10 ,, , . 7 ·1> 't .:.' ..... . 

9 9 

8Difference between "30 hours or less" and "More than 30 hours" or "Smoker" and "Non-smoker" statistically significan1 ·- I· 'i·· ,;.) 

x•-test, p < 0.05). 

\ ~~i· ·-4 

lamps, if any, the risk of bothering reflections, both at (men 12%and women.20%).:-P.atigue was the most fre-
the work tables and at displays, if any, the amount of quently stated general symptom (men 21%, women 
daylight, and glare from the windows. 31%). The prevalences of work-related skin and irrita-
Noise and time of reverberation. Over 24 hours, the bility symptoms were relatively low. Generally, 
statistical distribution pf the A-weighted sound pre - w~lflen had hjgh<:r preyalenc.es with significant differ-
sure level was measpred using a s1•atistj~al noise en~s as Jq several of the symptoms (Tab!e 2). . . 
analyzer and a microphone. The frequency distrib - -n= 1 - - · ;r k--1 d - 1 -· ~- - - . 
· · f b · d · h . • reva ences OJ .yor ·-re ate comp amts _ tion and time o rever erat1on were measure wit ·.a ,. . ~: · Th ·. • al .- ·, . f . k ,, 1 t d 1 v·t ~:ilf rt'·· · 

1/3-octav'e-parallel-analyzer via a microphone. In town ~ prev en~es 0: wor -re a e comp am s u ng 
h ll "th h · 1 fl f t th f the wmter are given m Table 3. Draught, draught along 

a s Wl • ~ec _amca .ven 1 a ion sys e~s, e 1 re.... ·th~ floor, "cbanging tempera~ure, stuffy air, and dry air 5 ;r, 
quency d1s~nbution was also measured m the empty :, 1 · h ~ . 1 .• _,t·. d 1 · t Th 1 tt . . . . ~ ·· were t e most 1reqmmt y sw e comp am s. e a er tov 
room u~der · d1fferent workmg conditions ior the sys- .:1 t d b 5'"'°" il-f th .6,, ·. h 11 h d t ' was sta e y · .q·o· e,. e w men·w o genera y a . 
em. ". j'l '. "

1 

• • • • iliore complaints than the men. . l"lb· '· - . 
Evaluat1qn of:materzals. The bmldmg materials and :·-b .1 , · . ~ . _ , ,-.-:o: 
the mat0J'ials used for the equipment were recorded for,, Pr(fvalences of symptoms in the buildings v· "' " , '!Ci J 

each studyrnoffice. On this basis we calculated a .. Jable,J s};tows the prevalences of the wo~~-~el~trq, , ,·<- . \ ". 

"fleecy" factor and a "shelf' factor, respectively, ' .. SYi91Pt0,91 group_s1 for ea~p .~f the l~ towa halls _ari,4 ~~~ 1 1 i .. 
expressed as the area of all textile floorings, curtains, 'i 14· addj,t~on,~\ .b,u!ld,iqgs . . :iThe. , indiv~qual ~yqi.gJom.. ri r, 
and seats di_vided by the volume of the room, and the1 ." 2groups show relativ.ely great difference~ betw.een the •h 
length of all open shelves and cupboards divided ,by . . d:,ighest,fi.nd.th.e lowest .prevalence, also .Y.,ben ~1J!y, .the .. ~ 
the volume of the room. 1-..: ,! . -! .:i ~o~n halls are considen;d. Fo~. the town halls, the cor- ... , , 
Cleaning fq.etor. We collect~d_, .data on cleaning . __ .ret~tions between ~~e- pre~alences of various symP,r."~ _ . ., 
methods, materials, fre9uency, and other relevant dat~ :;!,,toms were calculated as the Spearman rank correlation ,\ 
and calculated an•index of the quality of the cleaning .. •' -~coefficient. The corr~J~tion between mqcosal irritation 
Statistic.al'.·_-. methods. 'fhe Chi-sq1;1are J\_and Mann- ,,~r:id general symptoms was 0.52 (p «0.10) for men and 
Whitney tests were u,sed for: the statistical analyses ,,O,.i}2 (p < o.opl) for women: Tht; 9orrelation between 1 •: 

with a level of significance of p < 0.05. Th~ Spearman .. mucosal .i~tion and skin symptoms was 0.49 (p < 
rank corr.elation coefficient was used to wialyze the ., 0.10) fQf~.Qten and Or64 (p < 0.05) for women. The 
association between the prevalences of th~ various correlatign between general .~YIJlPt~i;n~:_aqd skin,sY.~.P- n~l., 
symptom gro.ups, and betw<;en pre¥~encei,an~ the age toips w~~.0.81 (p < 0.-00t,),,fQr men ,3;0~ 0.63 (p ,< 0.05)1, 1 !.Ir:· 

of town halts_..,:; ~·1 ia , '.i- . Jr!J : , 1:; . . ; ·hrno.for wom,en. The COQ."elation betW~fn .t~-~prevalen~~ ,~~ •;i·i 
.u·1 ,-:)irf· •1c•::;i;;~, . ;,:';-:•· ·1:'1nlcJ ');' ,, irritability and the prevalences of the other sympto~·nr.r 

Results , 
'J .~~· ~·~ t.- · n.fJ.:..,i.>.Ei.·::;q . 1i J,grpups_was low. , ... r1r -·1·/ri'_: lh .'.Jnf·.;. ·.· :,\ J., ,_,(\\\J\ 

I d 
·' ;:i, . :; ri ;,JJ1lo!fhe highest coefficient for tq.e c,orrelation bet~eeq,, . . -i 

Prevalences of work-re ate symptoms . 1 f · ·' · d · · · · 
1. · 1t ")fl.Gfllr:> .. , ,. ~ 1, • . <> , 1,_,_,the prevaence o symptoms;m. rne~~an women Vfa.s .. ,r: ·;;!1 

Among the symptbms ,Qf.muqCl)_saUrfitatjqn, wq_r;~~ I foµnd for general symptoms (0.7~ Ti r~ o.~l). In~ll:J.~19P b-~. 
related nMal,-,imta:tioru_tWllS most~~f.Fequently stated n;>i 1qf the additional 14-buildings , . ~i}i~l:l i P.fW fe.wf11" em•ck• 
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Fig. I . Prevalence of work-related symptoms in relation ·to the age of 
the 14 town halls. x = Irritation of the mucous membranes o = 
General symptoms (Spearman rank correlation coefficient; r. = 
-0.65 (p < 0.01) for irritation of the mucous membrane; r. = -0.48 . 
(p < 0.08) for general symptoms.) 

~ . 

ployees and were more hetrogeneous, resulted in al­
most unchanged or lower correlation coefficients. ~x­
cept a correlation coefficient of 0.59 (p < 0.001) for 
men between the prevalence of general symptoms and 
of irritability. 

Peder Skov, Ole Valbj~m. and DISG 
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F{g. 2. Prevalence of work-related symptoms in relation t~ ventila­
tion system. x = Irritation of the mucous membranes o = General 

' symptoms (Difference between natural ventilation and mechanical 
ventilation p > 0.05, Mann-Whitney test.) I ' 

offices in which more than 30 persons we're working 
(Table 5), but only 2 of the town halls and one of the 
other buildings had this type of office. , 

The prevalences of mucosa} irritation and , general 
symptoms were higher among both men and women 
working weekly or daily with photoprinting, video 

Prevalences of symptoms in relation to population display terminals (VDT) and carbonless paper than in 
characteristics and work functions employees who less often used these procedures, 

Men under 30 years stated! mucosal irritation and 
general symptoms more often than men in the older· though the difference was not very marked. As to all 

tbtree procedures, the prevalence of work-related skin age groups. The same applies to the women as to gen-
eral sympt~ms, though less markedly. Women in the" symptoms did not differ bet.ween , persons weekly"o~ ,,, ~ 
age group '.above 49 years stated skin symptoms more daily exposed and persons less often exposed (Table 1: i:;...; 
often than the younger women. Apart from these firi'd- 6}. The prevalence of irritability or lack of concentra~ . ·r;, 

ti1Dn was increased in persons working with carbonless w . . N ; ings, there. were no marked differences between the 
age groups (Table 5). paper or photoprinting weekly or daily (Table 6). 

Table 7 shows that women with more than 30 work- , ;· 
There was no clear correlation between years of ing hours per week had higher prevalences of all group,-__· ' . ., 

office work and prevalence of symptoms. The preva- , • 
lence of mucosa! irritation, though, was lowest in men of symptoms than women working less than 30 hours 
with more than 29 years of office work, and that of per week. . . . .... '. ·· ' 1J -'.,. 

J t hi -h t · 'th 0-9 f '}" ' . Female smokers had a s1gmficantly higher preva- re., ·r• genera symp oms g es m women w1 years o - · · . · ... ' ' " Ji ·. 

ffi k (T bl 5) ; lence of general symptoms, but otherwise the. preva- ,,.,, ,. 
o ice wor a e . . . . · ··· · ·· · · 

Th l f t d·= d ' 'd bl lences did not differ much between:smokers and non- .. r e preva ences o symp oms 111ere cons1 era y k T bl 7 .. · ,- . 1 • 

b d · h' h . d' 'd al' . b smo ers ( a e ). ri • etween men an women wit m t e m 1v1 u · JO .. . · • 
category, especially for mucosal irritation and general Prevalences of symfitoms in relation to age of buildilirg ' -r:· 
symptoms. The lowest prevalences were stated · by and type of ventilation .: . · ;· .r, .; ·" " 

mayors, directors , engineers, and architects. Clerks Even if there was a fairly 1 good inverse c~rtelation ... ·~<~r, 
had the highest prevalences of mucosai irritation, both between age of building and the pr-evalence of mucosal 1: ; " 

for men and women. Social workers had the highest irritation (rs= -0.65) and' that ofgeOOra.l symptoms (ts 'i n·: -" 
prevalence of genera~ symptoms and irritability, both = -0.48); it was not always the youngest buildings 1 ·r:~); 
for mdi and women (Table 5). that showed the highest prevalences '. (Fig. 1):' 'The , -' :!1! 

As to type·o(office, ;the'prevalenc~SJwere highest in highest prevalences of mucosal irritation· rand generali ·)]dr, 

. , 
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Table 8. Indoor climate mpasurements in the 14 town halls. 

Mean external temperature 
Sunshine hours, daily average 
Air temperature 
Petson-weighted air temperature 
Temperature rise during a work day 
Vertical temperature gradient 1~ 
Air velocity 
Relative humidity 
C02 max. 
Formaldehyde 
Static electricity: Observer / 

Occupants max. 
Airborne dust 
Dust particle&i >0.5 µ.fit 

>2.0 µ.m 
Airborne microfungi 
Airborne bacteria 
Airborne actinomycetes 
Vacuum-cleaned dust• 
Vacuum-cleaned dustb 

·-Macromolec"iiiar content in the dust -
f'(' Microl'ungi in th~ dust• '" 

-:: J;Jri:;, ,M~crofungi in the dus~h 
fs 1·,r:i\.J Bacteria in the dust• .· 
r. lflGii~ Bacteria in the dusth 

Man-made mineral fibres in the air (MMME) 
Not MMMF ( < 3 µ.I) in the air 

., 1 , Not MMMF (> 3 µ.m) in the air 
'Y' 1 rn Volat~e organic compounds (charcoal)c 

· Volatile organic compounds (Tenax)d 
A-weighted equivalent noise level, LA.•• 

·:A·weiglited background noise level, L 95 

-;., .,Reverberation time 

o-;b. 

Mean I Maximum I Minimum! 

(24 hours) (0 C) 2.4 
(hours) 2.3 

(
0 C) 22.7 

(°C) 23.0 
(°C) 2.5 

(°C/m) 0.9 
(mis) 0.15 

(%) 32 
(%) 0.08 

(mglm3) 0.04 
(kv) 1.4 
(kv) I. 7 

(mglm3) 0.201 
0-1

) 48x 103 

o -'> 25x102 

(col/m3) 32 
(col/m3) 574 
(col/m3) 4 

(g/12 m") 3.67 

11.4 
6.4 

24.1 
24.4 
8.0 
2.0 

0.20 
40 

0.13 
0.08 
4.8 
4.0 

0.382 
119x 103 

l 16X 102 

JU 
2100 

" .)5 
11.56 

-1.2 
0 

20.5 
22.0 

1.0 
0.4 

<0.15 
25 

0.05 
0 
0 
0 

(g/12 m2)gr: jflJ oJ6.14 .L · >17.ot ~' L 

0.086 
19x 103 

Bx 102 

0 
120 

0 
0.32 

.10 .. 66 
,.,:,,iO (mgtg; <~" ··· :1.n "· s.240 

(col/30mg)' .,, · 33' "oi1 ~· 90'.f' 

~
col/30 mg) 3i ·'-, "TJ • 192 

·~ T 
:~ i. ii n. q>l/30 mg) 199 380 

.,,;·cim~ol/30 mg) 296 680 
... ,,;,1:," (f/m3) 5 60 

(f/m") 33.2x 103 

Ji~', (f/m") 3.1?<103 

'·'J·. , (mg/.192 ·'"1.5~ 

59.Jxl03 

,j.px 103 
, 

2.63 
(mglm-J . o.s:' 

<d'B> . "· · 56.7 · t;: ;: • r . ~Ji.J J 

1.2 
60.3 
44.1 
1.05 

(dB) 'r36.2:<. ' -· \'.:l .r 
(s) 0.41 

11 
6 

41 
160 

0 
18.5x 103 

0.7x)03 

6~43 
0.1 

5'i:3 
28;2q .. J 
0.28 

1 • 1•1ii the office1r here a11
1
the measurements were performep. ""' ·\ \. " 1' ) i 111 / 

hJn an office with a considerable load of clients during the day. : . ,·l\ 111\\. 

· c: «;Mean of readings in· 6 buildings. ': '·' ., , , , . ~ 1 
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•· if~L: 

,, r .O-· 
111 . 

fr.. ' 

;j !.: 

J; ··:; -~ lJ 

' ·' < dMean of readings in 13- buildings, in one building we measure<(32 mg/m3• ·' '°' '.1li~ · "' ' 
il:,:; he,; .·" . J , I ,' '-'. _ .r; ; 1'.· ["' 11 ii:) ,<' 

• • • • 6 • ; ~ .1 ( . ( ..: • ..: ~ J) 

sympto111s. were found a111ong mechanically ventilated ;r a wor.k day was ,,ac;cep~jlble, e~cept in the to~] .hall - -
buildmgs (~ig. 2), but no _s'tatistically significant d~er-, ~- · studi~-4, in M~~· ".';?ere it was 8°C. In 6 of ttie b_~µ!~iflgs, . 
ences could be demonstrated as to the prevalences1be ... · the air1.;v.eloc1.t,y, w.as between ().15 and 0.20 ml$, m the _ 
tween liatu't~ll(and mec~anical.ly ventilated buildings. · others iess than 0.15 OV.~~ .. .. .' , ,· ,·· '.> · 

Indoor climati?ineasurlments · · t" •' ::::'.-· ' '1 The relative humidity was normal (2?-_l<¥fi>) and~ 
Tables 8 and 9 give the results from the irldoor cli• '.L correspond~~ to t~(f, t~mperature, of the season. In the_,:'.! 

mate me~surements in the 14 town halls. As to the 13:,d .building wit~ ,a funptioning hum.idifier, the relative n :1 
of them~ the measurements were carried out during · humidity was 40%-. , ,,. 
February and April as to the last one during May. The ~·y; For all town halls , ti.le concentration of carbon di­
meao ~xternaJ 24-hour'tempe~~ture at the sWdy days ' 1 oxide wa~ belov.:~ the nqrmally acceptable upper liJ11it 
varied ~om -1.2 to 6.5°C for't~e 13 town halls and ':"as · ":of 0.15%, exceedfog 0.10% in only one of ~em. In ~ _,, il( 
11.4 °C for the last one: These temperature~. are ,typical town hli;ll~ •. : ~.be f~rmald,ehyde concentrat.J.on was fat; r1T 
of the Danish winter/spring. · ,. 1 '.Ttower tbat]~~he nq~ally a~.Cfiptable :Ypper limit o~0.)5J"il' .sr. 

The ~~~n air te1Q.perature .. ~nd.the pecsonrweigh\ed ~g/m3 ('V~!J:>jc,brn, l~83). - . ilf. ,.,. ., ;i '.'.J :-:-

air temperature of an approximately 20%, .~Jlmple -~.f the . . In 8 towy, hall~, J~ eJ~ctrostatic cha!ge o{ j>erso~~ , m .1 • 

offi.ce&_range~Lia mQs1 Qfth~))>uiJ~ings f1j9m}Qn24°C-""H .i was above .I_.5 . k_,Vi .: :.W-~ich,;m~y <:~.':W~ ~fLOYirW di~-.;. , 8 ~ 
wh1chi1s t}Je recomm~n,~ff ·t~mper~ture .(NKB, 19~1;). 1_charge (ValbJ0t;n. l9~). • ... ~ ... .. ,-1q n~ 1 ,~ 0 ,! imi 
Temperat\lfes abqv~n2J;~~ :\Vere 1Qleasured in only 4 •. :;. The concentration. of airbom~1 9t'st vari~d betwe1y~ 1 

• 1 
town halls. ;IJJ; alJ r~w.s st\,\die~, tbe v~_l1ical tempera· 0.086-0.382 mg/,¥13, :rnean 0.200 rµg/}11 3

, wpic}1..is fajrtx
1 

•
1
<' 

ture gradient iWa~· tes8.'.tb;m.~ °C/m, wh~ is the ac;cept-, high for offices. The numbernfo'?f rP.P\P.~me .. Jlq~ .. 1, ? 
able limitl(~Kll;cl9.81). T-Jte r:ise in temp~raturG; dypng. dustbound coloni<;~,· of, m~~wfuqaj.; l~~S~f"la, a9id"~f 
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" Table 9. Lighting f~ctors in the 14 town halls. 

IJ 

' I 

' 
General Room 'Illun:linance (lu.x) 

I.() .T 

Glare -'' 

• ! ~ 

: 1 !• 

·'' ;' I ;_I. ll 

:;,RiskforiBothering Reflection 
·~ . 

• 1· / , ., 
• 11. " •• • , 

Use,of General iRoom 
:; TJ.Uumin8.tion'. --: · 

., 

, I 

, ( , . 
, •.. .l 

1.-

cl 

• Mean 
Maximum 
Minimum 

Not RecognizalJle 
Recognizable 

Low 
Average 
High 

Almost never '" , 
As Required 
Almost Always 

··:. 

164 
450 

35 

11 town halls 
3 town halls 

5 town ttali.~ 
7 town halls 
2 town halls.-: 

2 towri 'hall~ B 

3 town halls 
8 town halls 

I .1 

. ' Ii '• 

., . 

"\ 

, jg 

;\'>:L·:c/ i', ;t 

Workpi~ce illuminatioif~a·nd. luiniriance"were· evaluated<to bt! good·1rt-·all town halts. 
"· ~ , ·'. \ ,' ·1 · ... ;.·; :r 1 - • · • t . I 

,, 
J_l./ . 111-:· :(~·: .1. ~ " 

ilJ(>l r- '' 1f! tlC:·. 
\ ), . ;,'? 4·,. 

.. l ;-11(11: 
,<; ..:."1j 

·1·;· il 1 •f • •: r : ' J lJ •. ;i I:.> ,,, .. , 

tino~ys¢te~- ~ri~esponded fairiy "w:e1I t~ reported val- ' of the quality of the ind0or climate, findi~gs that ara:. "';'., 
ues in;~fflces 'cGravesen et aL', 1985; Gr:avesen et al., common for several studies. Thus, in an interview 11 '>iJi;!: 

1986), and .so did the amount dfvacuum-cleane.d dust study of a sample of the adult Danish population, the 
and organic,. macrom<,>l~cul'}~~' fiOmpq~ents. in ~h'e dust frequency of mucosal irritation at work was twice as 
(Gravesen et al., 1986).· ,, . . J , .n high in women as in men (Valbj~rn and Kougg!'i1d, 

For a single town hall the content of airborne man- ;q 1986). ., ,, / <·rir.!>il\ 

made mineral fibr~s 'was 60'fib'res/ll}~ (95% confiden~e~ ·: The prevalence of mucosal irritation and of ge11eralrro1 
limits 13-721). Fotthe other tow.r;i haJ.ls no fibres were· . ~, ... ~ymptoms in the employees differed highly bet\IV'et!W ! rii 

detected in the sampl~' from the•coll~cting filter exam- ' -the individual town halls. · ·i: \ ~-:.~~; 1 , ) 

ined (95% confidence 1itnits 0-'i<Jo).,. .,- , . High prevalences of health effects have previouslyiu: 
Volatile organic compounds determined with the been related to easily observable buiU:ling charaC:~1 " !n;: 

- - . ~ • ~ 'I ,...JI ; 

Tenax. adsorbent gave low values, from 0.1-1.2 mg/m3
, teristics, such as age and ventilation systems (WHO,- , 

except .fo one town hall (No. 60) (32 mg/m3). 1983). We found the lowest prevalences of symptoms -
The noise and lighting conditions we're evaluated as~i; for the oldest town halls, a correlatiort .-that has not 

good. 1- previously been elucidated in studies on the. office en.,,:· · 

Discussion J u ~·· · 
'' ' vironment. " ,,, 

,• -

.f 

The epidemio'logy·of thei "sick" -building symdrome 
is only sparingfy elt1cii;lated as yet. Besides having a ·' · ' 
large study population', the- present work on.the preva~ 
lence of the "sick" building syndrome in office em­
ployees is the first to include measurements of a long 
number of indoor climate factors in relatively many 
buildings. 

Town halls and their employees were chosen, be­
cause we wanted to examine a uniform population with 
equal socioeconomic status and type of work, but ex­
posed to different indoor climate conditions. Since the 
town halls in Greater Copenhagen have been built 
concurrently with the growth of the area and, there­
fore, differ as to age, 'construction, and building mate­
rials, we considered them an ideal choice. 

The questionnaire was returned by 80% of the em­
ployees in the participating town halls, and this popu­
lation of office employees was found to have a high 
prevalence of work-related mucosa! irritation (28%) 
and of general symptoms in the form of headache, ab­
normal fatigue of malaise (36%), which is in agreement 
with reported findings in the office environment (Val­
bj0rn and Kousgftrd, 1986; Turiel et al., 1983; Finne­
gan et al., 1984). Women had a higher prevalence of 
these symptoms than men and complained more often 

Reported studies have shown, a higher. symptom'_ · ,~ 'J 

prevalence in mechanically ventilated buildings than in.~~.rr , 
naturally ventilated ones (Finnegan et al., . '1984;.r~r; 

Robertson et al., 1985), a finding which the presenfw1 

study could not directly corroborate. ' '';~.' · ' 
The analyses performed showed that the individual 

town hall and job category correlated significantly with 
the presence of work-related mucosal irritation and 
general symptoms. The prevalence of symptoms dif­
fered highly within the various job categories, the 
highest prevalence being found for the subordinate 
categories. 

Photoprinting, working at video display terminals, 
and handling carbonless paper correlated with the fre­
quency of mucosa! irritation and of general symptoms, 
and so did - though less markedly - the number of 
weekly working hours for the women. These findings 
agree with reported results (Knave et al., 1985; Marks 
et al., 1984; Taylor et al., 1984). 

The many indoor climate factors determined, ex­
pressing the indoor climate conditions, resulted in val­
ues mainly at the levels normally considered accept­
able from recommendations on indoor climate stand­
ards (NKB, 1981) or in values in accordance with 
those previously reported by Robertson et al. (1985) 
and Turiel et al. (1983). Both groups of authors failed 



. ' 
The Danish town hall st,udy 

)' ,, 
to identify one single indoor climate factor as the 
possible obvious explanatory cause of the tiigh symp­
tom prevalence in some of the buildings. However, in 
a single town hall (No. 60), we found a high concentra­
tion of organic gases and vapours, which may, at least 
partly, account for its high prevalence of irritation of 
the mucous membrane and general symptoms. 

The correlations found, . .which must be interpreted 
with a certain caution, will be further analyzed to­
gether with other factors such as psychosocial condi~ ' · 
tions at the workplace and. i0ther occupational en-0 

vironment conditions. 
,; 
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