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In a health care center erec ted i n 19!!1 severa l · sensory-irr itation symptoms 
wer e reported . A combi ned r.1edi cal .:ind t e hn i cal step- by- s tep investigation 
indicated t echni ca l shor tcomi ngs i n t he bui l d ing. With t he use of self- administrated 
ques t ionnaires before , dur ing ;md after r el evant technical al ter ations , an obv i ous 
reduction of t he bu ld ing relat ed symptoms were documented. The results from chemica l 
and mo isture meas urements will be presenteci and di scussed. 

INTRODUCTION 

In a middle size Swedish town a health care center was erected in 1981 on watery 
ground. . \ 
For the local people this place, in the wintertime, was used as an excel lent 
skating ground. 
Soon the health care personnel complained on "sick building symptoms" such as 
sensory-irritation from the upper airways and s'kin, and general symptoms such 
as fatigue and mild headache and bad odour. Upon leaving the building, they 
experienced a clear relief . of these symptoms. 

METHODS 

After severa 1 years · of mi nor technical a lteratio.ns ·without successful outcome 
a group of technicians, representatives · of ~~elocal staff and a physic i an from 
the Department of Occupat i ona 1 Med i'c i ne in Ore bro, was formed. · 

A step-by-step investigation with unbiased and thorough penetration of existing 
ground conditions, construction, building material and installation, was 'initiated. 

The medical survey consis ted of an examination of alJ,.:-dent al health care personnel 
and others who consulted exami nat i on . A self .:. admini sfrat.t~ri questionnaire on symptoms 
related to the indoor··"cl i mate was used before, du r ing and after technical 
alterations. Here the r esu lts from two dif ferent occas i ons , January 1987 (n=48) 
and February 1989 (n=46), will be presented. 

The moi sture content o f t he sl ab was measured i n pred r ill ed holes using a 
calibra .ed Rh-met e r . The hol es ~1ere drilled to 30, 60, 90, 120, 150 and 180 mm 
depth, respect i vely . l he moisture content of the s l ab and the a ir in the holes 
were al lowed t o come to equ iii brium for at least 48 hours prior to meas urement. 
After t he measuremen t the ho les were sealed using a pl as ti pl ug and tape. 

Organic compounds were trapped on Tenax by active pumping (approx. 200 ml/min) 
for about 30 minutes. The Tenax tubes were then thermally desorped to a gas 
chromatographic/mass spectrometric system. 
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RESULTS AND DISCUSSION ... .. .. .. . 
~ .. 

Medical investigation: 

In figure 1 there is a clear reduction of complaints concerning the work 
environment between January 1987 and February 1988. 
As illustrated by figure 2 an obvious reduction of the symptoms related to the 
indoor climate was achieved. This is true in particular for sensory-irriation 
symptoms and general symptoms. In .fact the symptoms are reduced to a level close 
to or better than the reference group. The small increase in skin symptoms is 
probably due to an unusual cold winter 1988 (-25"C) . 
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INDOOR CLIMATE. WORK ENVIRONMENT . 

Symptoms 

Noise 

Passiv 
smoking 

Slalic 
.• e)eclricily 

.· 

(yes, often) % 

Itching, stinging. butnt 
feeling in the lace • 

Sealing, itching 
scalplea11 

Facial 
flushed skin 

Hands 
dfy$1cln 

'• 

Other skin 
problems 

Olher 

Ory air 

Falige 

Sinus problems 
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January 1987" 
,, _ .. _._February 1988 

Oraughl 
from floor 

Low 
temperature --.·-. . t: 

•i 

Reference group • 
. :J: -. . 

... 

The shaded area 
represents complaints 
as reported from 
n~l 96 persons in 
healthy buil dings. 

llching. burning. irritalion 
ol'ltle eyes 

Irritated. stuffy OI 

•. 
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Technical investigation 

As a premier attempt to reduce the moisture content of the slab, dried heated 
air was flushed under the slab. The floor was kept intact. In one room, however, 
we removed parts of the PVC-carpet. This room was used as a reference when studying 
the moisture reduction rate. We studied the moist!)re content by intermittent 
measurements ·over approx. 9 months. The moisture profiles are presented in figure 
J.. 

f.ig_,__J. Typical moisture profiles in the slab. Active drying from below. 
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PVC-carpet removed 
(reference room) 

100' % Rh 

.... ·. 

~s...,·o.---'---'----'----'--1..,6"'0,..... % Rh 

PVC-carpet intact 

Measurements in February 1987 
March 
May 
October " 

.• • . _: t 

The left-hand drawings represents the moisture conditions when the carpet is 
removed and the right-hand when the floor covering (PVC-carpet) is kept on. It 
is obvious from the figure that it is ·impossible, in reasonable time, ~o dry the 
slab with heated dry air from below. It . can also be seen that the drying from 
both upper and under sides gives a good result. · 

/ .) _, . ~ -. "·- ~i ::- ·f 
Thus the PVC-carpet was removed and "tlie slab"'was dried from the upper side by 
using active dehumidifjers in each· room. The self- leveliing screed is sensitive 
to high moisture contents and higher ya l ues: than 75 %.Rh leads to arrmonia emission • 

. .._ ~ .,.; '1 ~ J._ - •• : ;·.. • • • •• • 

The time needed to reach 70 % f~om the i';iti~l 'go % ~ar1es due to the thickness 
of the slab and to a minor extent to the weather conditions. In the case presented 
here we reached 70 % within 2-4 weeks. After the successful reduction of moisture 
and change of PVC-carpets no comp 1 a i nts ·about· bad. oClour have been reported. 

o··.'.r • .1 • :ic 1-.•., ,,,...,.,. ... .._ ~- ,- ., .:. - .i.• "':\~": •#...;·:- " / 
In the end of 198~ we made a check of the content of chemical compounds in sonie 
rooms where we originally have had high conqmtrations of'chemical substances. 
Based on Tenax sampling we found 140 µg/m' "in one' room and ·· -. 
90 11g/m1 in another,' figures 4 and .s. The compounds found by mass spectromet~ic 
anal~sis were aliphatic hydrocarbons in -the range C9-Cl2 probably from a wh1

1
te 

spirit fraction, some aromatics such as.toluene and xylenes and finally some glyco -
ethers from water based paints. The concentrations found are on a level where 
we nonnal~y have no complaints or- symptoms related to the indoor climate. 

686 

8 



·d heated 
however, 
s t~dying 
nn1ttent 

I 0 fi!u!.!::t 

>w , 

, ~ % Rh 

pet is 
on. It 
ry the 

·~ from 

de by 
, it i ve 
-, i on. 

knes s 
ent ed 
st ure 
j . 

some 
11c es. 

· t ri c 
11 i t e 
ol -
·1ere 

\ 

··' .. 
. I 

'I . ~ 

'-. 

J. :. ; 

·' -

8 I I I 188 I I 288 i I 388 ' I 488 I I 588 I I (,88 I ' 788 I I m I I 988 I o l.Ba8 I 
e:12 2:12 1:12 6:12 e:12 1e:12 12:12 14:12 1£:12 10 :12 29:12 

• • .J •• 

CONCLUSIONS -~ 

-· Lls.....:..! Concentration of 
. organic compounds in a 
medical examination room 
(90 µg/m') 

• I .. I 
~ . 
. '. I 

·. 

.. 
I . 

. ' ? 

~ ' ,. 

" 

' . .... ~ • ~~ , # 

,. j 

:1 ... ~ 't 
..;.,.. l· ... 

.i 
I ~ • : • ~ • ' 1,!; 

.! !' .. r. 

f.i.!l..._5. : Concentrat:ion of · 
organic compounds 'i n a 
dent al t reat ment room '· 
(140 µg/m'~ ·.'~ f: · :• 

.; p " ., . . , 

-
"· a! .. 

' I 

, ... -;.. 

Sensory-irritation s.YmP.foms and complaints' ·or1ginat~;~ from exposure to chemicals 
from a humid slab·construction can be reduced by active drying and minor changes 
of materials. 
Questionnaires provide an excellent low-cost method to evaluate symptoms and 
complaints before . and after technical measures. ·. 
A latter version of the indoor climate questionnaire (MM 040 EA) is available 
in English, figure 6. 
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INDOOR CLIMATE MMCMOEA ...,,,. 
Oal• 
- ·r-7" ... 

, ..... "" ...... ~.--. •&;~!.."!~ .• ~ Companyfllf'lll.i .. -· 
I I I I 

• fll••INurtlbef'~ 
'Depanmenl --, ··- - • -----

~ 
,..., uw L..i..LL.:.J G<O<lll c:LUJ 

F'~ in by investig.11cw 

This que.sUDnnaire COl\Cel"TU: your indoor climalo and possible symptoms you 
!"a)' to. eJ<peri~n.c ln9. 

' 
llAC>(GAOUHD FACTORS ·-.. 

. . .. ••1 Y•Dlbinh 19 ~ ~ -.---··.,.....-·-···~--··-·---
~ II" Sc• : ; mMD• .- temateO ~ 

~ I Do~ smok•? v .. o. No 0 ~ 

How ~ have you beel"I at your preanl 

plac•ol-7 L-J ~ ... 

W()IU( EHlllROHMENT 

Yes,ohan v ... Ila, 
kM you bMn boU\e'9CI OUrinQ IN last thrH monlN by ""'I ot 
IN lolOWtnf factor' tt yowr w~ plM:el 

~ 
(ovoiy-1......- ~ 

·1~hl ' ,. J° :... 
- Aoaln lemperai .... loO h9' 

\tar)ing room 1emperai1ur1 : = !::.er:ur• too~ ·:- · • 
• °'Y"" 
• \.Jt'9ea~nt odour 
• sia.e electticlty, of't.,, causing shockl 
• Pm3iv• smoking . . . . . ~, ~- - ,· ,- -. 
• Noise . . . , . . ' ; · ·. 
• UgM lhal is dim°' causes glare and/or r1ftection1 

l .. Oul1 and du1 

' . 
l- -

W()A>( CONDITIONS •• 

. : ,,,,. 
~.!:~;'d ~~as inter'5Ung and 

I .. :: !. . . Jo • Oa )OU have too muC!' wQfk to do? .·. 

:.:• 

Yn. 
often 

8 
0 

'" 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

YH, 
~.,,.. 

0 
0 

;i o.,.... ..... .,,.,._ .......... ~'°" 
0 l .. waOing condilion$7 .· 

lit:,· Co-~--~-youw11hproblornayoumoy 1 • 1\..-.lr\'tWf..,,., .., ~ _ ... 

\
1~ > .:0 ; -:i. ; ,, <?:.:. .~- ,:., " 

0 0 

0 0 

l r----·-. .a.,..._ll..,..-V.1 .... L.V•-.a. 
\ I I ~-·~.._ ........... a..... - I I I l _..._.. . ._,,.._.,._, .. 

c n 1: n 
~ - ;r r'\ 

:r~~ r'O ""f)tr 
:» - · () '1> ID 0 Pl 

. .. 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 o .. 0 
0 .~· 0 
0 0 

,< 0 0 

Ila • No, - ..... 
0 .. 

. 0 
' 

0 0 

0 ' 0 

0 0 

t~o.,,...-.-

n ID 0 ,_,.., 
)) 1---., fl) Q) 

I~ 

'i l• 
ti 
H Jt ,6 

PAST/PRESENT CMSEA$1;SISYMPTOMS 

' I H.ave VoU tv91 hid uUvNlic: ~7 

• 1 Have you evet suffered from t\llytever1 , . 
1 i Have you evet suffered lrom ec:zema? 

• Doe. anybody.,.. "1.,.,.,, lamily suffer kom illle<g;os (e.g . asotvno. hlvfe••. eczemo7) 

PRESENT SYMPTOMS 

I OurinQ lhe IHt l monthe have~ had any ot lhe fol&owing symptoms? 

i 

;. 

.. 
Fatigue ' .. .. .. 

FeelM"lg heavy-headed 
Headache 

Nausea/OiU.iness 
O.Hicutlin concentrating 

, ... j llct.ng, burning or ~taleon of the .-yes 

.... , lrnlaled. sluffy or runny nose 
Hoarse, dry Uvoat 
Cough 

Orf Of !lushed - -ScaiinQlilc:hing scalp ore~ 
Hands dty. i1ch1ng, red skin 

··\:~=...;::;. 
0 
0 
0 

.:. B 
. 0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

,. .. j O~er ..... _ .. _ , ............ --.··· ·······--··- 0 0 

FURTHER COMMENTS .. 
· ·: 

. :; ~ 

No, -
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

--u-•[ ·~~-n :· c 0 
"' 0 :J 

. 0 [J 

'"' :J 

,_ •YE&: via,_--... ... _ .. .... ,...., .... -... No .. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

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