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ABSTRACT 

Numerous scientific studies show that indoors are the source of potentially harmful 
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substances called indoor air pollutants. They come from various sources. Indoor levels are 
often much higher than outdoor level and most people spend the bulk of their time indoors. 
As indoor air pollution is relatively new problem, health and comfort problems are associated 
with it. The starting point for studies on constituents of the indoor environment is to realize 
that the problem to be solved is complex. Facing the number and variety of physical, chemical 
and biological pollutants in indoor environment urgently needs strategies to distinguish severe 
from less severe health hazards. The term sick building syndrome has come into vogue during 
the past several years and refers to a range of occupant complaints and illnesses. The cause of 
sick building syndrome remains unknown, although it is likely that there are connections 
between psychological factors, inadequate ventilation and the level of hygiene in the building. 
Classification of health effects of indoor air pollution is introduced from comfort point of 
view. Factor identified as possible causative agents are as conclusion of several research 
reports indicated in the paper. In order to determine the priorities the ranking of selected 
indoor chemical pollutants in Slovakia was made on the base of measurements carried out. 
Frequency of exposure for selected substances was estimated. 
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INTRODUCTION 

Despite the fact that indoor environments vary from one country or even region to the other, 
due to differences in construction habits, climatic conditions and life-style, the industrialized 
societies tend to face a growing number of similar indoor air quality problems. Indoor 
environmental problems have five common causes, and more than one may be active at any 
time: an inadequately cleaned or maintained environment, insufficient ventilation, pollutants 
emitted from sources and activities inside the building, contamination from outside sources, 
and biological contamination due to a lack of moisture control. These causes can often 
intensity or add to the stress that occupants suffer from inadequate temperature, humidity, or 
lighting, or by excess noise. Exposure to pollution indoors also adds to stress of occupant 
density, job dissatisfaction, lack of personal privacy and control over the environment. The 
inadequately maintained environment is the consequence of inattention to the different 
emissions and by-products of activities indoors and the need for constant ordering. Poor 
ventilation sometimes is the result of dirty air filters that need periodic cleaning or 
replacement. Emission from cooking or tobacco products always need to be removed. Left 
alone, they accumulate damaging materials, causing odors, and in some cases increasing 
cancer risks to humans. Particles from the outside are constantly being tracked or blown 
inside. They need to be removed through cleaning and maintenance. Before energy crisis, 
most buildings were designed to provide maximum comfort to inhabitants. Heating, 
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ven!ilat�i;i.g,, ci:nd. air c;on.4itip.i;ii�g�sy���m�1 w;e:r� de.signed . . t�. rpr.�vide f:uesh ·outside· aiF1for1 each • 

building occupant. Later, buildings have been designed to Sfl.:V�; e.nergy,. 'fbe si!le of spaces1 for 
heating, <j.p.d cooling has .8een.Jedµce$1,. ,an�1qut<i\<;>or, :a�rV{'),J,::i,W1;1JiQP. \qw�r�d:-:)(1,,oreii>:Vt:Jr, piany 
ventilation systems do not effectively distribute air to peopl� ir�)J,u�ldil).gs1rln.tideq�a,te jW � 
diffusio� .c°i�bined 't'i�J,v14 d�9ec\ 1v,�ptilaM0 c�us.es, pqHut�RPi Jevel� tq, &f PW and, as p9Hutant .. 
concentrations rise, so ao health complaints [1]. As already discussed, many indoor pollutants 
come from1s91 �i9� insid1�1�b� .. pu;ilding, while otherfljma:y. eµ.tp ·th Q ildiiJ.ig�!wiP,l m�t.Qoor air or 
from the sog., Ip,d�W 1 F VJrOJU].�Wt_�d i!� P.�_Llu�aµ.�s ill"� .P. yS i1te in t�.�rf.iguro ·�:· n _ i, , ·" ! 
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Bu� ,cjipg�,JiDBY'.l�1i,se µli;Ie�s �� thej.r-s�c,otil.p�nts1 rgd�q.iDg ymptoms· li�e. irrit.1.tio..n .imthe nosej 
throa:�, ey.y_s, �d �!<,!n, <,t_s 'YPll a ,sh911n�s , of1pri;::��; .p.a_!,l��a, diJ:?:ine.i:;s, a.n4•fatigue: The.seJ rr, 
symptqi� 1ar� ,c�mtp nly:;r�fyq. d to-1a. · tl}e,siGk building syndrome (SBS.) .. Suell i lness ..is 1, .·;. 
usually minor and disapp�ar�; ��ep th�- fj>µfift.Wer,,l�av:e� tbe.1buUd.iµg.�L0w lrat�s .. ofrventilf�tion 1,. 
are often mentioned as a conlnbutory factor. Allergy to indoor air contaminants is the main 
SYiJt,�row�;qf �ic� p�1ildings1 Jl\<r§tii!tPPtrunin�ts. c;au·b�,jn the :forilill pf,fln.e!dust, Jutnes:, tib:ers; 
odors 10� gas11s .wJ.iic� are-,µ<?J� ,re:mov�,ct,by, air,�on(iitj;�Fli:�1g. flltel)s;.�li. oleaililMi!§. w , r, ·- r; · -'· , • : . i 
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The. Wof.l,q ,tlje,�l�4,9rga11��tion; 'All-& q�fJ.P..flA:the, sic); ilJ>.1.l.il<ilingisyndr.��, as an exces.s,ofJWouk' ! 
.r,el�t<:19i ip-���tions ,<?,f,tp� r!:IIP.Q-_an� 1IlU,C,�1,l� memb.rafles, and·otb�r symptgms; int�udimg ! ii •. , , ) j Ii i 
he�q�c,:)l��· fflF�gue; iW}.� .d��_,vhl���l ,9�n�yl}trati�,; li�Porte_(:f PYJ worker�: b\ model'p'.;Otfi�e'. 1; , ; .! 11 ii; .1 q 
bml4p1,gs .[�].· Jqe, cer.m s q1 J?m!P,�pg �}'Jlld�·o:i;ne, fa\escnbe� _ar�9�1e9t1on 1Qfnon-speci'.ffi!c: '' ·, I�: 1: L 
SYll;lJ?1tqrris., T,h�se �)'JJlptom,& h(ly� .bc;:ep gi;guped1ip.to1 five qi:itego_d��, &3] l .rn , '� L 11: 1<", . '  ! ; , 1 
• sensory irritation of the eyes, nose, and throat, including dryness, pain,: stilllging .. ! .r:' ·Hf '.ic • 

sensations, hoarseness, and changes in the voice and in sounds from the respiratory 
system 

• skin irritation, including blushing, pain, stinging or itching sensations, and dry skin 
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• 'r .neuroti(;1 Sy.Jinptom�, SUCh�.!HJ�ead!che, rtauSed?C:itOWs-ineSs;' tiredness, fothatgy; reduc�tl 
·u: mentiµ capacities� a;ndftttignw . . ·I 1,); r.i'··"· "i.'.-J.·:.; ·' ;'. .. , , ; , ; , ,, • -•;. 

• unspetiifi<: h�eractivity reti�idtis, 'sMhas 1turinyr�es, rtihny nose;�trtd asthrrid2H�e , • · 

symptoIWs'.tlrm!>h�frt(f)li�asthmatid(;)qm ;;f;')'J;I '.k' , , ', o.J:J!:·. ;(i', . , I r··r' I 

•1 r [,;J<'idbr or taste: c'Omflliei; fodudihg- �h'fonge's' ill odo�'or tast& 'anti ·tjb.pidisant otloi's & tastes. 
r;,\-f:JIJ�\.oq . ; 1 1 i y_ 1 i ; J ., ! .. - .� · ( t <J · I L V : " ·,�</ r1J· l_J,. !ol(. IU. il 

On the whbte, �seatd1 ha§! b�eii fob\ised o-U the .. workplace whe�e· :ill�dia attenWo� '.to' �li�k 
building syn&ome Citiginated; but:SickbuildinW syndrome i� riidt1fl:rn 1exC1usi�e domain of 
modern air-conditioned offices. Inadequate fresh air supply and uncomfortable conditions can 
also be found in naturally ventilated buildings whicq often receive less fresh air, and certainly 
less filtered air than mechanically ventilated structures. Maintaining comfortable thermal 
conditions can also present a substantial challenge in naturally ventilated buildings. Sick 
building research has identified a numb�r of physical a1j1d �hemlgal factors that may combine 
to create an uncomfortable indoor envuq�e t. W\theut some idea o{ backgrow1d pollution 
levels, however, anomalous conditions ar� itnpossible'to ascertai!!, Tl1t!-Rl�thora of building 
styles and conditions, coupled with the \'.aftt range of indoor pollution otirces, the number of 
reactive and the impact of penetratin,g.Out:clo_o .1pollutarits-provides indoor air researches with 
enormous challenges. Over-�mp_lifieatioll�can' lead to m1isdiagnosis, which may prove costly - ....,. (,- filo. ... . n• lC),.I\._ t�(' \ � 
in time and money and produce futura. dysigii pro bl ems , fu particular-; the1 removal of a ·single 
pollutant or pollutant source wiLJ,<io little.to r duce.the �cidence of sick building syndro1t;1.e 'if, 
as it is 

.
so

_ 
often the case, ft,he ca�ses of giSk bµ�\ding '.sy�tlro�e are m�ltifac�orial �� probably 

synergistic[ 4]. , , , . o•''""" . 1 .;.: , • ' r:o')'W'''- ( ) ·• 

I f J .• :- 1 r· 
CHEMICAL POLLUTA.m's-RANKING ' -

. _. .. . 'l ' I . -,. " - ' 
Poor quality indoor air i;tbel.ietec\ tq b� resp0Js�le1rbl � subst�nti�l .P.ar:t of.�h� sic� building1 
syndrome that has beeJ1l report . d 1 oyt ihe"iqdoof· environment is extrerliel¥ complex and other 
factors also undoubtedly codtribuie to the probl�ni. l.T!ier�al conditions such as temperature 
and humidity, microbial agents such as dust mites and chemical pollutants can produce sick 
building syndrome symptoms in the indoor ofbttildiri.gs.' The term:sicko-iiilding·synfuom'e'l\.as 
come into vogue during the past several years and refers to a range of occupant complaints 
and illnesses. Classification of health effects of indoor air p�lutibi! is p6ssibit! 1tb irttrodute : I? 
from comfort point of view. The cause of sick building syndrome remains unknown, although 
itis likely ,;that 'tihere are .lconm<;tit'>hs �tween pgych�·�ogiCal'.{lictei's;· ·i't11adequate veittihibbn• •I 1 
and the level;of:hygiene in the:bltildirt�. F<t�riicientified·:as'possib1e causative·ageritS.are1 c'. li 

indicated'ini'Fable;l .. �slii cottch:ision dfl�veraN·esealt?i>rep&ts: Based oii' lli.e�remeht� "' 
ranki.ng:ot:seleeted:chemiCal•poliutant� }SJsuggesre'd'.m Table:.Z'f5;.6,7',8]. �)[,I; rvr ffl i I : " ' 

!tj;,!fi '.Jrlt ;>,i �J u:>r1i•·1rrrn1n:: :i.c ·:n•)IJi•i UJ "{l_�·1:.ii1,', .i' ';.,'� •(ir :d;·•.'1; 1:' .· .. ,; :J:.lf"ort:�·IJI I'::: 1') ·.·;·: 

Wi ttl ·regard I to .oarbinogeltltf}'I : f:adoti find I eiiVirottinehtttll fobaec'b' 'shiok'e � (f3T� )11inel bdili.�1 §'ofi\e 
of VOCs as major ·CX!>IM}lfohent-s�otlstitfilei'11ii�lnoh· occupational 1irido'dr'-air riaffiitaµ\l! ;�.itll t (J 
greatest risk to human health because of both frequent exposure and probable health effects. 
In ll:OntJTast��t'isk-s b¥ dth�lt well 4atown �ncleot>ali-�pti�filtarlts�like' Oder§!, fltirb� iiiC'f bz'mie in�' i 
non occupational-1settings( were �unietlt<j.be •loW6Ft Finally; se\krtl(6ther�eheiliic�l m�bc,>r ·air 
pollutants· wererputilll.tb' no .Categ�ry: olf-riS'k fuiaitl.lijil beoa'llsei(?fa facle 16flSufffc'ient1 exposµ[e'; i.' 
data. OnJUbie ��e :of)dttriltlea•e1rients1 it--is possmlei'Ki 1tssu�6·tHa� o'-ierisifilridatd�. :ekf)dslife . . I 
will be obtained in mote'-tha:r1°150..o/d-builditi-g1:i" ilir1rali6n,'n'ittogerfloxil.fos afid volatile 8rgamc > 
compounds�(9:,10,J:.l]ti1;q i. • ::1: 1b � T!J:.l::,1i ' · ·<'I no;; .'.ic(.f! .·'.'.J'(�• '.11.:1 : .  r11)il··.tfrn '" " ·  · 

.r)�; n <n ·. 1:11;··.c:)n �:fJai: :·: •rf L: L :.1 );c / �j:r: ( i �-��-_,.::-·.�!'..) 1Jt1'.� .r:�· :·') . . :.·-;or! - '' ;J;Ji: ":J�· 
::.ii, , 
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Table 1. Indoor Air PollutanfS' 15,6/7;& J ';l ·i;: ·t·"ri;., irf, ;; () ;:J·rul'.G'.3fli �; 1Th r1t. d .�1- rr1 'iJi· ,, .• 

�Pollutants C J''Vr�SOtl'tce··iC :i�T '! j21 "iffealthreffects;1(1'1 r1nfw I ·;iReadioh.1·; I. 
! ' eo2 1 11_ uilianscr (; , lf • '' ih lfl t 'SB-8211(1'.J �J 11; :.:J l':Ji I l'/1 ''20lllfortll I I /J'l'., L 

RH, Tern eratur� · 1' :.;·11rservices';<;r'h1" -" <'il:J;.; ugoom '/ll ·1fr1r I'll; J '''.':.tiri '.:Jf!i ,',fl: :lei') 
Odors SBS 

)1/ } • 

Table 2. Ra�11g_of selected chemical ollutants 5 6,7 8 _____ ......... _._..,,_... _ _.. ............ 
Pollutants Frequency of Health effects Over standards · 

. • · : . . . i · 

;; (:.o,;;11:i; 10 dL ·inr: : .:1;3,r ·'1i1U ••[l!'XHJ l1D�ed rn: 1JiJrl-w ;1 ,'v'.11 ;,;:JuLmq ! .• :1> : : ,,, .  , ;, •.1f: 'l'." 
DISCUSSIONill1· ' ) ,, •1i1� ;.; . ;  · ;'· >ltJf! b:;1::rr11tc'J w �nlel2 ·_,'[j� ::J�i:;q, iOobr: �id1'1'.J 6;n::i1r· 

; '''1- l 11"·'1 ' ,,., .. '"11· Jrr· 111' J JI· · 1'1 ' · · · · 
j 

· ·1 v J·...- ,;1·J , .. ",, 1 J1 ,J • .  •, 1 ' -' ·''-' t ; ,  :r; ��J rtJ . •  Hf ; .::cHrO'JJ'JO .:.n:JiJOJi u:iJG :;"I ?.'._:•t1 r;ur, 
With regard. 11l©rboth,'. e.x:posute �a:ssessmoot1and1h�altbt ,<;fff@CtiElS�$:ID�lltri tP,1trn,Js1W?� 1!>.Wf�ci��� ,:-, 
data for most the commonly known indoor air chemicals except for radon. Radon is one of the 
rare examples of agents which leads to scientifically accepted hea!tlrjjff;e.Qf:�\1wJer, 1 · l: c, ·i'.')/. 
environmental exposure situations. From legal aspects, existing proposal for indoor air 
standards: of nadpDI criefer1to the-Europea.��vCon:mi·i�-�<l>n.1L l:2] &nd1 to:t�� Sh�Yc�fJeltJ.lt)),. �JiY:i.e� t• iT 
Ministrjr,Siarn!l'd1'difl3� is deSGr.ibed1in1the,Table\3.r EY r n: 1 L>:Jftnq :::rrr;:.,;o, 1ot 'H;1; : t ,;.('!"+··\I 

e: .Jdi ,ord! 'i , , ; H r.,ici:>11.ii .ifiJ o;:IG 2 l11r;t; i 
. 

Table3. Indoor radon limitin ex . osures 
Slovak standard 

Buildin under construction 100 

Existin buildin 200 
. .i10' 1 c ",ui I.� 1." '•!iu'' fi; v1i/1;;1() ·1,/\ ,o<J/J;,' !'1 1rr· rrr:j,i.,·:r11d1/ .'\i;l(ll JI! .rmrnd./i 

( !-;_ '{'( ,:.J ,j��u./i }'r:f'l'J:.J•li,1J,rd /r;)11:J[llfl<ni'/fril 

Until noW. thete;is hbrgeneiral1c0dsertsnsr oh,wha'll risk!!level Afighhconsti.tutei:a health: ha'.la.t:d. It: 
is necessary to say that standard ikmiting: value ;fieeli Mtue cMiceiiVed (as .a 1linnit ·value; blJto J 
upper value<of; cipiima:Hza�mg 1aitema�iwsi wHit:h ;shoulcH€ad inl pt.ttctilde to·n.ow kxeJR t1\'$l (''1 c. 
possible. According to the 1992 Slovak Standatdfov i�qoor mdoh;rillhe!Yl:llUe \ofJ,00-Sq;m�i 
was exceeded in 57 % indoor spaces. Maximum level of 981 Bq.m·3 and the average radon 
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activJ.!y of 9.? J3g.m�_V{_e�e me�su1ed. On the other side the •le-vet.of 2QO Bq.�-3 was exceeded 
ontx_iml0_¥<i. �he rad�n concen(t�tiop in.atmospheric air._;wi&._�tween 5 - 15 Bq.�-.3�-These 
screening,measurements are conslsteat with the results prev.,ou$ly obtained [14 15]r"Radon· 
dbtains "the Iligliest pribi1iy {n rru&iJ,g of sefecte maoor-c ��,-nie:al pollutants. ' . - . -- . -- - - .. - - .

.. . . ' . 

;• � • I  
f}. �ew voes wfilch are reco-gniieq hazar ous occ�t en)'.'i!opn;�fitally d: levels at whip!J it is 
be . eved they conStifufo a nSk fo�e1ilffi. "Principru among try��1e ·J:?enzene and formaJd,ehyde are 
also su�peCt . r l;riiting V<,\ll,le W'JS ·gene· a1J;y exceeded- -52 %_ .. nrloors for, benzene and 

• I � • '• I � 7 Jlt, r/ ' ·� l! t J It J;rr, 
formaldehyde. Frequency orthe ef'.1rsure 1s increased-and (JQ�·bfe healtih effects--are 

- # • � ,, - " l l' .... I \  I exp" ec e . ost of the sruaiesanrl-health"effects de"S"cribed so far are due to single compounds. �'!". II '(' 1· • 

1r.re��ty P
_
�o�Je"are. exposed 1o m�. )%e·s-butwe still �?...Y very·li�.l�

J
detai le�·to-��?\?SY 

about if. Concentraflou ofb"enz�ne; fo,rmatdehytle and-other VOCs recorded m bu ldmgs 
i -door envit1orunent were much 'i:iigf1er respectively than �bncentrations outdoars. · 

.. , -r 1 n · r: ... _ _ . · �ii H . _ _ l ''J·,;1 ,.. j 
.• 

, 

Nitrogerroxides·as ch mica-1 poll�tfuit-:Witb increased frequefioy· of.exposure aed pos�ible 
liealth effects· were like VOC5 aldo· dassified to ·second· �· iorify. !;1h:titing value for indoor. 
N x concentrations was eKceeded'i ·: 54 % 9uildings. J:he1p1�dblem become serious in short 
time exposure concerning to combustion and this probably involves a certain health risk. 

RISKASSESSEMENT- - - ·;.;�:'"·-· - .. -II' ,, . _':. '11'1• 'i ·: �·-J '1 :.1, . . ,1 
: ; �t ·U: 1: '1 : 1.-'.'� •c� '' t'<. l'.l C ..,• .. ' ') 1 I ·, •1 ,. f · / ! • · " � I ' .. I . ' • � · • ' 

Since·indo.or·air qu�litie?a:ff�gtfdirect y-people's health, lt sbould'be�taken as.axisky factor. 
Missing its-impor-tancs-can �a11se hazardous ei:,ti' �ts�from headache.to death of a_pers1on� To.. 
identify f!pd control the BSky conditions, indbor att° Ualities cari.1be Covered by Risk I I 

Assess�wJ.t . Adve+se health �ffects of monitOred' or suspectetl' irldder air P,OlilJtant&11 groups f 
. 

11 I � • r. J " • ?f oGcupapts who ate affected, sourc9 that a e lil{ely to release �l'it pollutants, �Qd pQ�s1bl� 
spaces thapndoor air.p.o.llution_accurs a.i.:e exru11ih�qj:p.,Q�tail 'and·determin'ed by i:�sk.i ) 
· dentification. Emission rates!·concentrations_a:nd bon1binations of indoor air pollutants 
occurrencb of exp.O.Sur.e in long or sh9Jit tenn, i\llld lef.fec:ts . f r�s-glts of indoor ah- pollu_tion-on � 

people's health and productivity, non-human based occupant's health (animals or plants) or 
contents of the indoor spaces are stated or estimated during risk estimation. IndooLaif ;� r ' 
qualities related actions, outcomes, exposures and results of all actions are judged by giving 
ra.Ilki(·Whlfol:i �e bl:'iseclJon:varioU8·oriteF.ia it-01�betn·On1oome scale'.during<risk evla!luation. ·1, 

111 · l ,  ·11., : 11. 1 • ·i ;rr.··1'J �[1 •• 111 .id ,:r: 1•11 i;.·j. · ;;, . ,,(1i '" 1• ;0 ·· . 1, 
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