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ABSTRACT 

AIVC 12144 

Exposures to respirable suspended particles (RSP) and both the particulate and vapour phases of 
environmental tobacco smoke (ETS) were monitored in eight European cities. Over 1500 
housewives and office workers participated in the studies by wearing personal monitors over a 
24-h period to assess exposures in the home and workplace. Based upon median 24-h time 
weighted average (TWA) concentrations, the most highly exposed subjects throughout Europe 
were office workers living and working with smokers. The median TWA RSP, ETS particle 
and nicotine levels for these workers across the eight cities were 58, 12 and 1.2 µg m·3 

respectively, with highest RSP levels found in Barcelona and the lowest in Stockholm. 
Similarly for housewives living with smokers, the median RSP, ETS particle and nicotine levels 
were 52, 4.1 and 0.63 µg m-3 respectively, with lowest RSP levels in Bremen and highest in 
Turin. ETS exposures were highest overall in the Mediterranean cities, Barcelona and Turin. 
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INTRODUCTION 

Exposures to respirable suspended particles (RSP) and environmental tobacco smoke (ETS) 
constituents have been reported by these authors from studies conducted in 8 major European 
cities: Stockholm, Barcelona, Turin, Paris, Bremen, Lisbon, Basel and Prague (see 
Phillips et al. 1998 for references). The studies took place between December 1994 and 
November 1995 and involved subjects using personal monitors over a 24-h period. ETS 
particles were estimated using ultraviolet absorbing particulate matter (UVPM), fluorescing 
particulate matter (FPM) and solanesol related particulate matter (SolPM). Vapour phase 
ETS was assessed by simultaneous measurement of nicotine and 3-ethenylpyridine (3-EP) 
concentrations. Saliva cotinine analyses were also performed, primarily to confirm the 
nonsmoking status of the participants. 

The studies focused on assessing the exposures of housewives and office workers by 
obtaining accurate measurement of air concentrations. In this publication, data have been 
combined from all eight cities to represent the whole of Europe. This larger data set for 
Europe improves statistical power, particularly for the Cells where recruitment was difficult 
in some cities. Data normalisation has also been performed to compensate for the different 
limits of quantification (LOQ) and response factors, thus allowing direct comparison of 
exposures between both Cell and city. 
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METHODS 

Full details of the personal monitoring procedures and analytical methodologies 1lPPlied to 
these studies have beeilAp_ublished . .else"?'here· (Phillips et al. 1996). Briefly, the subjects that 
participated in these studies··wer recru. ited by established marketing agencies in each city, 
who randomly selected subjects 'in.at�ll'fug : .tl;l.e_stu.Q:>: protocol from a representative sample of 
the population held in th�ir own datab0ises. s�t)j�bti weye�categprised as either "housewives" 
or "office workers" and: were further.·.subqividea into 6 Cells"btised upo.l\'the smoking status of 
their workplaces and/or h�mes!· .A household 'asiciassified as "smofug" if a smoker of 
cigarettes, pipes or cigars was resident and a�?E;. no��ll,Y smol��d witliir{ communal areas of 
the household. The smoking status of a workplaC'e Was· �efined--by ... the absence/presence of 
smoking co-workers within 30 metres of the subject's workstation. These definitions were 
chosen for consistency and to best represent 'real world' situations across the different cities 
studied. Housewives wore ·one personal' monitor (Ogden et al. 1996) and office workers two 
monitors (one at work and one at all other tim��). o.ve(f!. 24-h period. In addition to the above 
procedures, observationa) diaries were analysed to identify subjects who observed tobacco 
products b-eing smoked whilst th y were wearing' their' ''Jfome" and, where applicable, "work" 
monitoring equipment. This allowed Cell categorisations to be further refined by rejection of 
subjects whose diary observati01;1s did not correspbnd with their initial Gell assignments. 

� ', � " .!. ' 

RESULTS AND DISCUSStON · 

As depicted in Table 1, the highest and most coiisiStent recruitment occurred for Cell 2 
(housewives from nonsmoking households) and Cell 5 (workers from·· nonsmoking 
households and smoking workplaces). The high recruitment for these Cells was probably a 
reflection of the European lifestyle for nonsmokers, indicating that. subjects working in 
smoking workplaces and/or' living' in nonsmoking b.oii.seholds , Were most prevalent. 
Recruitment of subjects fot6 Cells t; 3 arid 4 proved·,yery difficult iii Stockholm due to the 
lack of smoking household.$ .. ·Foe Barcelona, it proved .impossible to rei;11,1jt the planned 
number subjects from nonsmoking worlCplaces. Subjects living with smokers and working 
with nonsmokers (Cell 4) proved to be the.most difficult to recruit in the majority of the cities 
studied._ 

--

. . 

TABLE I 
.Subject distribution by Cell acros&European cities 

Ce IL Stockholm Barcelona . •  Turin .. - Paris Bremen _ L,isbpn. Basel 
1 (SH) 9 43 -�6 51 21 24 26 

35' . ·42 . .  47 44 60 .J, .· -55 60 

Prague Total 
'�; 54 '. 264 

39' '383 I 2 (NS"H) 
3 (SHtSW)�1 2 ,,. 25 21 ; - 45 18 ·' . '28• '·-�25 - ,' '' 64 ·.� •. 228) 
4 (SHfNSW) 10: J . 1·3 _ 9 �.�� ·1'3 6 . 

- . ·' 7 14 ''� -! .:. 13 . 7f;i 
5 (NSHfSW) 53 ,", 36 .. , - 51 �(l;--59 .... 149 .. 61 - 43. - 48 . ,.��po 
6 (NSH�NS}'V) 7:3 5 24 10 36 71 28 

. 
20 217 . ' 

Total W2 1'54 188 222 190 197 196 23A .: 1567" 
' -"L 

The cumulativ� i;equ��cy aistrlb�tibris fcir al(ETS 1inarkers, as 24-h time,.weigfitecl average 
(T-W �) concen�ations? <lfe sp�wn.jq Figur;� 

.
1 . This depicts $e e�pected r��-�� f.o,� P�!"t.iJle 

111;���e��qts, at med1.�� (50%� \�v�ls, ?f �P > �-M.> FPM; ,�9l:P�.°; �The co?::e�ge,n·ce 
of JJVi>M, Ff I\.:f .and SolPM est]matys at h,1gher ,ly�els has _been commented �n prev�ously by 
th.ese �µthors _;��di ipay be a i��i,ilt o� ET�, �artic!�s· �1?mprising a:Q in��e)l.��gly )afger 
percentage of tq� total RSP as part1�le concentrations increase. 

. . 

· · · 

•.1· ... . : , 
. � '· " '.' . "!· ' ·,i"IJ 1.�: -• ·, '. •. r 
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Figure 1: Cumulative frequency.�ist9P¥Ji,O.J;lS; f9r.ETS 'marker' 9onc�ntrations: . 
. �-:!. 

. 
l; i . . J�. ·• ".'; 1:. i �- ' ' l J. : :: ' -Table 2rsho�s thatJ�ell 3 subjects .. (tl,lo�Yi.Jiying and workipg wit� .smokers), experienced the 

highest levels of RSP and ETS. Median ETS exposure levels for these subjects were between 
1.8 (nicotine) and 3.0 (SolPM) times higher than those determined for housewives living with 
smokers (Cell I). The largest group of subjects, those livin� with nonsmqkers but "'orking 
with smokers (Cell 5), had ETS particle exposure levels of approximately half those found for 
housewives living with smokers (C�U 1). This may in.dicate that across Europe th� home 
copqibutes more to ETS exposure than the wo�kplace. ·. " �· .... 

I : , •' 

•(. 

Measurement. 
RSP (µg m-3) ., 
UVPM (µg m;3) : 
FPM (µg m-3) '' 
SolPM (µg m-3) 
Nicotine (µg m-3) 
3-EP (µg m·3) 
Cotinine (ng mL·1) 

' ' ' . ![.': 
·"'· . . .... ; . T�l;-E 2. :. _.· ·, 

M�dian 24 .. � TW. A concentrations fo� .all subjects .bY:Cell 
.? Cell '1 I' Gell 2 . ce11 3 . ' : cell 4) :1 eeJI 5 

(SH) (NSH) (Sl;-i/SW) (SH/NSW) (NSH/SW) 
52 ' 34 ,_ .. 5� '. . ) .·� -1'3!1� 1 ' , �7 
12 '3.4 23 . ,J 7.7 
11 2.1 21 · ' '· '9.5 6.4 
4.1 <LOQ 12 4.3 2.0 

0.63 <LOQ 1.2 0.34 0.33 
0.30 <LOQ -·' 0.61 0.25 0.18 
1.4;, ,,. <LOQ 1.a .. :·. , 1.5 0.83 

I .·• 

Cell6 
(NSH/NSW) 

25 ,,, 
3.5 ' 

J .  2.0 
<LOQ 
<LOQ 
<LOQ 
<LOQ 

- - .... -

The relatrv;�·variation� of· nitetlian -:S:.ts·:�articl� �l�vei�� (s�IPM) 'fr�iif�:the overall Etiropean 
my<J.ian for< Cells 1, 3: 4 and 5 ·are plotfed for each city' in Figure). If aJlowance is �J!iade for 
Cells/cities ;where subject n.umbers were low (eg Cell 1, Stockholm), it is c�ear ··�at the 
highest exposures to ETS particles were recorded in Barcelona and Turin. It was noticeable 
in�'tli�se cities that smoking was particularly widespread and recruitment of subjects working 
in.ponsmo�ing workplaces was very difficult. �remen,_ closely fqllowed by Basel; 'Stdckholm 
and Lisboii�recorded the lowe=st ETS·particle exposures:.-. It would. appear that the highest ETS 

._,-�:i>posure levels.were enco:untered in countries,pordering theMediterranean Sea . 
.)� ! . . •• 

• 
-�" - _:., ', · :· ·:. ;<; �'. i°lL�_\...1,t.' r ;, �-f '/ .. \ .. .''.,'1..1'. - ·  • . : · :  rilr�:,. �. 

' M�diari. RSP concentrati�n:s by city (Figure- 3) ·show a ilniiail)verall pattern'. to that for ·ETS 
'l •"".I ' • �. i• • !" ..- - • • � - ·1 ' . • • � . .. .  paiii91�·s;' wi� Barce!ona appearing to have the h�ghest, · a!i� . . 

Stociqiolm thcr lowest -�xposure 
¥.9iic�ntratiQ�s. 'Median RSP concentrations \vere abo�. 50 µg m-3, the 'proposed European 

ithleshold fdr«>u ·?�of' air, �or a 11:utn�7r of �e�s � B'.ll°�r�
.
���· T��'·.P��· art� P�ague. These 

were the only cities studied with populations ni 1 'exc'ess 'of 1 m1lhon, md1catmg ·ill.at RSP 
concentrations might, in part, be related to city size. It will be interesting to observe in the 
future whether the 50 µg m-3 threshold can be met in some of the large industrial cities. 
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Tile median concentrations calculated· from the "worlc'�' monitor ·by inBividual 'Cell and 
coni.bined according 

-lo the· smoltjng status·
··of the workP,lace are summaffs�·<l in Table 3. - - -1 • 

Median levels of ETS markets were all betwee1r 2.0 •and 2�7 times -higher in ·smoking 
workplaces if subjects came 'lh:>'m «i 

-
·smola'ng1 cohipared to 'a nonsmoking househoia. A 

similar obsei-Vation was made.'fn··a:� recent stlldy:·by t'fiese authors; conduc ed ·m Australia 
(Phillips et al. 1998), where exposlires away fioin either the hotrie or workplac&"were higher 

' - l • 

for subjects living with smokers. In Australia, there was a s'uggestibri that' the li1gher 
exposures may have _been d:ue to subjects spending thei.r leisure time in the presence of a . A . ' .  ' '  

smoking spouse� The lower exposure· levels observed in the workplace for Europeans from 
nonsmoking households suggests that these subjects either modified their behaviour and 
avoided smoky atmospheres or they took steps to modify their eQvironment, eg by opening 
nearby windows. 

TABLE 3 j ;� I . ..... < 

Median ETS "marker" concentratio'�
' in the wopcplace 

�: I '· •. • 

� l.. /," ., • Smoktir;ig workplacels ' . " Nonsmetting workplgces -
.:,,;,,; . .....J�-. . • . .  Gell 3 ) .:Cell.5 _ .. Celli3.t.5.:i). ·--�ll.4 ",Cel.1.9. Cells4+6 

Measurement (Sl:i/SW) LNSH/SW) (SW) (SH/NSW) (NSH/NSW) (NSW) 
RSP (µg m-3) - 63 "� -46 50 28 7.6 ". 19 
UVPM (µg m-3) 25 ) · ·.1 :1 '16. 8.9 '3,;5 .'. 4.1 
FPM(µgm-3) 19 9.1 12 4.1 1.9 2.4 

·�9IPM (µQ<i;n" . '.' ;8-4 3, 1 . . .. , . 4.5 ;<�OQ <LOQ <LOQ 
I N1.cotine (µg m-3) .. ' . 1.5 o .. 56 0.81 <LOO <LOQ <LOQ 

. i 3:.EP (µg m-3) 0.67 0'.34 1 0.44 . :\<LOQ <LOQ <LOQ 
:catinine(ngrilL:1)···�.,. 1.9 0.83 :;:,1.2'- ::.·- 1.5 <LOQ'.::J .. T1'<L<irr.l' 1 

l :;� 
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Similarly in.T.able 4,-.median.arr.c�entratfons . .are :summarised fpt all locations away from 
the workplace according tp the: SQJ.oking status of the \J.ome. RSP and ETS concentrations, 1t I • . .. 

away from the workplacet were . .SJightly lower for subjects fro� a smoking household_: tJ:ian 
those found in a smoking lworkptace. Median ETS particle and,�.apour phase conc�ntrations 
were below the LOQ for subjectslrom nonsm_gking ho�seholds�� t would appear that higher 
exposures were recorded away��m the woriqjlace for subjects�orr(�Jlloking hou�eholds if 
they also worked with smokers. These results �e similar to those-�epeited for the workplace, 

,. • •  t 
and may be que to s�JJj �ts sp_�nding !eisur�ime_.-�ith sn q��_rs:' . ..:.�though a smoking 
household or living witfu. Bi'. smok� may qe the major contributor to ETS expl>sure away from 
the workplace, these data Sl.lgges�-ihat oilier life.style factors_may pJay �-�ignlficant role . 

. , 

TABLE4 
Median �TS "marker" concentrations -�a - froni the workplace 

Smoking households Nonsmoking households 
Cell 3 Cell 4L 

· 
.. Cells 3+4 · -·- Cell 5 ::'. Ceinr· · · ... Cells 5+6 

Measurement .. 1�: (SH/§-yY) (SH/NSW) (SH) (NSH/SW) �NSH/NSW) (NSH) . 
RSP (µg m·3) 52 34 ··""' 48 28 ·' 24 26 , _ 

UVPM (µg m·3) .. ' 16 11 r � 15 3.2 2.8 3.1 ::-
FPM (µg m-3) ...... · 14 9.3 ·-, 13 2.5 t� 1.8 2.3 . 
So'IPr:'M µg m-3) 5.9 3.0 . �-- 5.1 ;, f <LOO c:l <LOO <LOO . 
t-J!9qtiriy (µg m-3) o.�o o,.24 :,. '.' P-�� <L09; � <LOO <LOO 2 

r8-eg fug m-3) ,! :If: OA:9 0.16 I ;� ': 0�'3:1 <LO�.p <LOO <LOO : 
Cotinrne o'" rnW...: :' �- 9· 1� ;.r:'� 1i7; 0.83,. , .,;. <LOO <LOO 

1�:1 -� ''· i � �� �,,' ... 
t -� d�: ··�. 

Diaty ·1' ormaticll i:eve]Ied some subj�cts dbserV·ihg smoking.'!takiri� place in homes and 
workplaces classified as "nonsmoking'': and, conversely, no:evidence-0f smoking taking place 
in some "smoking" areas. Subj,e�ts faJling into eitper categ9ry were removed from database . . .l J. . • ' • • . 

resulting in a 32% reduction of total subject numbers. This refinement led to an average 25% 
increase in jp.�dian co11pentratiol'l_� .. for all ,coroponJn��: i�rthe Cel!� 

_
w�ere subj

_
ects �fre 

exposed to .ETS,.(Cells l,, 3, 4 an9 5). It was also no�ceable that t.h1s mcrease m me(;han 
- , � '· ' � ·  : ... • ) �onc((ntrations varied �onsiderably acco�ding;·!O analyj:r-� f;ro�_4.3% fqr, saliva cotinine to 52% 

:for ;SolPf.vi. F�r Cells c.onsisting _.o� sP.pjects.1pot nonnail)_;.,expo�ed ��� .. J?i;'1S (Cells 2 and 6), 
:;��II refineme11f resultecJ_in � ove.r,iµ I redqcfon in conG,entratioi:i�. Meilian .concentration,s of 
.$0_1?,M . nic�ti.ne,: .. 3,,.EP �q cotinin� if or the�e Cells, were ,below ttie LOQ irrespectiv� '. of 

.hether Cell refinement was undertaken. .. 
--r...;., 0 • .• •• ' • - ' I, � -.. � ... :, ft 

' .. \ . I ' . .. • (�. ( !. ·n 
20, ......... ------..-------------------------.. 

(5 l"' t f 
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Figure 4: Median estimated annual CEs for Cell 1 and Cell 3 subjects.· ".\: 
I' 

In recent studies these author�. have used the concept of "potential inhaled quantity'" Pl Q), 
calcu)ated for every individual 'in the study, to estimate annual exposure to ETS. fn brfofthis 
mod6* _c:;stimates. PIQs using the subjects' measured f'.Xposure levels together 'Y�th �s.sumptions 
regarding time-at work/elsewhere"and gerider dep"eildenf breathing rates. Tile'' riorriiaii§ation 
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procedures applied to the European data for this publication allow direct comparison of PIQs 
across all the cities studied. For purely conceptual comparison of PIQs between different 
Cells and cities, PIQs have been converted into cigarette equivalents (CE) based upon an 
estimated overall European mean yield of 12 mg ETS particles (tar) and 1.0 mg nicotine per 
cigarette. Figure 4 illustrates the median PIQs, based upon both ETS particles (SolPM) and 
nicotine, for Cell 1 (housewives from smoking households) and Cell 3 (workers from 
smoking households and workplaces). With the exception of Stockholm, where recruitment 
for Cell I was problematic, Figure 4 depicts that Cell 3 subjects would be exposed annually to 
more than double the PIQs estimated for Cell I subjects. 

20 -.------t 
35.4 

Stockholm Barcelona Turin 

0 90th percentile SolPM 
•Median Sol PM 
a 90th percentile nicotine 
ra Median nicotine 

Paris Bremen 

I 
1 

Lisbon 

•' 
! 

Basel 

Figure 5: Estimated annual CEs for Cell 5 subjects. 

Prague 

A more representative comparison between the 8 cities may be obtained by examining the 
PIQs for Cell 5 subjects (workers from nonsmoking homes and smoking workplaces). In the 
majority of cities studied this was the highest populated Cell, and in all cases there were 
sufficient numbers to calculate both median ("typical") and 90th percentile ("highly exposed") 
PIQs. Figure 5 illustrates that Barcelona, again, appears to be the city with the highest 
exposures to ETS. A considerably different pattern is evident for Stockholm, which would 
appear to have the lowest estimated PIQs, with only a narrow spread between median and 901h 
percentile exposures. 

ACKNOWLEDGEMENT 

The funding for this study was made available to Covance Laboratories Ltd. by the Center for 
Indoor Air Research (CIAR), Linthicum, MD, USA. The authors would like to thank Carolyn 
Swinton for her help with the preparation of manuscripts for this series of studies. 

REFERENCES 

Ogden, M.W.; Heavner, D.L.; Foster, T.L.; Maiolo, K.C.; Cash, S.L.; Richardson, J.L.; 
Martin, P.; Simmons, P.S.; Conrad, F.W.; Nelson, P.R. (1996) Personal monitoring system 
for measuring environmental tobacco smoke exposure. Environ. Technol. 17, 239-250. 

Phillips, K.; Bentley, M.C.; Howard, D.A.; Alvan, G. (1996) Assessment of air quality in 
Stockholm by personal monitoring of nonsmokers for respirable suspended particles and 
environmental tobacco smoke. Scand. J Work Environ. Health 22: Suppl 1, 1-24. 

Phillips, K.; Howard, D.A.; Bentley, M.C.; Alvan, G. (1998) Assessment by personal 
monitoring of respirable suspended particles and environmental tobacco smoke exposure for 
nonsmokers in Sydney, Australia. Indoor Built Environment (In press) 

350 


