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Introduction

ln Vienna, the capital of Austria, winter smog epi­
sodes during the 70s were related to increased daily
mortality from ail, card iovascular and respiratory
disease at age >70 years. These increases related to
S0 2 were found independent of increases related to
influenza and/or low temperature [1]. During the 80s
S0 2 was reduced in Austria and relations to excess
mortalily disappeared, however, respiratory symptoms
in children were still found increased by outdoor air
poll ution in Vien na, independent of increases by
indoor air pollution [2]. Small airway dysfunction showed
doser relations to outdoo r urban N02 than to S02
and TSP [3]. In urban districts where only S02 but
not N0 2 decreased , no improvement of lung function
growth could be proven [4]. Recent epidemiological
results showed heal th effects of fine part ic les [5]
which have not been used for routine monitoring up
to now. In order to find better health related indicators
for surve illance of urban air quality, the Clean Air
Commission of the Austr ian Academy of Science set
up the interdisciplinary AUstrian Project on Health
Effects of Particulates (AUPHEP), which combines
epidemiological studies on mortality, morbidity, child
health and lung function with research on aerosols
and gaseous pollutants in the three largest Austrian
towns (Vienna, Graz, Linz) and a rural control area in
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Lower Austria. The following first resu lts focus on
ch ild hea lth an d lung function mon it ore d in
1999/2000 together with air qualily in Vienna.

Methods and persons

ln addition to routine ambient air monitoring for
TSP, S0 2' NO, N02, 0 3 , CO and meteorological para­
meters (wind speed and direction, temperature, rela­
tive humid ity , precipitat ion) a special surveillance
started, after intercalibrat ion exercises on June 1st

1999 at an urban station in Vienna and 'a rural stat io~
in Lower Austria. Mass concentrations were measured
continuously by TEOM (R&P) and B-gauge (Eberline)
for PM1.Q, PM2.5 and PM1Q. Gravimetric monitoring of
PM2.5 and PM1Q was also performed by high volume
sampl ing (Digite l) on qua rtz fil ter s analyzed daily
for ions (Na, NH4, K, Ca, Mg, CI, N03 , N02, S04,
oxalate) , total carbon (TC), elementa l carbon (EC)
and organ ic carbon (OC) ; 32 d iff e ren t organ ic
compounds and the heavy metals As, Cd, Co, Cr,
Cu, Fe, Mn, Ni, Pb, V and Zn were analyzed from
rnonthly filter extracts. Samples for the analysis of
20 PAHs were taken on a randomized basis. Monthly
benzene and 2-weekly NH3 was collected by passive
samplers . Particle numbers were counted conti ­
nuously by condensation particle counters (CPC-TSI).
Over a winter and a summer month period cascade
impactor campaigns were conducted on a daily basis
for doser investigation of the size distr ibut ions of
particles and their chemical composition.

Time series studies are performed on daily morta­
litY (death certificates) and daily morbidity (hospital
diagnoses) of the general population; on respiratory
symptoms and signs of >1000 elementary schoo l
children living in the vic init y of the air monitoring
stations; on lung functions of 232 elementary school
children and of 61 kindergarten children living in the
close vicinily of the air monitoring station. The following
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results on the children from 5 kindergartens around
the air monitoring station in Vienna have been observed
between September 1999 and April 2000. The lung
function test used in these children was time to peak
tidal expiratoryflow/expiration time (tPTEF/tE) measured
by induction plethysmography (Respitrace) which
has been proven to be an early indicator for airway
obstruction in young children [6, 7]. Personal expo­
sures from indoor sources were assessed by standar­
dized questionnaires and analyses of cotinine in hair.

Starting with the half hour mean outdoor concen­
trations of air pollutants 24 hours/7 days before each
individual child's lung function testings person-related
exposu res were calc ulated. The resu lting daily/
weekly means were used for a time se ries study
ass uming auto reg ress ive correlation of repeated
measurements of tPTEF/tE.

Results and discussion

The following means (± SO) were found in conti­
nuo us moni torin g ov er 366 da ys for pa rti cle
nurnbers/crnê: PM, .o; PM2.5 ; PMlO ; S02 (lJ g/cm3) ;

N02 and 0 3 (ppb) in Vienna: 26217 ± 9686; 14.8
± 7.7; 18.5 ± 10.7; 26.4 ± 13.3; 2.5 ± 1.6; 16.9 ± 6.5
and 24.7 ± 11.6.

ln the rural control area the corresponding figures
were: 10320 ± 4358; 12.8 ± 6.7; 14.6 ± 8.5; 20.7 ±
10.7; 4.0 ± 3.0; 5.1 ± 3.5 and 26.1 ± 10.6. Particle
number concentrations sho wed diffe rent patterns
than particle mass and correlated with N0 2 (r = 0.6)
significantly in ail four seasons . In the rural control
area this correlation was found in winter only.

For Vienna, Figure 1 shows daily means of PM1.o;
PM2.5 and PMlO which peaked on Oecem ber 25th

with 75, 96 and 105 IJg/m3 . Even more pronounced
was the increase of particle numbers (CPC) in winter
which peaked on January 18th with 62835/cm 3 . No
seasonal pattern was observed in the rural control
area (data not shown). Aiso the carbon content of the
PM2.5 fraction was higher in Vienna (32.1%) than in
the rura l area (25.6%) and theTC and OC in the
PM2.5 fracti on reached highest values in Vienna in
winter and peaked on Oecember 10th with 23.7 and
19.5 IJg/m3 (Figure 1).

Examined children from Viennes e kindergartens
were 3.0-5.9 years of age (mean 4.8), and 55.6%
boys; 54 children had at least 3 examinations (mean
12.9 examinations). Parents reported on respiratory
symptoms of their children in 43% and of allergic
symptoms in 13%; 44% of parents had higher edu­
cation; 56% used single-story heating systems, 83%
gas for energy supply and 53% used agas stove;
68% of children lived with at least one smoker and
were exposed to environ mental toba cco smok e of
0-40 (mean 8.8) cigarettes/da y in the hous eho ld.
Cotinine ranged from 0.01 to 34.2 (mean 10.6) ng/mg
hair. In 62% of children a level of 2 ng cotinine/mg
was exceeded . In 80% children also attend ed a
kind er gar ten wit h smo king pe rso nne l, but the

numbers of cigarettes smoked there (0-4'0, mean 22)
did not show a positive correlation with children's hair
cotinine so that no important ETS' contribut ion from
this source (sepe rate rooms for smokers in kinder­
gartens) can be assumed.

Oiaries kept by kindergarten personnel showed a
mean absence rate of 17% (20 of 117 registered
days) which was highest for children whose parents
had reported to live at roads with very heavy traffic
(20. 3%) compared to heavy (19 .3 %) , med ium
(15.7%) and low traffic (11.2%). This might indicate
an influence of motor traff ic exhaust on sick leave
f rom ki nder garten . Some di ffere nces in mean
abse nce rates were also re lated to the heatin g
system (indicating air pollut ion from indoor sources):
single-room heating 18.4%, sing le -story heating
16.7%, central/remote heating 13.5% absence rate.
Oiaries further showe d a mean incidence of 18%
days with colds whi le attending kinderg arten . In
19 children with respiratory infection at a day of exa­
mination 27 of 120 nasal smears proved a virus
infection (mainly Rhinoviruses). Virology was positive
more frequently in children from lower social c1ass.
No Influenza, Parainfluenza or Respiratory Syncytial
Virus was found during kindergarten att endance.
Therefore no severe confounding of our results from
virus infections can be assumed .

Tables 1-3 show effects on the lung function para­
meter tPTEF/tE estimated after exclusion of a posi­
tive virology on the day of examination.

Table 1,
Effects on tPTEF/tE (~) .

~ P

Sex (male) 0.85 0.544

Age 0.49 0.615

Social status (Iow) - 1.66 0.338

Temperature - 0.12 0.141

Breathing Irequency 0.11 0.403

Phase shift 01 breathing 0.11 < 0.001

PM,.o (TEOM, 24 h) - 0.10 0.060

P: Level of significance.

After adjusting for sex, age, social status , tempe­
rature, breathing frequency, phase shift and kinder­
garten (fixed errors) and observer (random error), the
mixed model sho wed most pronounced negative
effects for increase of PM,.o (Tables 1, 2). For total
carbon (measured in PM2.5) the negative influence
on lung function was significant (Table 2, p. 386).

The negative effects of PM1.Q seem to be acute
effects of peaks, because they were less pronounced
after averag ing concentrations over the last 7 days
before the lung function test (Table 3, p. 386).
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Figure 1.
Mass (PM1.o. PM2.5 . PMlO) and number (CPC) concentrat ions of particles and total carbon (TC).
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Table 2.
Elfects of an increase in number (CPC)/mass of particles/carbon on tPTEF/tE ( ~) .

24 h epe PM, .o PM2.5 PM, o Te

~ - 0.07 - 0.1 - 0.07 - 0.03 - 0.21

P 0.160 0.060 0.091 0.241 0.03

P: Level 01signilicance .

Table 3.
Effects of an increase in number (CPC)/mass of partic les averaged over 7 days.

7d epe PM1.Q PM2.5 PM,o

~ - 0.13 - 0.08 - 0.001 - 0.009

P 0.098 0.415 0.979 0.840

P: Level 01signil icance.

The only air pollut ion indicator which showed a
larger negative etfect after averaging concentrations
over 7 days was particle number concentration
(CPC). This can be seen as a trend (p-c 0.1 ), but did
no t reach signif ican ce in our small sample of
children. No other air pollutant monitored (S0 2' N02,
0 3, NH4, S04' Ca, etc.) showed a trend of a corre­
lation with airway obstruction, neither for 24 hour nor
for 7 day averages.

Studies on health effects of particles have been
critizised because of their conclusions on groups
of very heterogeneous particles [8]. The results of
this study sugge st to look mo re clos ely into the
carbon fraction of fine particles when analyzing acute
res piratory effects on ch ildren and to inc lude
surveillance of particle numbers in monitoring of air
quality.

Conclusion

ln time se ries studies on Austr ian children we
attempt to detect early health etfects of PM and to
find bette r indicators for surveillance of urban air
quality. Kindergarten children (aged 3.0-5.9 years)
living near an air monitoring station in Vienna were

examined by questionnaires , interv iews, di ary,
13 lung function tests (calibrated respiratory induc­
tance plethysmography) , hair analyses for cotinine
and nasal smears for virus infec tion . Afte r adjust­
ments for confounders an influence of particulate
carbon on lung function was found significant. There
was also a trend for total particle mass to impair lung
function, more pronounced for particles <1 urn than
fo r parti cl es <2. 5 urn. These impa irme nts were
dete cted when mass partic les was averaged over
24 hours before lung funct ion testing . The only air
pollution indicator which showed a trend for negative
effec t after averagi ng concentrat ions over 7 days
was particle number.
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