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SUMt i iARY

i 'e  a im c l  thrs  s tudy was to  examtne io  ^1at  e .x tent  s ta-
ttoî,à' !  outdoor potlen rneasurements are representatrve for
esttî dt!ng personai exDL''6ure [o oollen Ten subpcls were stu-
dterl dunng a iotal ci 36 davs rn spnng and summer Pollen
was sampled ttstng personal sKc total dust samplers and
slaitonary Burkard pollen traps The personal acttvtty Dattern
was recorded quarter-hourly as well as lhe ttme spent ou{-
'Jocrs As a re{erence. SKC and Burkard samplers were run
sta! c.ary and rn parallel Statonary companson of the sam-
piers showec good ccrrelatton (( = 0 981 p .0 001) How'ever
the SKC saroier cc-tllected svstemaltcally about four ttmes
less collen il:an the Eurkard sanpler Takng rnto accoun! the
syste-attc i i f íerence belween tne sanpltng devrces. ihe per-
girns 9{posu'e t lata were abcut 30o" ol the stattonarv pol len
cJnceî 'ral ians,vrtk stgntftcdn! c?rrelà[ton, log-transforned data
r = C 119 p .:0 0001t Constoering the eve'age i tme the sub-
iec!s soent ot, t ,Toors t ' . |o" a' !  sanpltng ttmei lhe rndoor-oul-
doo, ra!ro for cctlen rv.rs 0 2 ln concluston. pallen reports are
reitaD,e for esitnatrnQ p€rsonal exposure over a irmttec trme
perJJ althc,ug^ persÒaàl pol ie- f  \ lcìsrJr8 ts much lowe,

Key  wo rds :  P : , i l en  pe rsona ,  exposu re  T rme-ac l : / l î y  pa t -

t e . î  -  3u r< . : : J  samp le r  -  SKC C , r_ i t  Samp le ! '

INTRODUCTION

Rcut rne l ' ;  pub l rshed pc i ien  counts  usua l ly  o r rg rna te
f  ror i ì  s lat tonary outdoor measurement sr tes (1 ) .  They are
usec  marn ly  as  p revent rve  measures  fo r  peop le  wr th
ai lero, ;  and for the al lergist  to determtne the relevant al-
ie rgens  fo r  tes t rng .  a lso  wr th  regard  to  spec i f rc  immuno-
therapy. However.  people spend a large proportron of

the i r  t ime rndoors .  In  Europe.  fo r  example  peop le  In  u r -
ban areas stay outdoors for  only t  h per day (2j .  l t  rs un-
clear to what extent statronary outdoor measurements
are representat lve for  estrmatrng personal  exposure to
po l len .  In  a r r  po l lu t ron  s tudres ,  the  re la t ronshrp  be tween
personal ,  outdoor and rndoor levels have been assessed

[e  g .  NO,  and par l rc ies  (2 -5) ] .  In  longr tud ina l  ana lysrs
(r .e. ,  when fol lowrng sublects over a cer larn t ime).  the
correlatron between personal and statronary polluîant lev-
els was befter than rn cross-sectronal  analysrs (r .e.  when
companng di f ferent sublects at  the same trme).  For poi-
len.  however.  only few studies have been conducted. Stu-
d ies  on  the  amount  o f  po t len  rn f r l t ra t rno  schoo i  bur ld rngs
and dwel l rngs  revea led  rndoor ,ou tdoor  ra t ros  fo r  po l len
concent ra t rons  be tween 0 .1  (6  71and 0  3  l8 t .  suggest -
rng  tha t  the  persona l  exposure  lo  go i rsn  rs  subs tan t ta l -
l y  lower  than the  numbers  pub l rshed rn  po l len  bu l le t rns .
One s tudr  (9 )  de termrneC the  persona l  exposure  to  po l -
len .  However .  on ly  a  semiquant r ta t tve  method was ursed
whrch  marn ly  p rovrded rn fo rmat ron  on  the  k rnd  o f  po l len
specres .  bu t  gave on ly  i r rn r ted  rn fo rmat ron  on  the  leve l
o f  exposure

In th is study we use a quantr tat lve technrque to rnea-
sure  perssnSl  po i len  exposure  anc  compare  r t  to  s ta -
t ronary  cu tdoor  measure f ien ts .

MATERIALS AND METHODS

Ten sub lec ls .  f t ve  men and f l ve  women were  s tud-
red  over  a  36-day  per iod  rn  th€  summer  o f  1998 dur rng
the i r  normal  car iy  ac t rv r t res  Sub lec ts  were  aged be-
t w e e n  2 1  a n d  4 0  y e a r s  { a v e r a g e  a g e  2 6  y e a r s ) ,  n t n e
of  them had a  h igher  educat ron .  e igh l  s tudred  a t  one o f
the  unrvers r t res  rn  Zur tch  fhev  a i l  underwent  sx rn



p r c k  t e s t r n g  w r t h  a e r o a l l e r g e n s  l S o l u p r r c k .  A L K  H o r -
s n o r , r n .  D e n m a r k t .  T h e  s u b y e c t s  c a r r r e d  t h e  p e r s o n a l

s a " n p l e r  f o r  a  t o t a l  o f  3 - 5  n o n c o n s e c u t r v e  d a y s  t  e  .
e a c n  d a y  t h e  s a m p l e r  w a s  c a r n e d  b y  a  d r f f e r e n t  : e r -
s o n  T h e y  r e c o r d e d  t h e r r  q u a r Ì e r - h o u r l y  a c t t v t t y  p a t -

î e r n  n a m e l y  t h e r r  w h e r e a b o u l s  m e a n s  o f  t r a n s p o r t a -
t r o n  s t r e n g t h  o f  a c t r v r t y  k r n d  o f  r n d o o r  v e n t r i a t r o n .  a n d
t r m e  s p e n t  o u t d o o r s

For  persona l  exposure  assessment .  po l len  was sam-
p ied  usrng  to ta l  dus t  sampl rng  heads (Cat  No.  225 SKC
Inc .  USA)  a t tached to  the  co l la r  o f  the  sub lec ts  The
san, ip i ing  heads were  connected  to  a  ba t te ry  powered
p u m p  ( C a t  N o  2 2 4 ' P C X R 8  S K C  U S A t  p r o v r d r n g  a
cons tan t  f  low o f  .1  l 'mtn  and were  mounîed wt th  ce l lu -
i o s e  e s t e r  f r l t e r s  t 3 7  m m  S K C  U S A )  o n  a  s u p p o r l  p a o
Tne pump rvas  se t  ins tde  a  sound- rnsu la ted  box  and car -
r red  by  the  sub lec t  rn  a  smal l  backpack  The measure-
men l  was  s ta r t€d  rn  the  mornrng be fore  8  00  a .m.  and
was usua i ly  run  to r  12  h .  accordrng  to  the  capacr îy  l tmt t
o f  the  ba t lenes .

Af ie r  sampi ing  f r l te rs  f rom the  SKC sampler  were
p laced on  a  g lass  s l ide  gu t te red  wr th  sce tone to  tu rn
them In to  a  t ransparen i  1e l l y .  and covered wt ih  a  th tn
g iass  s i rde .  Po l len  were  counted  us ing  l tgh t  mtc roscopy

1400 x  magn i f i ca t ron .  Zerss .  Germany) .
Statronary pol len counts were obtatned from the

Syr rss  Nat rona l  Weather  Serv rce  (SMl -Swrss  Meteo) .
Sampl rng  was carned ou l  w l th  a  Burkard  po l len  sam-
p ie r  p laced on  top  o f  the  SMI  headquar te rs  In  Zur tch

t t  )  Thrs  dev ice  rs  a t tached to  a  tu rnrng  tab le  w i th  a
wrnd b lade so  lha t  the  opentng  o f  the  sampler  a lways
faces  rn  the  d i rec t ron  o f  the  wtnd .  Po l len  was coun led
uslng standard techntques resul t rng rn 24-hour ly rneans
(1  t .  For  B  days .  SKC and Br r rkard  samplers  were  run  In
para l ie l  on  top  o f  the  SMI  bur ld ing  fo r  d r rec t  compar i -
son .  To  do  th is  two SKC sampl rng  heads were  mount -

ed  nex t  to  the  Burkard  sampler  on  top  o f  the  SMI  bu i ld -
rng  wr th  ther r  open ings  fac ing  hor tzonta l l y  tn  oppos t te
d l rec t rons .  To  a l low Ío r  24-h  sampi rng  the  SKC sam-
p l rng  heads were  connected  îo  a  ne t -powered pump

tThomas USA)  wr th  c r r t rca l  on f ices  (Proeco.  Czech Re-
pub l rc )  p rovrd ing  a  cons tan t  f low o f  4  l , 'mtn .

Sta t rs t rca l  ca icu la t ions  were  made usrng  SYSTAT
8.0  fo r  Wrndows.  Wi lcoxon s rgned rank  tes t  was  used
fc r  g rgup companson.  To  account  fo r  the  skewed d ts t r t -
DuÌ ron  and some zero  va l "BS o f  s ta t ronary  and person-

r i r r  ì sur re .nea ls  . ' r  1

a l  po i len  resu l ts  over  the  36  ooserva t ron  days  po i len

data  were  shr f ted  by  unr t  concent ra t ron  and log- t rans-
f O r m e d  f O r  C a l C u l a t r n q  C o r r e r a l : O n S

R ESU LTS

Descr ipt ion of  subjects and act iv i ty pattern

The subtec ts  l rved  and worked wr th rn  5  km o f  the

S M I - S w r s s  M e t e o  m e a s u r r n g  s t t e  O f  t h e  1 0  s u b l e c t s

srx  su l fe red  f rom hay  lsvs l  caused by  grass  and b t rch
po l le r^ ,  two f rom seasona i  as th rna  due to  g rass  po l len

and l i ro  were  asympl rmal rc  bu t  one showed pos l t rve

skrn  pnck  reac t rv t i y ' to  D i rcn
S u b l e c t s  s p e n t  a n  a v e r a g e  c f  9 7  m r n  ( S D  7 9  m r n t

ou tdoors .  cor respondr ; rq  t r :  14" ,  o Í  the  sampl rng  t tme
(average 693 min) .  Of  tne  t rme spent  rndoors  32 ' -o  was

at home. 47" o àl  work and the rest  was spent elsewhere.
Indoors  wrndows were  kept  open 43o"  o f  the  t lme In

30co wrf ldo! !s were c ioseC aî,c 27a. of  the t tme was

spent  In  roor -ns  w i th  vent r ia t ron  sys tems (main ly  lec tu re

ha l ls )  For  t ranspo la t ron .  sub lec ts  went  by  foo t  (42oo\ .

o r  used the  t ramway (30oo) .  b rcyc ie  (24oo1and car  (4"o) -

Leve ls  o f  ac t i v t ty  were  none ( res t rng)  in  6 ' loo .  37co mod-

era te  and 3oo s t renuous.  No d i f fe rence was seen in  any

actrvrty pattern between asymptomatrc sublects hay fever

sufferers and asîhmatrcs.

Stat ionary measurements

Dur rng  the  summer  o f  1999.  on  8  nonconsecuÎ tve
days ,  s ta t ionary  po l len  co l lec t rons  were  made us ing  the

SKC samplers  p laced para i le l  to  the  Burkard  t rap  on
top  o f  the  SMI-Swiss  Meteo bur id ing  rn  Zur ich .  Net t le

and grass  po l len  fo rmed the  malor  par t  o f  po l len  dur rng

the samplrng per iod Tabie 1 shows the concentrat tons
of  the  counted  po l ien .  For  a l l  po l len  speoes po l len

counts  ob ta ined f rom the  Burkard  sampler  were  h tgher

than those f  rom the  SKC heads.  wr th  average va lues  o f
1 1 3  5  p o l l e n ' m :  t S E M  1 6 1  p o l l e n  m r t  a n d 2 7 - 6  P o t t g .
m '  (SEM 3.3  po l len ,m: )  respec t rve ly .  However ,  cor re la -
t ron  be tween the  devrces  was good ( r=  0 .981 p  <0 .001.

F ,g  1 )  The s lope o t  0 ,24  ( :0 .04)  ind ica tes  tha t  the

SKC sampier  co l lec ted  sys lemat rca l l y  about  four  t rmes
less  po l len  than the  Burkar l  sampler .  Thrs  fac to r  was

Table 1
l , . fe3" 991;"n concen' l 'a Ion5 ,ggi lgn rn )
n 2 . . a ; : o i

l o '  8  oavs  o f  s ta t ronary  measuremen ls  * , îh  the  Burka rC  sano le r  and  twc  SKC , i us i  heaCs  run  in

S a - l O l e r

Gramtnae
( g  r a s s  )

Ttita

i l r m e )

PtnaCee

( p r n e  )

L in rdent r f  red Totat
po l l en

3  - '<a rd

S K C  A

S(C B

5 6 5

' 1  1 -

I ' J  Z

3 7 3

5 0

3 5

1 8

C 2

0 1

2 3

0 3

0 5

1 5  6

, .2  1

9 5

1 1 3 5

2 9 3

2 5 8
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l a te r  used fo r  cor rec t ron  o f  the  da ta  ob ta ined Dy : :e
Burkard sampler A companson of  the two SKC sa.-n-
plers run In paral le l  showed a good correlatron (  r  = 0.973.
p  <0 .0001) .  There  were  no  s rgnr f i can t  d r f fe rences  be-
tween the  two SKC sampl ino  heads used.

Personal  measurements

Persona l  measurements  were  made f rom Apr i l  20
to  Ju ly  17 ,  1998.  The la rges t  amounts  o f  po l len  sar -n -
pled dur ing th is t ime perrod were for bi rch and ash pot-
len .  They  were  abundant  in  Apr i l  and  ear ly  May.  Tabre
2 shows the  mean and the  maxtmal  po l len  concent ra -
t ions  found dur ing  a l l  sampl ing  days .  To ta l  persona l
pol len counts (mean 8.6 pol leninî3,  range 0-153 pol len
m3)  were  s ign i f i can t ly  lower  than the  s ta t ionary  ou t -
door  concent ra t rons  (mean 146. .1  po l lenrm3.  range 6-
1132 po l lenr 'm3)  ob tarned w i th  Burkard  samplers  dur -

Table 2
Mean and rnaxrrnum dar ly
36-day penod determrned

r n d r v r d u a l  p o l l e n  c o n c e n i r a t t o n S  d u r r n e  a

u s r n e  o e r s o n a l  S K C  d u s t  - e a d s

Po l len rmr Mean Maxr rnum

. J  1 . . . - .  : -  {  :  - -  .  f  ' .  , . , . ,

I n g  l h e  s a m e  d a y s  ( t w o - s r d e d  W r l c o x o n  p  < 0  0 0 1
S r m r l a r  f r n d r n g s  w e r e  o b t a r n e d  a t  t h e  l e v e l  s t  , . - a

Po l len  spec tes  de termrned.  Frgure  2  shows the  g ,e - -
sona l  po l len  exposr . r r€  v ,Srsus  the  s ta t ronary  meat iu .a -
ments  p to t ted  on  ioga i l thmrc  sca les  They  shor iea  a
s t rong iy  s tgn i f rcan t  cor re la l ron  ( log- t rans formed da la .
r  =  0 . 7 1 9 .  p  < 0 . 0 0 0 ' l )  b u t  s h o w e d  l a r g e  s c a t t e r r n g
Cons ider rng  the  sys temat ic  d i f fe rence be tween the
s a m p l t n g  d e v r c e s ,  s t a t r o n a r y  n u m b e r s  w e r e  m u l t r p l r e :
b y  a  f a c t o r  o Í  0 . 2 4 .  C a l c u l a t r o n  o f  a  i r n e a r  c o r r e t a î i c î
be tween persona l  nurnbers  and cor rec ted  s ta i ta î tà r '1
n u m b e r s  r e s u l t e d  i n  a  s l o p e  o f  0 . 3 1  ( t 0 . 1 )  i n C r c a t r n g
t h a t  t h e  a v e r a g e  p e r s o n a l  e x p o s u r e  w a s  3 1 o c  o f  t r e
s ta t tonary  ou tdoor  concent ra t ron .

DISCUSSION

Followrng 10 drfferent sublects in random order through-
out  spr ing  and summer  showed tha t  persona l  exposure
to  po l len  cor re la tes  we i l  w , îh  s ta t ronary  measurernen is
used to  rsp66 po i len  coLrn ts .  Thrs  suQgests  tha t  s :a -
t ionary measurements are representatrve of  personal
pollen exposure. The correlation with the statronary meas-
urements  was hrgh ly  s ignr f rcant  bu t  sca t te red  (Frg  2 ,
which reflects the differences in personal behavior. Srrrc€
there rs a wide range cf  var iat ion In pol len concent i .a-
t rons, the correlat ton remains good. These resui ts do
not agree with the only study publrshed so far on the
comparison of  personai  and stat ionary exposure mea-
surements (9) In that  study only a weak correlatron
was found between personal  and stat ionary samplers.
The personal  sampler used was a plast ic case with a
round opening and a Vasel ine-smeared sl ide behrnd i t .
This al lowed probably only a semiquant i tat ive determr-
natron of  pol len concentral tons.  Our study on the other
hand used establ ished techniques with constant arr
f low throuoh a f i l ter

1 0 0  1 C 0 C

Sta l  onar r  Eurkarc  rpo t len / r r '  r  -1  ì

Fg. 2 Reiatpn belween siattonary and personal sanpter Ccnie -

[rattons show a strongiy stgntfrcant correlatton llog lransformed _1;'j
r = 0 7 1 9 . o < 0 0 0 A ! t

3 0 .
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Alnus
Anernrsta
Eetuta
Fraxtnus
Planiago
Platanus
Poaceae
Ot ercus
Rumex
Secale
Others

Total

0 8
'! 0

9 8 3
5 4 9

t z

2 3

5 6
0 9
0 8
6 5 7

1 5 3  5

3 1
0 1
-.1 o

2 2
0 1
0 2
0 5
0 7
0 1
0 1
8 4

8 6

1 0
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When a l l  the  samplers  were  run  In  0ara l le l  on  top  o f
the  SMI  bur ld rng  about  four  t rmes less  po i ren  was found
rn  the  SKC samplers  compared to  the  concent ra t rons
obtarned from the Burkard sampler.  Beca,- :se of  r ls  de-
s rgn .  the  Burkard  sampler  a lwa ' l s  fo l lows the  dr rec t ron
of  the  wrnd.  l t  was  suggested  tha t  th rs  may lead to  an
overestrntatron of  par lc le concentratrons even at  mod-
e r a t e  w r n d  s p e e d  ( 1 0 ,  1 1 ) .  O n e  s t u d y  ( 7 t  f o u n d  a  d r f -
fe rence c f  a  fac to r  o f  10  be tween Burkard  samplers
and Rotorod  samplers  The ia t le r  a re  known to  be  less
rn f luenc€d by  the  e f fec ts  o f  wrnd than Burkard  t raps .
wh ich  rs  a isc  an  rndrca t ron  o f  the  i rke l rhoc- ,d  o f  overes t r -
mat rng  po l len  counts  w i th  Burkard  t raps  Tc  account  fo r
the  sys temat rc  d r f ie rence be tween the  Burkard  and the
SKC sampler .  : re  va iues  cb tarned f ro r i  the  Burkard
t rap  were  cor rec ted  usrng  a  fac to r  o l  0  24  rn  o rder  to
compare  lhem wr th  the  persona l  €xpoS. 'cS m€asured
wr th  the  SKC sampiers .

The va lues  fcund wr th  the  persona l  sarnp l ing  were
on the  average 31"o  o f  those cor responc i ing  to  the  cor '
rec ted  s ta t ronary  ou tdoor  leve is  Thrs  d r f fe rence wou ld
be smai le r  than expec ted  i f  exposure  to  po l len  oc-
cur red  on ly  ou tdoors  s tnce  on  the  average on ly  a  to ta l
o f  14oo o f  the  t rme was spent  ou tdoors .  Frcm th rs  14"o
and the corrected data an Indoor ioutdoor rat io of  0"20
was calculated. Thrs agrees wei l  wrth prevrous studres
(6-8) usrng Rotorod pol len samplers.

In concluston. s lat tonary samplers are suf f icrent for
est imat ing personal  pol len exposure over a certarn pe-
rrod of  t ime, e.g.  in a day-to-day heal th ef fects analy-
s rs .  Our  s tudy  suggests  tha t  the  regu la r ly  pub l i shed
pol len data rn the Zur ich area might be overest imated
and that rndoor pol len levels are about 20",o of  the out-
door  leve ls .
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RESUMEN

El propostto de este estudto 'ie evalua: que nedida ae
concentractones de poien exlerror es representatlva para la

expcstcton personal 3t polen D;ez suletos iteron estudtados

durante tin lotai de 36 dras en p!'rn2vgv6 y verano El poten

se recogto nedra^:e neotdores personales oe polvo SKC y es'
tactones recolecicras cie polenes Eurkard La acttvtdad per-

sonal se regtstro cada cuarto de nora ast cono el ttempo pa-

sado en el extenìr La ccmparacraq estactonai entre los reco-
leclores mostro una buena ccrreracion ( = A 981 p <0 001)
Stn embargo. la recoteccron de mueslras nediante SKC fue

aproximadamente cuatro veces menor que en los recolec-
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tores Burke,d Consrderan,lc las drferencras ststemattcas
entre los dos metodos de recoieccron, los datos Ce exposr'
erroo o€r-sonat fueron de un 30", de la concentracton esta'
crcnai de poten y se correlactcnaen srgnitcattvamente (datos

logarrtmrcansnte translormados tr = 0 719.9 <0 0001) Con'
srderando ta medra de tempo que los suletos pasaban fuera

1l1oo del lenpa de recogto2) la razon extenor'rnlertor fue
para ei polen de 0.2 En conclusron. la recoEda de polen es

utrl para la estimaaon personal de la expostc@n durante un
ttempo lrmr!3o,. aunque la expas,cron al polen es mas bala

Palabras c lave:  Polen -  Exccstoon personal  -  Pa l ron de t lem-

po-act rvrdac -  Recolec lor  Bur '<ard '  Becoiector  de po lvo SKC
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