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In t roduc t ion  and Ep idemio logy

The prevalence of  a l lergic c l iseascs has i t tcreased lvor ld-
r ,v ide dLrr ing the last  decades i l -z l ] .  The reasol ls fbr  thrs in-

cre ase are unknov'u'n. At'nong many hypothe se s. thc idea that

environn-rental  pol lLr tants may play a role has gained sub-

stant ia l  publ ic anr l  scient i f ic  at tent ion [5-8] .  l r t  order to

stlr cl)/ close- respon se re I ati onsh i ps betri 'eett d i sease o utcot-ne

and exnosLrre measLrrentents and to monitor thc e f fècts of  a i r

l .  Genetic and Environmental Factors in Atopic Diseases

I n t  A rch  A l l e r sv  I n rn ru r t o l  1997 ; I I i : ( 19 -7 ' 1

Air Pollution and Allergy:
Experimental Studies on Modulation
of Allergen Release from Pollen by
Air Pollutants
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Abstract
Thc f i rct  that  a l lergic diseases i r rcreasc in prevalcnce is a gettcral ly accepted ancl

r , 'u,c i r ldwide phenontenol l .  The causes forthis i r tcrease are not knon,n:  or t ly hypo-

thet ical  concepts exist .  Epic lerniolo-uical  stucl ies cor lpar ing Eastern i rncl  Western

European populat ions have shorvn a str ik ing di f fbrcnce in the prevalence of  re-

sp i ra to ry  a top ic  c l i seases . ' , vh ich  is  lo rvcr  in  the  Eas t .  A t the  sa l l le  t i rne .  d i f fe ren t

patterns o1'air  pol lut ion havc been de scr ibed. nat le ly 'c lassical '  type I ,  c l taracter-

i zed  by  SO2 and dus t  p reva i l in -q  in  the  Eas t ,  and ' tnoc le rn ' type  I I .  c l ta rac ter tzed

by organic compounds, f ìne part ic les i ind ozone ,  rvhich is I r torc prot t t inent in the

West.  Type l l  r ,vas associated in mult ivar iate regression analysis lv i th increased

prevalence of  lgE,-ntcdiated al lcrgy.  Pol len srains col lected f i 'otn inciLrstr ia l  re-

gions wit l i  h igh polyarornat ic hydrocarbon load in West Ge r t lany.  btr t  not  in East

Gennany, were shon,n to be agglorrerated r .v i th airborne part ic les.  I t i  v i t ro cxpo-

sure of  pol len to par l ic les indicatecl  nrorphological  c l tan-9cs at tc l  i t icrcasecl  a l -

lergert  re lcase frortr  the pol len.  In v i t ro exposl l re of  pol len to gaseol ts pol l r"r tants

(SO, and NO2) urrder di f ferent condi t ions of  hr , rmidi ty resul ted in SOz-inclucecl ,

but  not NOz-induced recluct ion of  a l lergen rc lease f ì 'orn pol le n.  l t  is  conclucled

tha t  the  b ioava i lab i l i t y  o f  g rass  po l len  a l le rgens  may be  n todu la ted  by  a i r  po l l t r -

tants,  support ing the concept of  an interact ion betrveetr  pol lcn and pol lLr tants in

the atrnosphcre outside the organisr l  u 'h ich in turn Inay af fèct  a l lergy-relevant

phe nomena.

pollr-rtants on hur-t-tzttr health rr ' i th special reference to aller-

gic diseases. several  popLr lat ion-basecl  t r ia ls have been per-

fomred by our group in the rer-rni ted Get 'nrany [9-13].  These

stucl ies inclucled more than 20.000 preschool  chi lc l ret i ,  aged

5-6 years,  l iv ing in c l i f fèrent areas of  East ancl  We st  Germa-

ny r i , ' i th c l i f ferent t1 'pe and intensi ty of  a i r  pol lut ion.  Or le of

the rnost surpr is in,u rcsut l ts of  these epic lerniological  invest i -

gat ions rvas the f t ic t  that  rcspiratory atopic diseases were

s t r i k rng ly  less  f iequent  in  the  E,as t  than in  the  West  [10-12 ] .

KARG E R
l : - N l u i l  k u r l c r . '  k u r ' . ' l c r . c l t

I j l r  ' - l l h l  - ì ( ) ( )  l l  - ì - 1

ì r t t p :  *  r v *  k u r u c r . e  l r

,  1 9 9 î  \  K u r r Ì e  r  . \ (  i .  [ ì u s c l

l l ) l S  l + . ì S  9 7  I l . j . ì  O l j l ) ( l  \  ì l  { } ( )  ( )

' f h i s  
u r t i c l c  i s  i t l : o  a c c c s s t b l e  o n l i n e  u l

h t t p :  I l i o \ l c t l \ r t . c o r Ì r  k l r r e r

C  o r r c ) p r ) n ( l c r ì e r  t ( ) .  I ) r o l ' .  [ ) r .  r r t e d .  I  l c i t l r t r n  l i c l r r c n t l t

[ ) c I u r  t r l c n t  o  l  l :  r I e r i  t t t c n t t l  [ ) c r t t t d t o l ,  r ' ] 1  .  \  l  l e r r . l o l r l g ' ,

I  t r r i i  e r s i t v  o f -  |  l r t n t b L r r g

\ l u r t r r r i s t n r s s c  i l .  t )  l 0 l - l ( r  I  l l t t t l t r L t r l  { (  i t r t l l i t r l \  )
' l i . l  '  1 9  l 0  l T  l l l { ) . 1 0 .  I : u r  ' J ! )  l 0  l 7 l 7 - 1 3 ( )  I



F i g . 1 .  l . - o c a i i z a t i o n  ( ) t ' t l l r t i o r  u t ' a s s  p o l l c n  a l l c r s c . n  I , h l  p
t tnbc 'd t l i ng  l t roccc l r r r cs .  S tu in ing  o f ' scn t i t l r i n  scc t i ons  (é t  )  l n t l
l n d  r  i s L r a l i z i n g  b v  s i l r . ' r ' c n h a r r c c i l  i n l r r . r L r r r o s t r l r l  t a t  u n c l  l l r
a x i l - s O . b x l l l .

- i  r r  i t h in  thc  po l l c r r  l f i r - r  s t r i c t l v  anhvc l rous  f ì xa t i on  a i t r l
c rvoscc t ions  (  b  t  *  i t h  n r t t r roc lonu l  an t iboc l i cs  (n tAb  Bo  I  )
c i . ì n  l  l ' ì r - i ì l l t t  - l l l ( )u \ c  I r  l  l - ( '  co r r  l  uga tc .  L r  g l i t  l n  i c r0  g ra l t l t s .

Sinr i la r  f ì r rc l ings  har  c -  bec 'n  repor tcc l  by  o thcr  i r rvesr iga tors

l 1 ] .  s i n c c  a i r  l l o l l L r t i o n  ( n a n r r l r ,  p a r t i c l c s  a n c l  s u l f i r r  c l i o r -
r t lc)  h l ts bccrt  a charactct ' is t ic  fèature of  f i rnner col 'nr . ì lLnl ist
c()Ll l l t r ics i r t  Elstcrn Ett t 'opc-.  r .nAnv arr t l rors cc-rncl t rc iecl  f ror t r
thcse  c ia ta  tha t  a i r  l to l lL r t ion  c ' loes  n i t t  p lav  a l l ) ' r ' o le  in  thc .
c le ic lopnrcn t  o f  a l le r_u1, .  Hor i 'ever ' .  f ì ' on t  c lL r r  i r t rcs t iga t ions  i t
hus  be  cornc  c lear  tha t  c i i f fe  rcn t  pa t t r - r r . ì s  o f  oLr tc loor  a i r  po l l i r -
t io r r  hure  c l i rc rsc  c l ' fèc ts  on  i i l l c rg ic  c l i seuses  f  l5 .  l6 ] .  \ , lL r l t i -
var ia te  rcgrcssror r .ana lvs is  o I t tL r r  c la ta  re r  c l t l cc l  a  s i_gn i f  i can t
as soc i ati ott bctu'ecn ai r po l l utants c-1.ìl i  ttccl fì 'r 'rrtr autont ob i l c
c . rhaus t  l rnd  in r lo t ) l ' gas  so l t f cL-s  -  t \  l ) r ' l l  po l lL r tan ts  [15 .  l6 ]
lunc i  paran lc tc rs  o f  a l l c r -s ic  sens i t i za t ion  in  \ \ ' cs t  Gcrnranv
af ìc r  con t ro l l ing  f ì l r  o ther  covar ia tc 's  such us  snr t r l< ing  hab-
j ts.  f Ì r r t t i lv  h istor ' rv of  atop1,.  agc,  sc\ .  soclr)ccopgpt ie stutus

12.  l - r l .  on  thc  o thcr  I ranc l .  thc  1 r r *  u le  ncr  o1 ì  in lLc t ioLrs  anc l
i l r i tatr t  l 'cs l l ( )nsrs of  thc Lrppu-r '  r 'e spint tor ' - \  t l ' l rct  r i  as c lc l r l r , '
co r rc la tcc l  u ' i th  cxposL l r r  to  anc l  in tcns i tv  o f  thc  a i r  po l lL r -
lan ts  t l r rs t  a r r t i  sLr l f i r r  c l io r idc ,  tvpc  I  l to l lL r ra l r ts  I l , r ] .  Thcsc
he al th ()utcorì lc l lararnctcrs s igrr i f ìcanr lv c lecrcasccl  rn prcr -

i t l c - l tCc  * ' i th  thc  c icerc l tse  in  po l lL r tu r r t  c t r r . recr r tn r t i r tn  t ì ' on t
I t . t t ) l r r r  l . ) 9 +  [ l j ] .

So l i r r .  thr-  c l i l ' lcrence s in the prcvulcnce of  a l le r '_u1, bc-
t \ r iu-cr ì  F: lstcnr and \ \cstcrn Eurol lcí ìn coLlntr ies cannot bc
c r p l l r i n e c l .  I l r ' p o t h c t i c a l  c o n s i c l e n i t i o n s  i n v u l v c  t h c ' l i f c -
st l r ' le ' .  n i r ich r i 'as c lcar l i , '  t i i i fèrent bctu ccn East arrc l  \ \ 'cst

| 7 ] .  i r L r t  l . t o t  \ r r v  s c i c n t i f ì c a l l v  c l e f ì n c r l .

The Concept  o f  Po l len-Po l lu tan t  In te rac t ion

Pol lcn gnt ins arc thc rrra. jor  soLu'ce of  orr tc loctr  acroal lcr-
gcns .  Inc lepcnc ien t lv  o f  po l lu tun ts  anc l  o ther  cnv i ronrnenta l
f i tc tors.  c. \posurc to ai lcrscn is thc pr intary cr lndi t ion tbr
prec l i s i r t rscd  inc l i v id i ra ls  to  bcconrc  scns i t i ze t l .  as  i s  a lso  tn re
fb r  r le r  c loprncnt  o f  c l i scasc  un t l  l ì r r  c l i c i ta t ron  o l ' s r , 'n rp to r ls
o l '  a l l c rg ic  i r r t lanrn ia t ion .  In  Ihe  na t r r ra l  c \posL l re  s i tua t ion .
thc  b ioa i ' l r i i ubr l i t v  o f  a i l c rgens  c ' le l t cnc is  on  a l le rgcn  l ' c l l r r , r  r r l
f ì ' onr  in tc rna l  po l len-b i r rd in r - r  s i t cs  ( f i -g  I  )  a r rc l  on  subs tan t ia l
rc lcu-c  in to  thc-  cx tc rna i  n t i l i eLr .  in  o lde- r ' to  p rovoke i t  rcac-
t ion .  ln  p r inc i l t le  .  th is  l l l c ' r '9cn  rc lcase can occLr r  a t  t rvo  c i i f -
fcrcnt  con.ì l ) i ì l - t l l tcnt  s i tc 's:  (1)  on the nrucclLrs rcspiratorr . '
t r "act  srrr f i rcc of  se nsi t izcr l  lancl  nonscnsi t izeci)  indir , , ic lLrals
a f ic r '  po l l cn  i r rha la t ion  ar r t l  ( l  )  oLr ts ic le  thc  inc l i v ic lL ra ls  in  t l rc
anrb icn t  a i l  i t sc l f .  Bo th  r - \u l ts .  hou. - r ' c r .  p robab ly  rL -qL t i l ' e  i t
r l lc t is t  at tnosl t l terc r i  h ich thcrr  in turn af le cts the antt tunt  of
a l l c rgcn  l ibera te  c l  u t  thc  s t te  o f  rcac t io r r .  . { l l c r -ecn ic  ac t i r  i t1 '
has incleccl  bcc-n c letectcci  by SCvt- l ' î l  sroLtps i r r  a i r  santplc
f ì 'ac t ions  l t . ' l on '  I  r rn r  in  c i ian te tc r '  [19 .  20 ] .

- f  
hc-rc l ì r r ' r ' .  in thc outcloor environrr-rent.  t rv 'o c l i f fcrent al-

lcrgcn-col l t i . ì i r . ì i l lg c() l l lp i , r r tntents cr ist  in thc ar lb ient  l i r ' :
thc  po l l cn  i t sc l f  anc l  the  a l l c rgen ic  aeroso l ,  a  f i i c t  tha t  n tav
crp lu in  n ' l l v  L rn l i ke  the  s i t r . ra t ion  in  the  inc loor  env i ron-
In tn t  thc  r i s l i  t l l ' s . -us i t i za t ion  aqa ins t  oLr t r loor  a l le rgcns
e l ìn l lo t  bc  a r lcqrn te ' l v  cs t r r l i r t c t l  i - , i '  s in r i t l c  l to l l cn  q r run t i f  i -
c a t i o t t .

l l c i r r cn t l t  [ ] cc l i c r  l " r r t zschc ,  S l i l i a -  I ì rn rczok

l ì r n r e  z o l i  f ' r i c t i r i c l i -  I ì r r r s

i 0 ì  . ì . r 1 t 1  
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on the other hand, evidcnce is avai lable for  an interac-
t ion betr ,veer. ì  aeroal ler-{ens and pol lutants at  the level  of  e i -
ther plant grorvth and pol lcn maturat ion or of  a i rborne pol-
lcr luvhich had been err i t ted into a pol luted atmosphere ancl
vu'hich are then exposed to the contarninants ( f i_e.  2) .  There-
tbre,  in pol luted areí ìs the interact ion betr ,veen pol len and
pol Iutants.  resul t ing in quant i tat ive charrges and qual i tat ive
alteratior-rs of aeroallergens, seems to be a conlrrìon feature.

\\ 'e have shor,vn earlier [18] that pollen collected or,,er
highl i r  pol luted industr ia l  regions in west Germany sho,uv
intense agglomerat ion r ,v i th airborne part ic les s imi lar  to pol-
len col lected near roads with heavy traf f ic  [21] .  Moreover,
senr iquant i tat ive analysis indicates that the amount of  part i -
c le agglornerat ion is posi t ively associated with the par l ic le-
bound aromat ic hydrocarbon load in the air  l l8] ,  as is rrLre
fbr particulate metal concentrations, r,vhich are dif-ferent
f ì 'orrr  c i ty to c i ty due to their  i r rdustr ia l  nature 122.231.

In f luence o f  Par t i cu la te  Po l lu tan ts :
In  v i t ro  S tud ies  on  A l le rgen Re lease

In v i t ro studies on the ef fect  of  extracts of  a i rbornc part i -
c les on pol len rnorphology shorved character ist ic ul t rastrLlc-
tural  chan-ges at  the surfhcc of  grass pol len ancl  wi th in the
prcl toplasrn,  such as exocytosis of '  _granular proteinaceous
rr iater ia l  f  l  8]  .  At  the sanre t ime, a s i_gni f icant incre ase of  pro-
tein release fiom pollen i.vas denronstrated dose ancl t irre cle-
pendent ly ( f ig 3),  incl icat ing the direct  act ion of  subsrances
acisorbed to airborne par-ticles on stnrctural elements of the
pol len.  L- . ls ing SDS polyacrylamide gel  e lectrophoresis im-
nrunoblot t ing and probing the blots rv i th var ious nlonoclonal
ant ibodies as wel l  as wi th serLrn-ì  of  pol len al lergic pat ients,
an al terat ion of  a l lergenic protein bands -  increase in phl  p I
intensity, dose-dependent loss of phl p 6, nelv bancrs at 60
kD, shi f t  of  b incl ing intensi ty of  IgE react ive bands to the
acic l ic  s i te -  can be demonstrated ( f ig.  4) .  In 2D electropho-
resis af ier  probing the blot  rv i th monoclonal  ant ibodies rec-
oeniz ing Phl  p 5 there rvas evidence for the appearance of
acidic isoforrns [ rnanuscr ipt  in preparat ion] .

Frorn these data i t  can be concludeci  that  substances acl-
sorbed to airborne partrc les can meci iate agglorner-at ion of
part ic les onto pol len surfaces fol lorved by preact ivat ion of
pol lcn anci  then, under appropr iate concl i t ions (hurnic l i ty
e tc . ) ,  n ray  induce c i rc i rmscr ibed loca l  a l le rgen re rease.  one
has therefore to take into considerat ior-r  that  in regions rv i th
h igh  a i r  po l lL r t ion ,  par t i c les  a re  no t  on ly  car r ie rs  o f  po l lu -
tants but also of  a l lergens ancl ,  as has been pointecl  o i r t  ear l i -
e r  i l 5 ,  1 8 . 2 1 ] .  t h a t  p o l l e n  g r a i n s  a r e  n o t  o n l y  c a r r i e r s  o f  a l -
Ie rsens  bLr t  a lso  o f  po l lL r ta r r ts .

POLLEN <--> POLLUTANT

Plant growth and pollen maturailon

Incorporatlon of heavy metals

sulphur
others

l
pollen counts

2. Pollen ln the atmosphere

> climate factors

> alr humldity

> pollutants [ApM, gases]

I
Y

qualltative changes of pollen

vltallty
morphology

modlflcatlon of allergens
modlflcatlon of allergen release

generatlon of aerosols

Ftg.  2 .  Po l  Ien-po l  I  u tunt  i  r r tcnrc t ior rs .

l n f luence o f  Gaseous A i r  Po l lu tan ts :  Exposure
Stud ies  in  a  F lu id ized  Bed Reactor

In order to invest igate the ef fccts of  gaseous air  pol lu-
tAnts,  l l 'e  have constructecl  a charnber fbr  exposl l rc of  pol len
to gaseoLls pol lLr tants in a c lose- and t ime-dependent lasl i ion
and under var iable condi t ions of  re lat ivc air  hLrnr ic l i t l ,  [24.
25] t f ig.  5) .  Af ter  exposure,  pol len vu'as z i l lor i ,ed to re lease
proteins into an aqueoLrs ni i l ieu ancl  the samples r , r ,ere then
b lo t ted  and s ta ined rv i th  n ronoc lona l  an t iboc l ies  o r  $ , i th  IsE-
containi l ' ìg serulnt .

In control  exper in-rents using synthet ic air  as exposLrre
mediunr At var ious c lc_qrccs of  re lat i r . 'e hunr ic l i ty .  l ight  rn i -
croscopy and scirnning electron nr icroscopy ci id not reveal

1.

Pol  len-Pol  Iu tant  I  n tenrc t ior r 1 l



Fig. 3. Ir t  vi tro cffèct of aclueous !-xtract
o f  a i r bo rnc  pa r t i c l es  (Gex )on  p ro t c i n  r c l easc
ti ' r l r l  gr ' : .rss pol lcn clcmonstrat inq increased
protc in  re  lcasc by,  thc  po l lu tant .  Cont ro l  sanr-
p lcs  r ic rc  incubated s  i t l t  u .a tc . r .  f rer  c l i lL r t ion
l : 100  co r r csponds  t o  ( r . 57  n r '  l i r  r  t r l uu te  and
0.39 nrs  c lLrs t .

"/" protein release

30  m in 120  m in  300  m in

EFI 'O  EGex  l : 1000  DGex  1 :100  IGex  1 :10

Fig.4 .  a  Incubat ion o f  P prutense po l len
u, i th  aqua b ic lcs t .  ( lanes 1-9) .  aqueoLrs  Gcx
( l : 1 0 )  ( l a n e s  l l - - 1 9 )  a n c l  a q u e o u s  C ì e . r  1 1 : 1 0 0 )
( lancs 21 29) .30 r t r in .  37"C.  b  Arnr t ron ium
crrbonate extract of the sarne t intclthl,  _qrass
prr l lcn  a f ìer  incubat ion u ' i rh  ac lLra b ic lcs t .
( l a n c s  l - 9 ) .  ( ì c x  ( l : 1 0 )  ( l a n c s  l l -  1 9 )  a n c l  ( j c r
( l : 1 0 0 ) ( l a n e s  2 l - 2 ( ) ) . 3 0  r l i n . 3 7 " C .  L a n e s  I ,
I  l ,  2 l :  ar i t i - r lousc cont ro l :  lanes 2,  12.22:  an-
t i - hu rnan  con t ro l ;  l anes  i ,  l i . ' 23 :  p ro te i r r
s ta in ing:  lancs .1 ,  14,21 ant i - lgE nornra l  sc-
nrnr ;  lanes -5 .  15.  25:  ant i - lgE pat ient 's  scnun:
Iancs 6.  16.  26.  nrAb Bo I  (Ph l  p  -5  ) ;  lancs Z 17.
27 :  n r i \ b  BC6  (Ph l  p  5a ) ;  l ane  s  8 .  18 .  2 ,S :  n rAb
I lo9 (Phl  p  ,5b) :  la lcs  9 .  19.  2r ) :  rnAb I ( j12
( P h l  p  I  ) .
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gas mass f low control ler

synthetic air humidification
Fig. 5. Sche matic diagranr of the f lLr i-

dized bed reactor chnrnber t-or cxposurc ex-
per i rnents  o f  po l len ' ,v i th  qascoLrs  po l lu tants .

any change in pol len strLtct l l re or v i ta l i ty  for  exposLlre t i lnes
up to t h. Regarding proteirl release fionr pollen, there was a
signi f icant inf luence of  re lat ive air  humidi ty lvhich has to be
control led in speci f ic  exper inrents [25] .  In addi t ion,  inrnru-
noblots probing with rrronoclonal  ant ibodies detect ing nla-
jor  a l lergens Phl  p I  arrd Phl  p 5 displayed a reduct ion of  Phl
p I  intensi ty,  but  not of  Phl  p 5 ( f ig.  6a),  over t ime and with
increasing relative humi dity 1261.

After exposure of Phleum prate nse pollen to sulfur diox-
ide,  but not to ni t rogen dioxide ,  in a dose- and t inte-depend-
ent manner,  the staining intensi ty of  major al lergen Phl  p 5
in the supernatants rvas significantly reduced rvith time,
when exposure involved high concentrations (fig. 6). The
SO2-induced reduct ion of  Phl  p 5 avai labi l i ty  in pol len su-
pernatants was further confirmed by quantifying this aller-
gen us ing  ELISA techn iques  [26 ] .

From these expel i rnents,  ' rve speculate that  the bioavai l -
abi l i ty  of  major grass pol len al lergens is grossly reduced in
regions pol luted lv i th sul fur  d ioxide as compared to non-
pol luted regions.

Conc lus ions

Wé have shorvn that allergotoxicology, i.e. the study of
the inf luence of  toxic substances upon development,  e l ic-
i tat ion and persistence of  a l lergic react ions [16],  does not

KD
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3 6 -

2 9 - finnr
I l r r  - - -

2s _ J;E tF ?=

0  1 . 5  3  . 6  g  
;  c

exposure t ime [h]

Fig.6. Immunoblots of aqueous extracts frorn t intothy grass pol-
len which had been exposed for 0, 1.5, 3, 6, and t h to synthetic air (a).
lmg/ rnr  NOr (b) ,  and 16.5 mg/nr1 SO,  (c)  a t  a  re lar ive hunr ic l i ty  o f
80%. Blots were stained r i , i th mAb Bol recognizing major al lerge n Phl
p  5 .  Note the loss o f  s ta in ing in tens i ty  in  c ,  but  not  in  b  and a.
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conf ine i tsel f  to thc invest igat ion of  organisnis,  organs or
ce l ls  but also has to take into account the exposl l re to envi-
ronnrental  substances.
The f inci ings that ( l )  exposure to par- t ic les increases the re-
lease o f  a l te red  a l le rger rs  and tha t  (2 )exposure  to  the  c lass i -
cal  a i r  pol lutant sul f ì r r  d ioxide leads to a reduced bioavai l -
ab i l i t y  o f  g rass  po l len  a l le rgen are  o f  in te res t  in  exp la in ing
the observed di f ferences of  a l lcrgological  parameters i r r
studies of envi ronrr-tc.ntaI epiciemio Iogy.

Surrmariz ing the ef fects of  pol len-pol lutant interact ion
know so far,  i t  has been shown that ( l )  a i r  pol lutants can

changc pol len i r r  s i t r - r  ancl  in v i t ro r .v i th respect to nrorphol-
ogy ancl  to al lergen relcase both quant i tat ively ant l  qual i ta-
t ivc ly.  (2)  Pol len -  pol lLr tant  interact ion nlay thcrefbre af  fcct
al  I  ergy-rele 'u,ant phenonrena.

Acknowledgment

SLrpportcd b,1grants Be-07ALL0.1 of the BÌvll lF ancl PLJG-LuvA
9i 007- Bc o f '  Prcl ckt U nrr" elt uncl Gcsundhe i t Baclen - wrirttcnr bers'.

References

Wii thr ich B:  Epidemiology of ' thc a l lcrg ic c l rs-
eases:  Are thcv leal ly  on the inclcasc' ' . )  ln t  , - \ rc l r
A l l c rgv  App l  I r l n runo l  l 9 t ì9 :90 :3  I0 .
Schul tz-Larsen F.  I lo l rn N\ i  I lcnninsscn K.
Atopic dcrnrat i t is .  r \  gcnct ic-epir lcrn io logie
studv ìn a populat i t tn basecl  t r i  in  sunt l t lc .  . l  Arn
Acaci Dernratol I 986: I -i:"+lJ7--19.1
Burr  N4L (c-c l ) :  Epic lcrnio logv of  r \ l lcrs ic Dis-
eases.  Bascl .  Kargcr.  1993.

-l Scluife r T. Ktirne-r II. []eltrt 'rrdr [J. Kunz I].
Úberh K.  Vic luf  D.  I ì in- t  J :  [p idcnr io logy o1'
atopic cczema: in Rins J.  Behrcncl t  I l .  \ l ic lu l ' [ )
(cds):  Nuv Trcncls in Al lcrgv I \ {  Ber l i r r .  Spr in-
g c r ,  l 9 9 7 . p p 2 l - 2 3 .

5 Braun-Fahr làndcr C,  Ackennann-Lrcbr ich [ , i .
Schu ar tz. l .  Gnchnt HP. Rut ishause.r  lVI .  \ \ ;anncr
I - lK:  Air  pol lut ion and rcspiratory syl l lp tonts ln
prcschool  chi ldren.  Anr R* '  I ìcspir  Dis 1992;
115.12-11.

6 B. ;òrksten B:  Gcnet ic and cnvironrt rcntal  i r r tcr . -
ac t i on  in  ch i l d rcn .  P rog  A l l c rg l .C l i r r  I rnn runo l -
ogy  199-5 ;3 :97 -103 .

7 Rusrr lk  C:  The impact  of  pol lut ion on al l r - - rg ie
cl isease.  Al lcrgy I  99- l ;49:2 I  -2 7.

t ì  Ring J,  Bchrcndt  H:  Al lergy and IgE pror luc-
t ion:  Role of  infect ion ancl  enr. ' i ronnrental  pol lu-
t i on .  A l l e rg t i  J  199- l :2 :27 -30 .

9 Schlipkcitcr H\\', Kriinter U, Bchrc.ndr I-1.
Dolgncr R,  St i l lcr -Winklcr  R.  Rin-rr  J .  \ \ , i l ler  HJ:
Iurpact  o l '  a i r  pol lut ion on chi lc l rcn 's heal th -

' [ ì esu l t  f i o rn  Saxony -Anha l t  an t l  Sa rony ,as
corrpared to Nonhr l r ine-Wcsrphal iat  in L leal th
and Ecological  El tects.  Cr i t ical  Issues in thc
Cì lobal  Environntcnt .  Pi t tsbursh.  Air  ancl  Waste
N, lanaqcntcnt  Associat ion.  1991. r 'o l  -5 lU-A
2 t 0 i .

l ( )  Bchrcndt  Fl ,  Kr i inrcr  U.  Dol_sner R. i - l inr ichs J.
Wi l lcr  f { .  l la_r-rcnbeck H, Schl ipkóter  f lW: Ele-
r , 'a ter l  levcls of  tota l  lgE in East  Gcrman chi l -
drcn:  Atopy.  parasires or  pol luranrsÌ  Al lcrgo J
I  993: l : i  I - .10.

I  I  I ì ing .1,  Bchrendr IJ.  Schr i tcr  
- f .  

\ ' ic luf 'D.  Kni-
rnc r  L t  :  I n tpac t  o f  a t r  po l l u t i on  on  a l l c r_s i c  d i s -
cascs :  ( ' l i n i ca l  a r t r . l  ep i t l c rn io log ica l  s tud ics .
P rog  A l l e rgy ,  C l i n  I rn rnuno l  1995 :J :  I  7 ] ,1  79 .

l2 Kr i inrcr  U.  BchrcnLl t  H.  Rirrg .1.  r \ i r  pol lut ron as
a r isk factor  fbr  a l lcrqv:  

- [hc 
F.ast-Wt 'st  Gcrrnan

expcncncc;  in Ring .1.  tschrcncl t  I l .  \ ' ie  luf '  I )
(cds):  Neu, l - rencls in Al lcr_sv lV l lcr l in .  Spr in-
gc r .  l t ) t )7 .  pp  25 -35 .

l i  Kn in tc r  [ J .  [ ] ch rcnc l t  [ 1 .  Do lsnc r  I ì .  \ \ ' i l l c r  t l .
Sch l i pkò tc r  l {W.  In rpac t  o f  SOl  und  TSp  on  a l -
lcrg ic nrani fèstat ions lnci  non-al lcru ic rc-spiru-
tor l  c l iscascs.  [ ìcsul ts f iont  thc-  stud1,  on school-
bcginncrs in East  ancl  \ \ 'est  Gcrntanv 199 l -
199- l :  i n  R ing  J .  Behrcnc l r  F l ,  \ ' i c l u1 'D  (eds ) :
N*r '  Trencls in Al lcrgy I \ i  I lcr l in .  Spr inst-r ,
1997. pp 43-!1.

l ' {  r ' .  Mut iLrs E.  Ì \ , lar t incz FD. Fr i tzscl r  C.  Nrcola i  
'1 .

Roc l l  G .  Th icmann  l - [ l l :  P rc ra lencc  o f  as th rna
and atttpy in tr."o areas of \\ ' 'est ancl East (ìe-nna-
nr.  Arn J l ìcspir  Cr i t  Carc i l f  cd 199- l ; l -19: j5 l ì -
361.

l -5 Bchrcncl t  I  I .  Fr icc l r ichs KFI,  Knirncr  U.  l { i tz fò lc l
B .  Bcckc r  WN1,  R ing  J :  J ' hc  ro l c  o f  i ndoor  and
oLrtc loor a i r  pol lLr t ion in a l lcre ic c l iscases.  Prog
r\ l lcrg l '  Cl in InrnrLrnol  I  99-5 :3 :  83-89.

l6 I lehrcncl t  I -1,  Ring J:  A resclrch stratcgy t ì r r  thc
i  nr  cst iqat ion ol '  the in f ' lucnce oI  c-n ' , ' i  ronrncntaI
pol lutants on thc dclc lo l l lncnt  of  a l lcrg ic scnsr-
t rzat ion ancl  d iseasc:  in Ring J.  Bchrcnt l t  l { .  Vie-
Iuf  D (eds):  Ncrv Tre nds in Al lergy I \ {  Bcr l i r r .
Spr inscr.  l99Z pp 5 t -60.

l7 \ \ ' ichrnann FIE:  Possib le explanat ion for  the di f ' -
1èrcnt trencls of astlrrna ancl alle-rty in E,ast anct
\ \  cst  Gcrnrany.  Cl in Erp Al lcrgy I  c)96:26:61 l -
6 t  3 .

l f ì  tsc.hrencl t  f l .  Fr icdr ichs KH. Kainka-srr in ickc E.
Darsor, , '  U.  Beckcr Wlvl ,  Torningas R: Al lcr_ucns
ancl  pt t l lu tants in the ai r  -  A contplcx interac-
t ion:  in Ring J.  I ) rzr , 'b i l la  B (ccls) :  Nov Tre nds in
, , \ l l c r sy  I I I .  Be r l i n .  Sp r in -uc r  199 t .  pp  467  {78 .

l9 Spicksntr  l - - .  Krarnps . lA.  Vrn c lcr  [_ indcn , , \C' .
\ ikkels I ì l l .  Plomp , , \ .  Kocrtcn HK. Di . lkrnrn
. l l l :  [ : r  i dcncc  o f  s rass  po l l cn  a l l c rgcn ic  ac t i i  i t v
in thc sntal lcr  r t r icronic atrnosplrcr . ic  f ì .ue t i t rn.
C ' l i n  E rp  A l l c rgv  I  990 :20 :273- l t ì 0 .

10 Schr ippiCfr .  Vlonn C. \À ' i i thr ich I l .  \ \ 'urr r rcr  I lLI :
D i r cc t  c l c t c rn t i nu t io t r  o f '  t l l c rgcns  in  a r r r t r i cn t
acrosols:  I \ , lc thor lo louical  aspccts.  lnt  r \ rch Al-
l c rg \ '  I r l n runo l  1996 : l  l 0 :36 .1  ]70 .

2 l  [ ] ch rcnc l t  I I .  I l cckc r  Wì \ f  .  F r i cd r i chs  K I I .  [ ) l r -
son L ' ,  

' l i t rn i r t r tas 
[ ì :  ln tcr i rct ion bctu.ccn acrr i -

a l lcrgcrrs uncl  a i rbornc part iculutc.  r r rat tcr .  Int
i \ rch Al lcrgv Inrnrunol  I992:99:- l l_ ;  -12E

22  F r i cd r i c l r s  K l l .  l l ch rcnc l t  l l :  P rc l i n r i nun ,  r ss t r l t s
of 'anrbicnt  l ì lcasurculents lv i t l t  u r ru l t is tugc rr r r -
pîctor .  Arch Environ C'ontarrr  T ix icol  199-- ì :1,s.
l0_t .l 10.

2 l  F r i cd r i chs  K l [ .  l ] ch rcn r l t  I I :  I nvcs t iqa t ion  o f  c l ' -
c lonc  resp i rab lc  pa r t i c l c  s i zc  f rac t i ons  i r r  t h rcc
( ìcrntan c i t ics.  Int  J  Occup lVlccl  T i rx icol .  in
prcss.

2.1 Irritzsclrc C'. I lcckcr Wj\,1. Ilchrcrrclt f f : I:rpo-
surc chantbcr f ì l r  pol lcrr  to gasc()us pol lutants
1abs t rac t ) .  A l l c rgy  I  995 : , s0 :5  l .

2-5 Fr i tzsche C, Bcckcr Wlvl .  Belr rcncl t  I [ :  ; \  nrcth-
od fbr  invcst igat ing thc cf fècts ot 'uaseous pol lu-
tants on pol lcn ul tnrstructurc ancl  a l lcrgcn rc-
lc-asc;  in I ì ing .1,  [ ]chrcndt  Ì  1.  \ ' ic luf  D (cds):
N* i  Trcncls in i \ l lergy lV Ucr l in.  Spr i r rgcr .
l 9 t ) 7 . p p  l 0 l - 1 0 3 .

26 Fr i tzschc C' .  l - luss J.  Bcckcr WiVl .  I_Ìchrcncl t  l l :
Ul t rastnrcturaI  and nrolccular  invest isat ions on
thc intcrae t ion of  a i r  pol lLr tants ancl  a l lcrgcn car. -
r icrs.2.  Ef l 'ccts of  a i r  hLrrnic l i ty , . ,  sul l ì r r  c l ior idc.
and nì t rogcn dior idc. :  in l Iorsch F,  Fr icbcl  P.  Sci-
c j c l  A ,  Wicbe  I  A  (cds ) :  Rcscarch  Rcpor r  FZKA-
PLG 22.  ForschLrngszcntru l l l  Kar lsruhc I  99(r .
p p e 5 - 1 0 6 .

Bch rcnclt /  I lcc kcri 'F r i tzsc hc /S l iw'a-îrmczok/
Tonr czoki F r icclr ichs, ' [ ì  in r_r

a , lt + I n t  ' \ r c h  . \ l l c r q r  I m r n u r r o l  1 9 9 7 : l  i j . r r 9  ? J


