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Abrrrct-During lhr@ sumn.! mcsunng cdpoigrc ihc .hospheric condfation ol nor-6eth!.e
hydro€ftons dd ald.hydd w.rc m.asurcd at lro siLr in Bu&pet. Teo hlndrcd .nd fony.nvc nak
eepl6 vN .nalyed for .o!-dahu. hydro€rbon enenradon and hydr@ibon composition, For
lomaldehrde a.d aetaldehyd. condtntion 185 and 122 eDplcs wcrc analy4d, BF.liv.ly, Thc total
non-nclhaft hydr@rbon onenlralion shows a charct.ristic diumal Eriation with a Fat b.rven
6a.n. and 9a,m. Al thc two sit6 tb. av.rag! co.€nlrations b.l*@ 6&n. ad 9a.m. ar. 802 .nd
606 ppbc, r.sp@tiv.ly. ComlBrirg lh. sFciation of hydr@a.bon! ir th€ rir of Bu{t!p6t *ith that
m.asurcd in olh.r citics ve bavc Ealizd . rclative surplu in C6 altans which is balaned by thc low
contributio. oI CJa altucs.

Both rbc tormaldehyde and adtaldehyde con@nlrarion were iound rather hi8h. In the downlown the
averaseconenr.aalions are 10.4and4.4 ppb,while 3 tn a*a, fron $e cenler oftn.cnythecorrcsponding
valucs are 28.0 and 5,8 ppb.

(ey udd ,der Urban nesutnents, non-melh4ne nydrmarbots, aklchydes.

INTRODUCTION

Non-methane hydro€arbons (NMHC) play an im,
ponanr role in phorochemrcal air pollurion as pre-
cu60rs ot oxidanrs. sinc€ the late 1960s NMHC
conentrations hale been reported from seleral urban
areas (*e. e.g. Srephens dnd Burleson. lq69: Lonne-
man er dl.. 1974i Nelson and Quigley, 1982i Wathne,
la8l :Crorean dnd Fung.  1q84.  Serron and \ \es lberg.
1984j Colbeck and Harrison, 1985: Sineh er al., 1985i
EPA. 1986; Puxbaum and Lanzerstorfer. 1984 Jones,
le88: Rao and Pandir. 1988). however. rhere are
hardl) dn) data from Fasrern tu'opean ciries osi-
dorov et al., 1983). The biblioSrapby ol the pap€rs
reportinS urban aldehyde concent.ation data is not as
lonS a thar ofNMHC dara but k till impr€ssiv€ Gec,
e.B. Crorjean. 1982: CrosJean and FuDg, 1984:
Schulam ?, d/., 1985i Na.rke and Lohrer, 1986 Salas
and Sinsh, 1986: Kalabokas ?t di., 1988), however, wc
couldnotnnd anydata from Easte.n European cities.

One of rhe primar' ,ou'ces of h)d'ocarbons 'n
urban areas is automobile tram€ involving p€rrol
diskiburjon. evaporar ion and au romobile exhausl tc.g.
Derwent and Hov. 19?q Hough and Der.{ent, 1987;
Ruueo ?r al.. 1988: Molnrr. 1990r. Aldehydes are
produced directly in th€ combuslion of hydrocarbon
fuek and indi@tly in thc almosph€ric photooxidation
of the samc fuels (Derwent and Hov, 1979; Baugh er
ai., 1987j Calven and Madronich. 1987). From 1970

until l989thenumber of @rsin Budapesl(525 km],2
million inhabirdnrs, incrrased from 82.0001o 448.0m
{KSH. 1989).It has caLtsed a dramatic incr.ae in the
lraflic-originared an pollution. The composilior of th.
car park in Budap€st (and in some oth€r Eastern
European ciries)is rather special because one third of
cars have lwo-stroke €ngines which emil much more
hydrocarbons and less nitrogen oxide than a fouF
rkole engine rVerctd and Bo6i .  1990) l f i (caus€sa
si8nificanl diflerence in the composition of volalil€
organic compounds, it should be iaken into account rn
ai r  pol lur ion model l ing.  nor  onlyonalocals@le bur-
because of rhe quantiry of air polluranls emilled-
probabl) on a reSron.l scale d\ well Howe,er. while
forNO,,COand SO: a monito.ine net*ork has t'€€n
€shblished in Budap€st, for hydrocarbons no m.as-
urements were p€.formed until 1987.

In sunmer 1987, 1988 and 1989 in thc frahc of a
photochemical air pollution study the Institut. for
Atmospheric Phy$cs and th. Central Research In.
stjrute for Chemistry, both h Budapest, heasur.d fie
atmospheric concenrralion of non.methan€ hydrocaF
bons, as well as th€ concent.ation of aldehydes. Two
slationary measunng eitcs wcrc sct up for lhe stud).
Site I in downlo*n Budap$l, shile Sic 2 at tbe
bordcr of thc downtown, approxrmrrcly 3 lm away
from th€ cerrer ofthe cit) rFig. 1,. Both mcaruring
platforms were localed al rooftop level (approx. 20 m
above slreet lev€l), above th€ top of the neighboring
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buildings to increaw lhe spatial representaliveness of
the measuremens. As the prinary aim of the study
was the investigation oi lhe pholochemical air pollu-
tion, all lhe samples were laker on calm. sunny

EXPIRIMEI{TAI,

I5 "  d i r . "mp les  or  h ld r r (a rbon anJ | ) . i .  t re rc  ra ten  in
elacuared (10 I P.)Pyrer glass bulbs of 1or 2l equipp€d
with Tetlon vahes. Tne analysis was p€rtomed by gas
cnromalog.aphy aiter a pNonce.hation p.@duE which
sas based on lhe hethod elaborated by S.hnidbauer and
Oehne(1985). A masurd volune ofthe sanple wasdrawn
rhrough a drling tube 6ued with grsnular maEncsiub p€F
chlorate held at 60'C and a skinle$ steel spnal lub€(1,/8 m
o.d., 6ued with quarlz chips) cooled by liquid nitrogen. All
hydrdarbon componenk lrapped in the spnal *erc cryo-
focussed into lh€ nsl sclion of the chronatogtaphic capl!
Iarymlunnand lheninjec|ed into de colnnn by hcalitrg tn$
sdlion wnh hot water, For lhc separation a 30 n long Pyrcx
glass capillary colunn oI 0.25 nm i.rernal di.mek. was
usd. Tb. slalionary phase was chenically bonded Ov lr'
OV l0l miicd silimn polyner of 3.4rm lhickn.ss. Hy-
drogen ras ued as carrier gas. A HP58,|0A gas chronaro-
graph equipp.d Nilh FID was applied for the tenperaturc
piogramncd analysis Gtan al - 5'C, aier 5 nin tbe temper
arure ras i.creas<l up to ll5'C uine r healinS.!Ie or

Hydrocarbon spccics *er€ idenrified by Etendon tin6 ot
rurhen'ic ample'. For qudnrificar.on mJlticonponenr mn.
tures ofkrcvn conentnhons *eie prcpaBd

Det*lio. Unn, dcfined as the smallest recogniable peat
on rne cnromatogiam, was approxiFarely 1.5 ppbc ior an
tn€ compon€nts, The lotal non-melhane hydroqrbon
(TNMHC) conenlmlio. was d€rernined tron the sum or

Fis. I The locaiions olthe m@6uring sites.

pcat anas lsing , calibradon factor delernined expci'-

Oli GC column could *parate ethenHlhine+tnah. 6
synrhctic nixlures, however il was unable ro .esolve rh€n
proFnyin ubicntairsanples,p€rhaps$a onsequene of
water tnained in thesmples. Tnh causcssomc un@rlainty
in ethehe concenlralions heasur€d. We could not ide.tify
each comporent h lhe nosl complex part ol$e chronal",
srab, but it ras posible lo classify lben into Sroupg
a@ording to rhef retention tines. For exanple, th€ sum oi
Dnidenlned conponents havins rere.tior lines belsen
rh i r  o f  Fheune Jnd n .hepr "1e  ,on  our  apo r_  co lumnr  a
si\en d. (C6 C-l in Tdble '. SI l. r Sroup ronsisr, oi,F(R\
ofdifierenl chemical naruE (aliph.ric and olefinic isone6)
bur Eprcsnts a denoite noleuhr weiel't range.

The los ofhydrocarbons vas careluuy exanined in 4ch
stale of the analysn (i.e in sampling, drtin& con@ntaiing,
l@usiigand CC spanlion)as weu as in thc wnob pr*d-
u@. Using synlhetic hydroclrbon nixtures of kno{n con-
posirion it was lound lhat at leasl 95% of non-methan.
hydroclrbons could be @oveel from at an sanple.

Reppdrpd ,na\*. p€rtormed on bolh.)ntheri( and am.
bienl sanples in ppbc range indicaied tnat there is no
neeuab le  change in  fJdrourbon.oncenuar ion '  * i lh in
t-2 days of sronse. on!) the concentratio. of the hi8!6t
moleolar weigbr emponenls (like xylses and Cro ali-
pha1h9 showed a @nain decrea* dunns bdg€r slorage
p€riods. C.oss{onhiniion belqeen suessive samples

l-or rhe med.uremen .f Jdeh)de conrnrarions. lhe an
was bubbled lh rou8h tne sol u ti on oI 2,4-d inniophen yl htdra'
zine in 2N HCI The sanpling eficiency of tlis m.lhod s
Bood fo. lornaldehlde bul nodcrat€ tor aelaldehyd€ (C.os
jeln aid Fun& 1982). The sanpling tim€ wd lh wilh
lolh ' ai. dov. Th€ phenylhydrazone derivatives we.c
.xrracr.d sith CCl.. After concenlralion. llle samples *erc
analyzed by CC Nith a dan. ioniulio. del€clor (se, e.g
Runen .l dl, 1988). For tne eparation, a lom long DBI
Durabond iused silica capillary column of0.25 mn inlernal
diameler was usd 3 Pentahone sas applied 6 an in|ernal
standard. For clibralio., sta.dard solutions wer. usd.

Parallel sanples were ta*e. for lomald€hyde delemin.-
ron  bJ  lh romo op i (  a . 'o  merhod TAPHA.  Ic '7 .  t  ush ih i
ud Miyate. 1980), wnich is a sinple hethod wilh negligibL
inle{erenes. This is the nadonal standard n€lhod for
tomald.nyde neasuEnenl3 in HnnBaty (MSZ 21456/
10 84). The volume ot lhe sanpling soludon wd 5 mr and
lhe air nos was adjusled lo l0 I h ' . The sanpling e6ci€ncy
ofrhe m€tbod is above 90%, and lhe detection linit at ihe
mndirions we used was approximately l0ppb. The p.ojet
ofered a posibihy to conpare tbe ch.omotroprc ac'd
n.lhod wilh rh. GC vemion of lhe DNPH nelhod. The
HCEO @nentraaon measured by lhc two n€thods ae D
aceptable ag@nent. Th.linear rcgression analrs,s g'Y.s a
conelation coefrcient of 0 85 The inle@pt ( - 0.67 I 2.16)
does not difrer sisni6cantly lron zero. Tne sbpe is 0.84
10.06. On the basis ofthis conparison ve b€lieve thai th.
rela t ively old-fasb ioncd c b romotropic .cid nethod is still a.
aepiable pr@edurc. Sal6 a.d Sineh (1986) obt&ned a
sinilar conclsior conparing the chromohopic aod m.lhod
qirh tne HPLC vebion oithe DNPH proedur..

As a qualil] conlrol lbe fotmaldehyde conenhations
obtain€d by the t*o nelhods w.re regularly onpared. If ihe
differenc6 wd not bi8g.r lhan 50%, lhe averag€ oI the 1to
values was a@pLd as the atnospheric conerlral'o..
Od€fliso we rclied on $e chromolropic acid nclhod. Thc
rason tor lhis vas the facr lbal in $me €es *e had
problens with the DNPH n€lhod dne to lbe non{alis-
lacrory puriiy of tne sanpling solulion. Bdaue of lb's
unertainty and lb. uncrlain smplins e6ci€ncy d,eoveral
by Grosjan and Funs (1982). $e a€tabenydc conenlla-
rrcn dara can b€ cunndered onl) dq dpprotina'e taluer.
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HYDROCATBONS

DurinS the p€riods of l7 Au8usl 2 Sept€rnber 1987.
5 July 18 AugDst 1988. aswellas 10 25 July 1989.245
samples we.e taten for hydroca.bon analysis.

The ajonty of the samples (l7l) werc taken be-
rween 6 r .m.  and s a m..  ie .  dunng lhe mornrng Fak
ofakpollutjon The resuhs are summarized inTdble L
As ihe data were distributed lognormally rarher lhan
normally (fi8 2). rhe geomerric means are dlso lisLed.

The diu.nal variations of the lotal non-nethar€
hydrocarbon concentration al lhe mealuring sitcs
sho* similar parrerns (fi! J) Al Site I {downlown).
rhe morning Fak i! lomewhar higher and $ider
towards lar. momrng thao ar Stte l. *hich can b€
cxplain€d by th€ different rrafrc conditiors. Hoecvcr,
ther€ is no significant cofielation betwc.n thc indi-
vidual concentration values measured ar Sire I and
Site2 ar thesame time. The main reason for this 'r rnc
different location of the stadons. The emission fi€ld ts
roughly isotropic around Sile l: ho$ev.r this cannor
be said about Site 2. Site 2 obtaim slidtly polluted ar
from lhe sedor ofSL-w. Thc doenrown, wrth a high
emission densily is ir the no hwelerly diGrron, and
there is a main street with remarkable tramc in the
norlheasl€rly direction. Thus the wind dircclion s
a main factor conlrolling the hydrocarbon level a!
Sile 2. trhile ir hardly influences rhe conenlrdtions dr
Site 1.

V'xing h.idl and wrnd speed also seem lo b€
inportant conkolling facro6. U ortunately, the pre-
t nl data ba"e i' nol sulic'enr for a mulLrariate
!taristical anallsis of hydrocarbon concenlrations and
ncteo.ological paramete$.

Although, during the last years, several papers hav€
b€€n published on hydro@rbon measurements (see
Introduclionl. rhe direcr comparEon ol the dara is

rather problematic. Th€ significdt diurnal lariation
in lhe emission as well as in the intensiry of lh.
almospheric dilution rnak€s lhe tine of sampling
crilical- Tbe height ofth€ sampling rile (Puxbaum a
Lanze6lorfe., 1986) and the region of sanplins
(downtown, suburb, industrial reSion, highway. elc.)
can also inffuenc€ the conenrarions measu.ed. In
addition lhe ransfornations initialed by lhe photo-
chemical pro@sws may modify the hydrocarbon com-
position during lhe day.

It is b.li€ved rhat ihe nost similar sarnpline condi-
lions 1o thos€ in Budap€st w.r€ durinS th€ programs
published in a pap€r by Sexton dd weslb€rs (1984) as
wellas in an EPA r€pon (EPA, 1986). On the basis of
lhese dat8, it e€erns rhc toral non-melhane hydrocar-
bon conc€ntrstion in th€ air of Budap€st is roughly as
high as. or evco highcr rhan. rhal rn lhe air ofthe big
American citics lnonitorcd.

At both sites h Budapcst onc-rhird of TNMHC Is
sltan. on thc ppbc basc. Tcr Fr cc.l arc alkcn€
and 20% are aronatics. Thc rest of TNMHC is in the
C"-C"*, groups, which may involve both alkanes
and alken€s, or unidc'tifi€d. Unfodunarely, ihese
values are incomparable wirh ddla from olh€r ciries
(e.g.Isidorov et al., 1983; Scxton and Westb€r8, 1984)
b€cause diffc.mt autho.s mcasu.ed differenl hydro-
carbon componenrs dd INMHC 6 ako defined in

Most of the hydrocarbons measured have a lifetime
or a couple of hours (Uno er al. 1985) which makes the
hydrocarbon composition less changeable wilh time
rhan the co.cent.ations themselves. Therefore. in the
compa.ison of the spcciatioq we may take less care
with the sinilarity ofth€ sanplingcondilions. Atkanes
and aromatics are sludied separably b@aus a part of
the autho.s rneasured only the first or fie second
group. Alkenes are left out frorn the comparison. In
our €xpcriment only tew alkcne species were measured
lrom which the conc€ntntion of rhe buren. isomers
were oflen below lhe dek€lion limit and the elhene
m.$urements aho involve uncertainti€s as men-
tion.d in the Exp€rimental section.

(ppbc)

Fig. 2. Fr.qlency distriburion ottotal non-nefiane 6n-
mtr.tion,

Fig. L Averag€ diurn.l v.n.ior oi tobl non-n rbane
hydro@.bon 6nenir.1ion. Dots epresnl rhe aedaSe
conc.nlration ol emplcs taken in rhc Me hou6 ot the

days.
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For the comparison rhose alkane and a.omalic good agreement with most measurements from other
sp@ies have been chosen whjch were measured in cilies. Only fie compositions reporled by Sexton
most experimonts. The relative contribulions of each and Westb€rg {1984) deviate from lhem a litde: th€
sp@ies in ppbc bas€ 10 the total of lhe chosen toluene/benzne ratio is lower in Budap€st. hido.ov
components hav€ b€€n calculated ard are p.esnted in and his cowo.k€rs (1983)data are not presenled in
Tables 2 and 3. Table 3 because they did nol measure the conuEura-

In the cas€ ol alkanes wc 6.d lower propane and tion of ethylbenzene. If we compare only those four
butane ralios and a higher n-h€xane oDe than in the aromatics which w€re measured in bolh experimcnts
olhercities listed. There is also a sliShtdiffer..ceinthe we find lhat the toluene/benzene .atio is signifcantly
composition between fte two measuring sites in Buda' lower in taningrad than in Budapest.
pest. The ditrerenc€s may be explained by the diflerent

In the case of aromatics the same compositior was enission in the cilies. Thesecities may ditrerin popula-
observed ar both siles in Budapest. The valud are in tion, indusry, automobil€ traflic, climale (e.g- gasoline

Table 2 PeGnlage diskibution oi sone alka..s on ppbc bse ir di6eE.r cni€s

Budapesl (l) Ha.w.ll Lancaster Sydney Totyo Selen Anerican citi6
site I Sne 2 P) (3) (4) (5) (6)

Erhane l0 17 19 26 l0 9 8 12
Propane 6 9 13 6 12 25 9-t7
tButane 7  6  11  2 t  l3  9  t0  13
rBurane ll ll 26 1 21 16 2+33
n-P€nrane l7 16 7 5 17 ll 1(Ft9
2-Methy lpentane 11  14  6  9  I l  9  811
3-Meth t lp€nBlane l l  l0  5  19  7  4  58
,-Hexane 11 l7 1 5 9 15 G8

Budapet (l) vienm t ninsrad
Sne I Sne 2 (7) (8)

n-Bnrane 15 18 19 23
,-Penrane 12 26 24 26
n-Heiane 29 28 1) 23
,-H@tane 12 1l 17 14
, - O c t a n € 6 5 5 1
n Nonane 6 5 4 4
n - D * a n e l 0 7 8 l

(2) Jon6 0988).
(3) Colb.ct and Harnson (1985).
(4) Nelson and Quisl.y (1982).
o) uno sr ai (1985).
(6) scxton a.d wesrb€rg (19E4).
(?) Puxbaum and Laodsro er (19861.
(8) hido.ov .t dl. (1983).

Table 3. P4mtag. dbtribulion of som. aroDatis on ppbc be in diff.Etrlciti.s

Fifi6n
8udlp€st (l) ltaRell Totyo Vi.nna S*.r Am.ri@n cili6 An ncan cid.r

sp6ies sne 1 a.d site 2 (2) (ll (4) 6) (6)

B.nan. 20 18 l.l 20 I-19 l7-2' lPiurbulsh: 16)
)9 31 49 39 35-50

Erhy lb€nze.e  8  1 l  13  8  7 l l
D, pxylene 25 2l 17 23 20 28

8 13 8 r0 1-13

3l-45
1 t 5

t5 25
6-15

12) Jon6 (1988).

(4) Purbaun and Laneslorler (1986).
(5) s€xron and wBtbery (1984).
(6) s,nsh .r ar 098t.
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Table 4. Aldehyde cor€.tratio.s in Budapel (ppb)

HCIIO

d€vialion

cHrcHo
Arithn dc Slandard Gcon tric

RanF d.virtion

Site 2
58.0

1.0 176.0 5.8
5.9
4.2

6,5
8.9

14.9 r2.8 10.4
14.6 25.8 28.0

27.0
-t5.0

Blank as the lowd end of the ange oeans lhar therc was at Last one sample in which the conenr.ation was bcto* rhc

(pph)

Frg.4. Frcquency distnbutio. of fomaldehyde
conentntio..

eyaporation), sasoline and car park compocirion (s.c
e.g. Pandn and Rao. 1990), enission control resula-
lions and many other influencing fac'or5 The differ-
ences and simila.ities could be €xplai.ed only in that
case itemission inventories and other stalisrical dala
were availabl€ for all lhe cities conpared.

AI-Df,HYDf,S

During th. three summe. measu.ing campaigns 185
chromotropic a.1d aad \22 DNPH samples wc.e
laken to del€rnin. the conentration ot aldehydd.
Thc results arc summariz€n in Table 4, while th.
frequcncy distriburio.s a.e prar€ntcd in Figs 4 and 5.

Th. formaldehldeconcenrrarion ar Srre 2 is signific.
antly hiSh€r than al Site L Ar Site 2 some extrenely
hish valu.s (lm l?6ppb) were also n.asured. lne
relative atEance of low concenratiors in rhe tr€-
quency distribulion (s€e Fi& 4)aho suggesrs a direcr,
more or l€ss pomanent local HCHO emission.

(ppb)

FiB.5. Fr.quency disdburion oI eelaldehyde
conentntion.

Perhaps bsa use of the redron m.ntroned abore rhe
tormaldehyd. concenlrarion al Srle 2 des nol rhos
any characteristic diurnal variation (Fis. 6a). Tle
HCHO concentrarion ar Sne I graduall) decreases
dur ingrhe da) .  CompaanBrhi rdai ly  palLem wrth thal
of total non-melhane hydrocarbon concenl.ation we
find that the morc intensive dilution doring lh€ after-
noon i! largelt comp.nsaled by lhf pholochemical
production of HCHO. (We assume thar therc is no
fomaldehyde couc {hich operares manly in rhe

The formaldehyde concenl.ations at Site I a.c
similar lo rhose in the Aoerican cilies pres.nL.d by
Sala and SinSh (1986r. aq well ai by Schuiao pr aL
{1985, and ool} d few exGd rhe values measured
arourd Paris (Kalaboka "r dt, 1988). Th€ corertra-
lions at Sne 2 are hider rhar rhosc published h the
literaturc and lhey frequently .xcccd the ma muln
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Fig.6. Diur.al vanalion oI lomaldehyde
(a) and aetaldehyde (b) co.enrErion.

value allowed by lhe Hun8arian Health Standard
135 pgm I =approx. 28 ppbi .10 min value).

Th€ acetaldehyde concenrrations ar Sile 2 are also
son€what higher lhan at Site I but theysbow a similar
d iurn i l  pr r rem (Fig.  6br .  Ar  borh j res rhe conanrrd-
lion decreases du.i.g the day. Compa.ing the data
with lhose publisbed in ihe lile.aru.e (Schulam er ai.,
1985i Sals and Singh. 1986; Kalabokas er al., 1988),
the acelaldehyde con@ntrations measured in Buda-
p€sr sem rather high. The concentradon frequenlly,
\omel imr:  s iCnrf icanr l ) .  exRd\  rhe Hungar idn
Standard (10 /gn 3:approx.5.4 ppb;l0nin value).

A posible rer.on for the hrgh aldeh)de concentrd-
lior in Budapesl may bethe high number ofcaB wlh
lwo st.oke engines (Mer€tei and Borsi, 1990). How,
eve.. unfo.tunately. this idea cannot be sDpponed
satistactorily yet because offie limited numberofdata
lor the composition ot the exhaust gas oftwo{troke
engines typical in BDdapest. The higher aldehyde
concenkalion at Site 2 may beexplained by unknown
Iocalsources.  perhap.  b)  rhe ho(pi 'a l .  dnd c l in ics in
the licinity of lhe samplinS siie.

CONCLUSIONS

On lhe basis ofthe analysis of air samples we could
obtain an impresion of lhe hydrocarbon and alde'
hyde pollution in the air olBudapest. we have found
that rhe conce.lrations of lhese orSanics are as high
as, or in some cases even hider than, the big cities of
the world reporled in the literature. We have dis-
covered certain devialions jn the speciation ofhydro-

carboDs b€lween Budapest and the olher cities in the
€ompa.ison and {e have aho realized thar the alde-
hyde con@nt.arions are rather high in Budapesr.
How€ver, in lhe lacl( ot emission inventories and
reliable data for the exhaust gas conposition oft*o-
slroke engines. these diflerenes cannot be dofinitely
a l l r ibured  ro  lhe .pec ia l  cdr  par l  .onpo j r ion  in
Budapest at the present phase ofthe research.It may
b€ sihply the consequence ofdifferenl gasoline com,

,,l.lnosl?4rsads We acknowledBe all rhe penons.nd
'nstjtulions who contnbured ro rh. r.aliation ollhis projcl.
The measuring siles were provided by the D€partmenl for
Aslronony,E6tr6s Lor6nd Univesiry, Budap€st, and by lhe
Institule to! Public Heafth, Budap.n. Special thanks to lhe
Iosiute lor Public H€aitn for lhe technical assntance.lbe
project ws partly spo.sored by tbe Ministr, for Envnon-
nentar Protectlon and Warer Mame.hent. Hungary.
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