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TURANY|T.a . "vo lR.s .d /cn ln t i to r . fo tCh.n i t t t yH lsz 'B ldop.s r .P .OAot t l .H lnCory

A dNnti sal.ltronsa, A.l?tk.ar?, l-irtij^Ln d Jeltikle& *,rzrl1. ,l ligkorbeD o nil.oaen'
vps !u lc rpk  ' i ' a lsk" l i "d "  b .nyo lu l r .  n  n  I ' rP lJ is  kd lMnhst i *k  "ab l l jo /z i t  Ezr  3z
- . ; i$7 i " ,  "  k " * ' - rdd"  p r  q /  n l  rJ  "  Lozor ' i  LaP"Fo l , 'o '  . s l  I ' on  n l "x  n ,a , "n . " r i \8 i
nodelleh sesit*gly€l lrhotjnt le. A lsnulmdny olym modellr isaFrtet. €nelvDek :esite'

a6vel mear.jag{lhot6, hogysn firgg d sol6tFmsar-kipz6dds sebea*ae is a *lilrroDsw
lon(nLr;u.jia a lislo-l' L!"siro,r q/cnrr/;rl/" ^;"'ioi os"/" :'nlir.;1. { -.'n'i i$L
r " , -1 " ; ' r . , ' , ' ogy  r -$ l i  rcmdav L-n?dd;s ' "  a  tu  rcFcn nx id  Lon '  n rn : ' � ' i  ruzur r '  s l
.Bolat ned line6ris. ,\ salitromsv !el{tk.*s *bee*s6t ts r, gL.ri Lor.enhicinjil a t,:n-
}'drgan en js,znjlkon.e.l!(.i6 befolr,isolia.

+
l'ro.l/.!im of nitric a.iA in the atnxphse uda .UlJtd, @ndtriotu. In the aiDo-aPi,eF

rhe lronsfo.maridns of iIIe nilroaen tompounds are conrrclled by otrplicoted ntnlincD
intencliol!. Thetfore, the relarions bel$een tle .mission, con@nhation anrl d€I-silion
can be d{'soibed only by remplex molllematical modeL ln ihe PoPer a model is PF*rred
by nems dr wlicn the dependence ofthe con{:.ttrarion and the Prcduction mte of nihic
;id on rhe clremicll comlo.ilion ol thc r-lhrion etJtted is siudnd The.dl.uldiotu

n ro r '  r h0 '  r l ' c r p  F  nu  I ' n ' " r  rF l a ' i on  b " , " '  ' ,  ' hP  rn ' "  o i  r hP  n i r r i i  u1d  ! ' o Ju " run  an ' l
; ' r  r c g . n  o r r d "  " " r t "  {  ' - r  ' o n .  l r " p m d x d ' - n . t ' " o n d r h " ^ " n " ' n " " r ' o n o l n i r r n " " i d ' , '
inrnren.c.l bY rh{, hvdro&rrbon emision,rcoa.enrnnon.

-:

Introdu.tim. The acidification of soil and surlece $&tels, the damage
to eescrat inn and bui ldins marerials.ause a growing problcm i ' r .e rr l l
counr;ies of the $orld. These processes are generattd by the ucidic c,,m1'ound'.
f i rsr of  al l  bv sul fur ic and ni i r i "  r . ids bei;g deFsi led from the drm'^t ,hcrF

The du;inant p&rl of atmospheric suuuric antl njrri. Acids oriPinsres
frorn sulfur dioxide ind nitrogen oxides released by huma,n artivity. Due to
the close control for the sulfur dioxid€ emission the rcle oI nitrogen
comr,ounds in a, idic dFposilion ha\ e been gro\\ ing recenll) and this LPnden'v
is eaDe.ted to.on(inueln future. Tber. fore. studies on the formrr ion "f  ni t r ic
a/ ' id 'ha\c an rmJ)ortanl f la.e in the I ist  of  invorl jgat ions d"r l ing $'rh
s,cidic deposition and ivith environmental pmt€ction.

L franslornations ol nituogen compollnns

Nitroqen oxides, dominartly in the lorm of nitrogen monoliide. are
Isleased in:to the atmosphere dudns the use of {ossil luel, Ior exa,mde lrom
the exha,u6t of the moto:r vehicles. Nitrogen monoiide ceta.lizing the o:(ida ion

* P6per rE*.1ed on rhe EURASAP stmposiM, BudoFsr' :2_24 APril, 1936-
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of organic sl,ecies is quickly transformal into dtrogen dioxide. Nitric acid
crrll de directll produced ftom nitrogen dioxide through its reaction with
h-v, l r ' \ - \ l  r rdi .^1. Ni,r i .  a, id cr, ,  he I ' r"du.cd frnn, NO. und N.O..  as
$el l .  Tl ,osF t tr ,"  uB'tr .  cre al .o formcd from ' , i l rogen. l io i j ' ] " .  Nirr i . : r id .an
be considered as o fins,l product. It leal-es the atmosphere either directly by
vot and dry deponition or tranBformation into nitr.rte rerosol.

The amount o{ nitric acid produc€d and the rate of its formation aro
rlot onl! controlled bt' nitrogen oxide enissions. Thet' depend on the int€nsity
of solar rdi&tion, air temperature, humidity &nd tho genoral composition
of the atmosphere. The interactions of atmcFpheric trace gases are so comp-
licated that the]' can be in!€stigated only by computer bosed athem&tical

r E l

.s
e

-l'rq. L i IIF rrdsfornltion or nitr.gdL st,cciee nr tLe tuodel

Tc, construct such a mnthematicai model a DroDer chemical reaction
rnFchx' l | "m is nc.esaarv. Recent ly l t . r .od {nd hib en-qnrkpr.  rn thF CFnrral
Research lnstitute Jor Chemistry, Hung&rian Academy o{ Scionc$, els,borat€d
a rcaction mechanism for the inveBtieation oI photochemical smog lormation
(Bilces et a.1., 1985). Thrt reaction scheme has been considered to be suitablo
Tor.rur I,urposes. The reaction mechanism is a lumped one in which the
hvdrocrrbons of sinihr Foperties ere gouped and eech group is represented
bt' one species. It is base{t on th€ smog 'nechanism of AtLinson anil his
co $orkels (,4,}r;rdon et o1., 1982) trkine nrto account n€v findings and da,ta.
TIle mechrnisnr consists of 64 chemicsl reactions of 4r species. ln addition,
it has be€n conplet€d niih 24 lurther steps simul.rting the emission a,nd
depositnD of the trace constituents a"s {irst order chemical reactions. The
s.heme of those parts o{ ou! reaction mechanism. {hich relat€s to the nitrogen
upocies is t).es€nted in -Fig. l. In thc figure onlj' some import nt agentE ere

'6

E

CHOCH =CfCO3 or  l l s  m e thv l  -  3ubs t iU ted  de . iva t iv€s
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ind i .a ln. l  on rhp rcacr iun parh. .  TLF. l , ,  mi . r t  l , in  , , t  rhc rcai .L ior ,  mp.hani . rn
n r s . D c . r  r ' \ ( c d  r e f , r n s l  e m o c , . h r m b F r  m e a s u r c m c n , s  o f  p i l r s  a n , l  h i s , o -
\ \orr . rd r r , / /s  pt  d l . .  l l '7r r  an,1 , r  sond graempnt  hs LFc, ,  .b ta inpd

2. The modet

.  
For  l . ra . inc Ih._Jel rFndun.e  ̂f  Jr i t r i .  c . id  proJu"r ion on thF .ompoFi t ion

or  tnc fo l ru l ron pmrl ted thc lo l lou inc modcl  has bccn.on.r ru.1cd:  Th€ arr
corr f tp .ndrng-1o tho_ hacLeround .ondi r ion l ra\e ls  ihrouqh a c i lv .  The
compodr l ron o l  lhe pol lu l  rn ls  cmir lpd f rom the c i t r  and the srrcnqth . t  rhe

-I.\tsLE 
I

L  .  , .  i  r  . a . , , , .  6 . d  i  t n ,  qad . t  - o t  a i t , o . , s  \ t no t c .u t
or,s.l)

ltcfio
f_lHsCIlO

;:l ,fl*"; "1:" j,::i.i,;;:'j:,'j, :1""1::'";::t,f";;,i jj.l Jj."lli;"itfi,;",,,; tlli;
ar . r r '  r , { ' , , '  "  ,o r  En! i ,onn,n , . , l  p rc r i " , i ,a .  11 , , " , , " .  rh ,  ; J ; i " ; ' f_ ;_ , ; ;  ; ; " " ;

D?r1t.nt and Hot l.t91tJl
.ource  (a r ,  bc  \a r ied .  The c f f , . r  o f  d i f fe renr  en iss ion .omrhs i l ion  is  i raccdin thc air  lFa\ ing ibe. i ly using rhc.ompt. i  " t . rnic"t  *"1,r t ."  lne,. f r"" i " ln.
I .n t  hc mnLtct,  oni i rental  backgr,rund .onJir ions ba.ed,,n t  vDi.s l  Eurooean
drra anu , .r tJ-simitxr lo Budspcsr urc assumFd /?abi,  l / .  Tbe Dhv; icalparam.tpr- rre:  summpr, . te,r  r  skr. .  '  he da ih var iar ion of i  he iem poraiur"a a ndnumrdl l )  . . t rFspond 1o the monrhly a\cragea in Juty in Budalesr.  Tho aire n r c r s r n e . | | y . r r  t 0 a m . r n d t c a v e s i r  i w o h o u r s  l a t c r .  . B e y o n d  r h e  c i i y  b a c kground .mi.sion is supposFd.

. t 'o hF cr lculat ion a rc[ablc,  consistanr ba.kground.on.cnrrdl ion sor isnoeoed. | r i  ubtcrn au.b a.on.Fnlrot ion scr a modelrun only wirh backAround

'I-ABLE II
t@to* J^t 11. ,tbd^ ?aissi@s tA. r.t, ,a"" as,)

!.ac1ors
A t  I J  | ^  D  E  F  L  F I

T . ' o . r . ,  r  ] t . s  r  r  l r . ,  l . E  I  1 . 5
i l ' j i l::,:l l" i i l i if t, t, i,, i l l;
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emissiolB ha,s bee'r made. The crlc tated coDcentrations heve been coqrar.ed
{ith thc resultli of thc measurernents publi'ihed in the liter&ture and it han
be€ {ound that the concentrations calcrlatcd lue \rithin the rangc oI the
measurements rel)orted for continental air.

The first model run ha"s serled as a reference cnse in ilhich the ernissn ns
preserted in Ta.ble I :rre used. ln the further calculations these ernission vrlues
have been ch&nged and the eflects in the aiT leaving the city have becn tmced.
Sei.bn cases have be€n calculat€d: incrersed NO. emission. increased alifatic
hydrocarbon emiBsion, increared aromatic h]'drocarbon emission, and all of
their combination'i. The vorl incleesed" meens 50% in all of the cases (see
T d b t p  I  I  t .  l n  r h "  e a l  t l a t i o n " t h c m i \ c d l i J e r n v c r r h . . j r y i s 1 2 0 0 m h r g h a n d
the emitted suhtanc$ ar€ dtutribut€d bomogeneously in that ld.v_er. The
folmation of the concontmtionlt in the air l€alins the city has been traced for
18 hour-.  unr i l  6 o r lo.k next morni"g. In l luropi rhe soLir .e arcaq arF sn . l .s€
to each oth€r that usually an rir parcel spends a much shofter time under ba,ck-
sround condition.

At {ilst, the changes in the composition of the atu learing the urban lr€:,
$ere studied. In fabk IlI the typical changes are markod rvith arrors of

TABLD I I I
Qlutikttit. thMs.3 oJ rh., dntusph.ric .aror!tuti.'B b.!ar..l thL citu rttati..
Lo on rtfu 4t t Qs:.Jo th. ca\ 3 aJ rabt. . Th t d.ir.Irion aM th a 3i! a!  1 e

onlB .tLttoL. Lh. dirkrion Mtt fi. neaswe oJ the ch.t1lpo

B c D E G

Noz 1T t 1T1I .t 1I
HNO3 T 1 t t

t iI J J 1l
O 3 t ,I. f J ., t J

OH u t J 1 I
a fi 1l t 1t It
1] 1I .t 1) 1 1I 1]

Toluene t 1^I1 1I 1I 1l
so2 1 1 ,t
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diffcrcn t size$. lt can he seen that ilr the cnse of incror^qed NO" emission ((ase B )
a sisnifil]a t fall in the conceniration of oxidDnts occurs. Thet' are co.sumcd in
the transformation of the nlcressed nmount o{ N0 to \-Or. Since less oxidant is
availablo. tho oaidation of hvdrocarbons and so the production of PAN bo
comcd $lo\v.r. Becausc (r{ thc dotresEed conceDtratnD of oxidants the rste of
sul{uric acid Jormation in homoseneouE sas fhase reactions becomes lower,
thercforc tho sulfur dioxnb con.cntration is somc$hat hishcr in comDarison
$ith the reference case.

t  
tn ro r t - t rNor l .aseA ^^. l  "^".L* *"

, ?  1 4  1 €  r p , a , ?  2 !  ?

2 2 2 4 2 4 6 1

-l i/. 2.r 'lhr ..l*irF .lDngeB nr
lt,e nilric acid eonconlr6tioD fo.
ilF ft*s t, \fhich th. \O, eDris,
snn corfesponds io th., rfennce

t i .  i .  r : l he  { , hanA*  n ,  r hc  n i r  .
d.id conc.nbrtion n)f rhe .rsrs of
ino!tued )i()" rmiNion rPlatir. to
!l)e .N ii \fli.h only rhc tr_()r
{ii8sion j\ nlcr.ds..l 1{,s. B)

'l'he incr€ase ilr thc emission of aiif{tic h.i'drocarbons {clse C) cruses tittle
c h a r t F -  r , ,  r h e . o n c c n r r j r r n , n  o f  r h e  r r a " c ' , , , n . l i l L , . n l s  n l h F r  r h a n  h \ L l r , ,
carbons. Only the PAN concentration incrotrsos bt a t€s percent b€c.ruso its
formation is ]).omoted by ht drocarbons.

Tho incrcased aromatic hrdrocarbon emissn)n (ijtlse D) olso increases PAN
concentration and it also causes som€ incre!"ses in the concentretion ofoxidants.
l'or the remainins cases essentially combinations of the previous ones ha.ve
bocn ohtained. Of courlre, it does not mean that the combination of cffoct is

The changes nl ihe colcentr.rtion of nitric acid are presented in separate
figurcs. ln |it. 2 those csses olre collected in vhich the NO" emission corre,
sponds to the reference case (case A). In the fisure the chans€s of the nitric acid
c o n . ' . n r r ' ' r i o n  r c l a i i \ e  I , ,  I l , ,  ' e h r e n " c  . a s e ; r a  s h , ^ , n .  R c m a r k a b t F  . h r r g F c
can be obserled h the nitric acid concentrfl,tion. althoueh the emission of
ni l roler,  ' \ r ,1, .  i .  InL modifr .Ll .  f ; , / .  J.ho\.  the pffe,  r  , , f  rh" incrFasF in rhc

33ti
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hydmcarbon cmissior $hen the NO* erniesion is higher b1 509; then in refer-
ence case. Here the dopondence of the nitric ocid concentration on the emission
of hl'drocarbons can also be realized. Tho reason is that the l'ariations in the
hy&ocarbon emission modify the g€neral conlposition of the atmosphere
and so inJluence th6 rate of nitric aeid ?roduction.

In Fts. 4 the rclativo chang€s in the ra,te of nitric acid productiou .r,re
pr€sented Ior the cases in $hich the NO" emission cofleEponcls to the referenc€
case lcase A). The rat$ of nitric acid troduction differ remarkablv Irom that

d lHNo3 l /d l  l0 lHNo3 l /a r l

-t 19. 4, r The Elorive cImS* in l,he
$re ol nihic acid prodnctio, for
tlre .&es in vhi.h the Norenission - s
conesponds to the reIeE,G cNe P r  F  19  4  2?  ?4  ?  +  9 l

o INNO3r.r - rd lHN03l /a l

ai, i. i TIre chanses in the Et! of
nibi. o.irl pmduction Ior the caeg
ol incresed NOr emision rebiive
to the case nr vhich o,ly ile NOx
emision is incrc.4ed (c&e B)

' 2  !  b  8 n  m  2 2  2 4  2  4  A  A 1

in the reference case. Similar results a,re obtained when the ca€eB with incrcased
NO* end hydroca.rbon emi$qions are compared with th€ case in which only the
emission of nitrosen oxides i! increased lcaaa BJ (Iis. 5).

In Xig. 6 th€ overall rel&tivo reaction rat€ {or nitrogen oxide * nitric acid
translomation tu Dros€nted Ior thr€e sDecial cases as a function of time. Th6
casee are the reference one, the ca,se B i;which only th€ nitrogen oxid€ emission
is indoaEed, and a case corrosponding to tho b&kground condition supposed in
the model ca,Icula,tions. All o{ the relative transfonnation rat€s vary Bignif-
ica,ntly during the day. Their aholute ma,!im:r ar6 at, a,bout noon whon the
NO, + OH rcaction dominat€s. A Iocal ma,xirnum can bo s€on at a,bout 6
o'clock p.m. when the &action of N,O. wiih vater vapour taLes ov€r the main
rol€ in the nitric ecid formetion. The transformation rat€s in tho three cases
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di{ fe.  f rnm p€.h n 'her  " igr i r i .anr lJ  i lu f ing rhe r imc pcr iod t rudied.  Thi r  far l
t ' ro !  e3 ( l ,a t  i  h€r .  io  no l i ' ) "  t r  re le r ior r  ber  {  een I  [F at , . . lu le I  ransfornra l  ion ra le
and thc nitroge oxide concelrtretion.

3. L\ ,n nu,r!

T h e . , l . u l a l r . 4 F t , r . , \ c r b t r r h r ' , , \ ' c r a l l r p l r r i ! p r a ' e , , f n i ' r i r a c i d , , r o d u c -
l ion vJr ie.  r ' ,  a  t r i . la  rang(  . lc t 'cndinc , ' ,  rhc gcnordt  .omp,Fi t i , ,n  of  rho

u.;'1

,!'9. 6. j 1.!e overflI r.ld!iw. redc.

etmosphere. It means thet the.o is ro linear rets,tion b€tween rhe rat€ of the
ni l r i .  a, . i i l  t rod'r .r io1 and Ihe nirrog€n oxidc,.or, .enrrat ion. TheI i  e dpDcn;.
en.e ol  the rFlal i rF rrEnsformarioD .are iF atso sieni f i .anr.  We have sho$n
that the production rate and rhe conc€nrration oinitric acitl are influencea
hy hydro.Jrbol cmiosion".  thcr€f, , .e,  se "uggest rhat one cannor *". ,"* ; ;J
a n o r . r d l l r c l a l r r c t r a n i t o r m a r i o n r a r t s f o r g e n c r u l u s e i n r h e t r s n b p o r ( m n d e l s
of nitrogen compounds, at least lor the case studiaq.
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