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ST~ U C TU RR J~ THE ATMOSPHERE

The a tmosphere  of t he eart h con si sts of o m i ” t u r e  c f  ~‘os~~s

which completely envelop our planet and follow its rotation.

The air is connected to the earth mainly by gravitational forces

and only in higher layers , i.e. above 1000 km. the electrom~i gra~tic

inter~ietions becon c~ doninont. The t ot al mass of th e atmo srh ere

is anproxin~tel1 y ~ x l0~~ ~g. ~~~ cJ represents only one m illio nth

part of the mass of our pl~ r~ t. However , th e atmospher e i s

very important for development of the earth and r~ar t i cul ar ly

for development and exist~~ ce of life. The atmo s~ h ere protects

the ear th surf ace f r om hi gh ener gy r ad iat ion f r om the un iv’~rse ,

either by reflexion or by absorption in higher layers.

Radiation from the sun correspond s quite closely to radiation

of a black body. M axi m um ener gy is r ad iated in the visi ble band

which corr espond to a temperature of 5700°K at the sun ’s surfac e.

Most of that radiation passes through the atmosphere and is abeorbed

on the surface of the earth. The ear th , however , being a significantly

cooler body, emits mostly in the infrared radiation band where

many atmo spher ic com pon ents , such as H90 and b02, absorb veoy

strongly. Thus by absorbing infrared radiation ,the atmosphere

p revents cool ing of the planet wh ich is most si gnif icant at

night. This phenomenon is known in literature as the “greenhouse

effect” , thou gh in greenhouses there is another d ominant  mechan i sm

i.e. prevention of convection ~~~~~~~~

According to literature the atmosphere can be divided into

a few layers (fig. 1). hext to the earth ’s su r f a ce~ up to the

- - - - - -..~. 
- -
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al t i tu de of about 10 k ilometers  t he re  is  a l a y e r  r e fe red  to as

troposphere . Here
1
the air gets warmed by absorption of

infrared radiation , by direct contact with the warmer

surface of the earth and by friction due to flow of air currents.

The temperature falls with altitude from about oO°~ on th’~

surfac e to about —5~)°C ‘it the upper limit of the tronosnhe re i.e.

in the t rop opause .  : he  l ayer above the tropopause i.e. at the

altitudes of abou t 10 to ~0 k m .  is r e f e r ed  to as the st r a to sphc re.

In lower st ratosph ere the tempera ture  is app rox imate lly const ant

at a bout — ~0°C. At altitudes beyond 30 km. the temperature starts

r ising and re aches about 0°C at the upper l imi t  of the 
/

1

stratosphere - in the stratopause. This rise in temperature /
is caused by ozone ,which almost completely abo-~~-~s sun ra di ation

in the wavelength range from 210 to 310 n~ Above the stratopause ,

and up tc’ the a l t i tu d e  of 80 km. is the me~ osphere. Here , there

is again a negative temperature gradient and the temperature

Ic  ~he me~onause drops to _800C. Above the me~’opause , in

the so called thermosphere the t empe ratu r e sudd enly r ises , though

t’e~’ause 0± the degree  of rarefication the concep~ o f the

kinetic theory of gases may no longer apply. \
~h ile  below the

me~opau se , the changes in the nressure , temperature and density

(at about 80 km.) depend mainly upor~ metereolo gic con d i t ions ,
at higher altitudes, the dominant factor are solar activities.

Accor d ing to i ts composit ion , the a tmo sphere may be d ivi ded
- 

tr~e
int~~~iomosphere , up to the altitude of 100 k m . ,  which has an

tr~anrr xim ’itely constant composition of air , and~/heter osphere ,

above 100 km. , where separat ion of gases occurs  due  to gr a v i tat i o n .

Sr the the r mosp h ’~re the re  is a l~~t’ger p r op o r t i o n  of ion i sed

I

L - - ____ _ _ _
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particles w h i c h  are formed due to intensive shortw;ive radiatior ..

~onsequent1y, bec:iuse of its romnosition this layer is also

r e f e re d  to as the  ionosp her e.

t•rmoslva

io m.zc ,Cu,a~~~

mIzo. *ra

\
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~
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i~ig. 1 - /1/ thermosphere ;  /2/ me%opause ; /3/ me~ ospher e : / ~/ Lst r~~o.p-~~-se
/5/ s t ra tosphere; /o/ tropopause;/7/ troposphere

— Temperature (t) and ultraviolet radiation in the

earth’ s atmosphere as a function of altitud e (h).

The curv e on the r ight i l l u s t r a tes al t i t ud es th at can be

penetrated by radiation of intensity 10/e. 10 is the intens ity

of the sun ’ s roatation outside of the atmosphere and is dependent

upon its wavelength 0.)

In higher layers the in t e r a ct i o n s  wi th  r a d i a t i o n  are r a the r

complex. Consequently,we will discuss in the following text

only the lower atmo sphere i.e. the troposphere and the stratosp here.

Neather changes take place primarily in the troposphere.

A vertica.l exchrinn~e of air masses takes place due to

hy~drostatica1ly unstable conditions due to elevated temperatures ,

and horizontal exchanges of air masses occur due to winds.

Sometimes , such exchanges cause formation of temperature inversions

~~
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where t h e  warmest layers of air are found at altitudes between

200 and 2000 m. (fig. 2). In such cases the air above the surface

of the earth forms a hydrostatically stable system within whicl

vert ical exchange is drastically reduced . Th i s f avours accu mula tio n

of various pollutants in the atmosphere. in Zagreb ,a~peara nce

of inversions is relatively frequent (3) in any season. It i s

thus not surprising that period~ of int ens ivfty pollu ted air

are frequently observed.

(a) (b)

~~~~~~~~~~~~~~~~~~~~~~temp. tSI7~~

Fig. 2. - /9/ a l t i t ud e

- Temperature inversion : (a) loW level and (b) high altitude.

Two interesting problems of the atmosp here have been g iven

little attention by scientists : 1. its origin and development

and 2. ~~ composition. Consequently, very littl e is to da y

known about these problems. While major components of the

atmos phere are in most cases listed in orden of their comcentratio*s ,

a closer analysis reveals that with exc eption of the noble

gases , all atmosrheric gases participate in comp1icat~C1 
~yeles 

( 1+ ) .
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C, nd ~~i a ~0 1 o  l OOSe!’ 01 V0!’~ O U S  p 0 , ~~jd0~ , 01 1001

I ~~ ~~~~ ~~~~ 1’ o~ -~~~~~ d . t u e  5 0 0 i ’ C e S  C O ul 1  So ‘10100010 0] ,]i::,1 10:

on. -ii t~ os , S i  o i o~~i COil 000 Cii- :~~cai l r ’0 0 0 0 5 o.

i i i U L ~d t I ’ I0~ Oii U ot u i e l ’  1 000l a e t i vi t i : , ;  . on toe  Otl eI

is , -au - cs a I , -o fl ~- o E - ~~ear ’ l i o n tue  0t l :,o5 l~~~:ro J~~~- t o  ‘10!’ JU

peocc :  sos  s . o i i  as p ro  c i p i ta t iu i i  In  toe  i.flfl’~~~ 01’ i~~ t 1 d j~ 0Oi’ :,

0 0 d b ; : ! O hj  L i o l u d ’ ica l  p r oce s se d  I~ t i e  a t n o s p n o r’o -~~~:‘ 0~~ toe 5 1000

of t i e  o nt o  ox’  by d i f f u s i o n  int o  to e  U~~~~o:’ ~ ayo: .: to toe  p f l i t  ~f

od 00b ing  l it o i i i t e xp i a i ~a tary  sp a c e .

j i b  r ’O s i u c u I d e  t i n e  of va r ious  ~~0, ; od  l i  t i e  t i n  n d S : o:’o J a r l C d

o n i si ucr a b l y . OuSo are aecuinula tes ooi’Io~ e c o o u ~~l c aj  tiu:~~~~ -~~,

,e , hr , Xe , h 2~ w i l l e  con c e n t r a t i o n  u l~ oti ci’s I’ onaii,eu appo oxinately

eoi:staiit. lucy coulu  be rogarucu ~~d 50110 ii, 0 ~~do00U— . t a ti on ar y

stOLe . Gases Situ vo lume  (or  00101’) pi~~ p u 1 t i o n s * C X C C e d i i .(  10

ax’c l i s t e d  in t a b l e  1 anu a re  gl u U p o U  a c c o r u i i~~ to toeir cycles

*100 v o l u m e  pr o p o r t i o n  ~ of a gas ( i )  in t u e  a i r  is equal  to the
r a t io  of toe v o lu m e  of t n a t  gas (V i ) anu the  t o t a l  volume of all
coir i ~~or ~o n ts  of t he  a i r  ~~ =v 1/E~ V,~ at equal t e m p e r a t u r e  and p r e ssu r e .

i” or an local  gas toe volume p r o p o r t i o n  is equal  to the p a r t i a l
(molar ’ ) amount  ( x . = n . /l . n . ,  r e p r e s e n t s  the  amount of the  j — t h
co m p o n e n t .  Volume p r o p o r t i o n  of a p o l l u t a n t  is u s u a l l y  of the

oruer ’ of l :a g i i i t u d e  of l0~~ or l e ss .  fous  i t  is o f t e n  exp re s sed  In
p a r t s  per  m i l l i on  ( p p m )  or p ar t s  per u i l l i o n  ( p p b ) .  More r a r e ly

it is g i v e n  as pphm (parts per hundred million) for 10 8 and ppt

(p a r t s  per  t r i l l i o n )  for  l0~~~
2 . r IO  avoid  c o n f u s i o n  it  is i m p o r t a n t

to n o t e  toe  hn gli sh  and buropean  con t i n e n t a l  sy s t e m  of n u n ; L L r s  
- -

differ. h k i i l e  we use m i l l i o n , b i l l i o n  and t r i l l i o n  fo r  ,
18 u 9 11 .auiu iO buoy represent 10 , 10 anu 10 in tu e  an g l i sh  system ,

r e s p e c t i v e l y .
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Table 1. ~~cle~ ~ f ‘ogre i m p o r t a n t  a tmg ~~~her i c  vn~~~ /L :ii~e 2*7

/ 1/  Gas; /2i’ Volume n r o p o r t i o f l  ~ l0~~; /3/ Aesidenoe time in the

troposphere; /1-tJ Cy c l e :  /~/ do not nortici~-a t r - i~ cycles ;

/o/ b io log ica l  cycle  prevalent ; /7/ variable ; /o/ days to weeks;

/n/ i n f l o w  preva l en t ly  b io log ica l , o u t f l o w  p r e v a le nt l y  ohys i co—

c h em i c a l ;  / 10/ physico—chemical cycle prevalent.
•Vrije 7ne

Volumn i zädriava n~a Cik iusI’lin udje l 10’ u .tropo - ,,,
_ _ _ _ _  

~~ 
‘
~ fer i 3 

_ _ _ _ _ _ _

Ar 9300
Ne 18 ne sudje luj u

1,1 U cik lualma
Xe 0,09

N, 78X 10 ’  1O’ a
0, 21 X 10’ 10’a
CO, 3-15 l~~a pret e~no
CH 4 1 ,1 Sa  -bio1o~kI
H., 0,4 5 a ( 7 )  cik Iu ~
N,O 0,25 b a
Co 0,1 0,2a

H ,.S/SO, va r. 7 
— 

izvori prete tho
- dani bio1o~ki

NH , var. 1 q odvod i
NOINO, var. 0 t~ d

0 pre t e±no ~l3 ~‘ f iz ièko-
CH~ var. -

‘ -kemijsk i

var . ? J Od  pre te~no
0, var. 0,3 a t izi~ko-
He 5,2 10’ a -kemij skl
Rn var , ? 3d  cikJUS

the t roposp here  thus  r ep resen t s  an enormous c o n t a i n e r  w i t h i n

which a ser ies  of complex processes  are tak ing  niace.  Under  the

in f luenc e of radiation many pollutants decompose into very  reac t ive

r ad i ca l s  which  react  f a r t h e r  with  other ~ng re di e nt ~ in the a i r .

Aerosols  are fo rm ed , wh i c h  o f t e n  act as c a t a l y s t s  f o r  new

chemica l  r e a c t i o n s .  P ar t i c ula t e s  and s o l u b l e  gases a re  washed

oat  of the atmosahere by arecipitation and thus it ~ s ex~~~,lkoec~~ se’of

-the gr e - i t  a c t i v i t y  of the t r o p o sp h er e  that  i t s  composition has not

b een h i s t o r ic a l ly  s i g n i f i c a n t l y  c h a r r e d  even in the  r r e sen c e

of v a r i o u s  sou r c e s  of st r ar ~’e ro ses .  Only j r  recent t imes
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have huma n a ct i v i t i e s  become so la rge  t h a t  they s ta r t e d

to effect the composition of the  a tmosnhe re .  This  is o a r t i c u i ar ly

noticable in regions of dense habitation and large conc entration

of industry.

Tt~0P0SPHE~ IC P O LLU TA bTS

Increase in/concentration c-- articination) of certain matters
or particulates in the atmosphere can have detrimental effects

on human i~ea1th, on animal and plant world and on many technolocical

materials. Such gases or particulates are r e fe red  to as r o l l u t a n t s

and are classified as nrimary and secondary, depending upon

the manner  in which  they enter  the a tmosphere .

P r imary  p o l l u t a n t s  enter  the atmo sphere directly from a

na tu ra l  or a r t i f i c i a l  source.  Thus , car exa iist gases con ta in

carbon ~x1cnov1de, carbon d iox ide  and some more complex organic

compounds as main primary pollutants. Secondary pollutants are

formed due to chemi cal or photochemical reactions in the atmosphere.
These are represent~d by

Various p ro duct s of ox idation such as ket ons , al dehides ,

n i t r i t e s, s u l f i t e s , ozone and other.

~-\ccording to duration of their effect ,the  p o l l u t a n t s  in the

atmosphere are sep arate d into trans ient , loc~~ y effective pollutants .

which do not reach more than 100 kilometers from their source rinc

those with long term effects which are apparent in changes of ttlC

composition of the air in large areas and even in distixrb srces

of elobal conditions. The life of a pollutant in the atmosphere

depend s very much upon the natur e of its source , meteorological

c o n d i t i o n s  and the  mechani~~ ’i~s of i t s  from the atmosp here .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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tho ma in routes for diseosal in t h e  t r op o sp h er e  a re  c h em ica l

reactions , washine out by pr ’~cinita ticn and gravitational

s e t t l iu r ,  in t h e  s tr a t o s n he r e  t h e  l i f e  of n o l l u t  an t s  is

c o n s i d e r a b l y  l ong e r  bec ause  t he re  are fewer possibilitie s for

d is co s a l  and f c c  nh o t o oh e ’ n lc a l  reactions are most i o n o rt h n t .

Sources 01’ r o l l u t a n ts  ‘nay be e i ther  n at u r a l  or a r t i f i c i a l .

though  n a t u r a l  sources  genera te  more of t h e  a t m o s ah e r i c

r o i l u tar ,t s  they are of less consecoen c e to h um a n s  b e c a us e  t h e y  ~ -u~
d i s t r i b u t e d  over the whole  s u r f a c e  of the e a r t h .  ‘u t h e r m o r e ,

n a t u r a l  p o l l u t ant s  have p a r t i c ip a t e d  f o r  mi llen i a  in n at u r a l

processes  and l i f e  on ear th  is adapted to such c o ndi t i o n s .

~rt i fj cj a l  n o l lu t a n ts  s t a r t ed  to inf luenc e the  co-sr si t i op

of t h e  a tmosphere  only in recent t imes .  Sources  of such r o i l ut o nt s

a re  c o n c e n t ra t e d  in nar row reg ion s  wh ich  are , in ca d i t i o n

also den~~ y por u la ted .  Con s e n u e n t l y ,  a la rge cart ~f the copulation is

d i r e c t l y  exp oscd to t he i r  damag ing  e f f e c t s .

2~ Program f o r  Environment  (U. N . Environment  ‘
~r ogr an ’s e , U h E P )

w i t h  d e f i n e d  o bj e c t i v e  was founded  at the  2 o n f e r en c e  of th~ Ur d t ed

N a t i o n s  on Human N n v i r )n m en t  in J une 1072 in S tockholm.  the f i r s t

task is an ev a l u a t i o n  of the  q u a l i t y  of the  env i ronment , th e 1 so

called, “Earthw~tch” (i). Th i s  task  inc ludes  mea5L ~”-~ s ’m t s  of

no ~ Lutants in the atmosp here and related eua’ninotions 1 s u ch as

c rj t f l !a l  ev a lu a t ion  of d a t a  and exchang e of i n f o r m a t i o n .  W i t h i r

t h i s  f r amework  an i n te r nat i on a l  meet ing  was held in  l°7~+ in

N a i r o b i  where  a p r i o r i t y  l i s t  of major p o l lu t a n ts  was

:r ° ar e d .  Ai r  p o l l u t a n t s  were  l i s ted  acco rd ing  to t h e i r  decree

of h a rm f u l n e s s  as f~~1 1’-) ’ s : 
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1. sulr ur dioxide and suspended rarticulatco

° o z o n e

3. n i t rogen  oxides  i~O and ~
O 2

1+. lead and carbon dioxide

5, carbon monoxide

u. azbes tos

7. reac t ive  h y d r o c a r b o n s  i.e. h y d r o c a r b o n s  o the r  than sethan e

Sulfur d~ qx e _aji~~suspended particulates

90~ of the ~o11uta~ts mass is representea oy gases and aerosols represent

o n ly lOa . One half  of aerosols  enters the a tmosphere  d i r e c t l y
as

as d u s t , ~prayed sea foam or as waste  f r o m  i n d u s t r i a l  processes .

The o ther  half is formed  in the atmosp here itself as a produc t  of

a ser ies  of chemical  reac t ions .  A large  pa r t  of solid susperidet ’

p a r t i c l e s  enters  the atmosp here as a product of burning , similar

to s u l f u r  dioxide. In t h i s  way,  twc types of po l lu t an t s  are

o f t en  rega rded  as one.

Su l fu r  d i o x i d e  and smoke are lang k nown as a tm o sr h e r i c  /p age  21+

p o l i ut a nt s .  Most d r a s t i c  examples are re la ted  to black

London fog - the  so cal1e~ smog. The name s’no~~ is der ived f r o m

the ng l ish  word “ smoke ” f o r  smoke and “ fog ” f o r  f og ,  which

are two p r i m a r y  ~‘auses of appearanc e of a s u f f o c a t i n g  and

d ark ~~~~~ In r o-cent  t ime s the meaning of t h i s  word has been

broadened to inc lude  o the r  types of fogs  caused by po l lu tan t s .

Air pollution in London was noticed more than three

centur~ es ago. In lobl John Evelyn , in his i?um igumium , assignee

t oe cause of high mortality of chi ld ren ,up to 2 years old , to

air no1Iution (~ . This type of pollution apnears in

_ _ _ _ _ _ _ _ _
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relati~:ei:r cold -,~heather and at high relative humidity . T h i s

p o l l u t i o n  is caused m a i n l y  by b u rn i n g  of coal and f o s s i l  f u e l s

~containing a high level of s u l f u r)  in p owe r p l a n t s  and it hon es .

~i r , o o l 1 u t . ’ -J by silt-a r’ dioxide ,acts upon breathing routes

an~i causes bronchial  d i f f i c u l t i e s .  Long exposu re  to s uc h

c o n d i t i o n s  may cause death , p a r t i c u l a r l y  in sens i t ive  p ersons .
‘ f V  1-’:! ~p~~ ondon ’

This , the dea th  of abou t  +utt people  t h at  a we ok i~

is attributed to a dense smog. Such polluti on appears ,

t o  a s mai  i on  d egr e c  at otoer  p laces ~ch -as in the valley of

the  r iver  Meuse ( i3elgium) , near  P i t t s b u rgh  and in N e w — l a r k  ¼ U~~~),

in the v a l i o v  a ” the  r~ ver Ruhr (h e r ’s a n y ) , in h o t t e rdam (N e t h e r l a n d ) ,

Osaka (Japan)  and o ther .

It is certain t iut sos ce and sulfi~’ d i o x id e  h ave  h a rmfu l

e f f e c t s  on human health even in smaller concentrations. It was

thus 1’ u:t in l-~ew Yo r~-: tha t f-sore arc 10 to 2e) more instancies

of dea th  when volume c o r c e n t r c t in n  of SO 2 is above ~~~ :~:°
( n a r t a  n cr  ~n t l T ~ an)  th a n  ‘‘h~~s if is ~~‘lo~.i ~‘ . ~ pu’s (7).

The tragedy of  l9~ 2 in London has prompted  th~ b r i t i sh

Parlarnent to form a coni~ittee to investigate methods by wnich

s i n i T h r  ocu r r eno es  could be prevented . ~iy use of very tough

re al a t i o n s , t h -~ so called Clean ~ir Act , wh ich  f o r b i d5
t ’ /  ‘ i2 - ‘ aew trageties of this tyo~ were
b~-~~~~~~~j n London ,/ succes fu F ;

p ,~~~ ~~~~ 
-
, - -

~~~~
•
~~

‘ - ‘
~~~ 

‘ fh r3~ o~~U :j t i  ) j 3  res~~i t e d  irr~’~ign i f i c a n t
1I~4

r edu c t i on  o f (~~-n c en t r at i o n  of pa r t i cu la t e s  in. the a tmosp her e ,

and was a c c o m p a n i e d  by a somewhat smal le r  change in~’concentrat *’ofl

of SO 2.
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h. basis of anolysi s of published data on h a r m f u l  e f f e c t s  of

SO ,-, -u - .d su spended pa r tic les , the value s given below were propo sec

by the World  Heal th O re an i z a t i o r .  ( WHO ) as m a x i m u m  a l loy e d

em i s s i o n s  or c o n c e n t r a t i o n s  of p o l l u t a n t s  i~~~the a t m o s p h e r e .

These values  a re  prop osed  as ob jec t ives  f o r  a i r  q u E l i t y  ( h ) .

yearly average 98~ days below

SO2 60 ~tg m~~ (0 ,02 ppm) 200 ~tg m (0 ,08 ppm)

smoke 40 p,tg m ’ 120~~gm ’

In Zagreb , regu la r  d e t e r m i n a t i o n s  of concen t r a t i o r~~of

s u l f u r  d iox ide  and smoke (9) have been taken s ince lQu~ . These

values  by f a r  exceed the p roposed  maximum s , as well as the

l i m i t i n g  values of other  c oan t r i e sL lo ) .  Th us , average  y e ar l y

volume p r op o r t i o n s  of 302 were f o u n d  to rang e f r o m  ~~~~ to

over 0.15 ppm. The highest  monthly  average of 0. 2~i- y- ’~~ “ nor dec

• in J anua ry  l95~ ( 9) .  Such h igh  concen t ra t ions  are excep t iona l

even f n ~’ wor ld  p r o p o r t i o n s .  ~r crea sed  mor t~~i i t y  was a l ready

r o t i c e d  at  con cen t r a tions  exceeding 0.2 ppm. I t  is t rue  t h o u gh ,

t h a t  d u r i n g  the  above ment ioned episode of pollution in Lon don

in l°52~ the  ave r age  volume p ropo r t i ons  of SO2 were 1.3~+ ppm f o r

d u r a t i o n  of two days~ 1l) . Average year ly  concen t r a t i ons  of s moke

in Z .iirreb are also above recommended s t anda rds  and ar~ f o u n d  to

be between 50 and l8O p gm ’.’ During the winter  months  the

a i r  in Zagreb  is particularly heavily loaded with smog of the

so called London type.  U n fo r t u n a t e l y ,  co r re l a t ions  wi th  any

number of death  incidents  are not Unown . 

j

_ _ _ _ _ _ _ _ _ _ _ _  ~~~~ ‘_—-~~~~--~~~
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~hpt~~ hemj ca 1 smp g

In the USA , a i r  po l lu t i on  is  most apparent  in  the c i ty  of

Los Angeles  in ‘~alifornia. Some natural fog formation is favored

there by its climatic conditions i.e. frenuent temperature inversions

and configuration~’of the ground . back in l5~+2 when d .R. Cabrillo

discovered that country he name d the guiph at Los Ange les

“Bahia de los humos ” (gulph of smoke) (12,13). Even befo re the

Second ‘~‘iorld War it  was obse rved  t h a t  p o l l u t i o n  in Los Angeles

is of a different type than that of London. While the population

of London compla in e d  about  the i r  b ronch ia l  d i f f i c u l t i e s, the n~a i n

e f f e c t  of r o l l u t ion  in Los Angeles was eye i r r i t a t i o n .  Th~ f i r s t

s tep s  to con t ro l  f u r t h e r  p o l l u t i n g  were unde r t aken  in 19~+7.

T~ e f i r s t  r e s u l t  was a r e d a c t i o n  of the amount  of dus t  in the

ai r asH t h a s . ’~r in c r e a s e  in v i s i b i l i t y .  However , the  main s y m p t o m s

of r- ) 1 .u t i o n  — eye i r r i t a t i o n  and ha rm to p lan t s  — were not

r em ov ed . An i n v e s t i gat i o n  of the n a t u r e  of ~ol 1utan~~ was th~~s

a r n e r t a k e n .  I t  was found  tha t  u n l i k e  in London  where the a i r

h a s  r~ ’1ocing -a c t i o n  due to large  c o nce n t r a t i o n~ of SO~~ the

r o l iu t e d  a i r  in Los Angeles has  o x i d i z i n g  r r o p e r t i e s .  ~~rini*g

e f fe c t s  of thi s  type of po l lu t ion  can be a t t r i b u t e d  mainly  to

the  presenc e of ozone , p e r o x y a c e t y l n i t r a t e  ( CH 300 2ONO 2, PhN ) ,

v a r i o us  o rgan ic  peroxydes  and a ldehydes  and n i t r o gen  cr~ides.

t” i r s t  e f f e c t s  at low concen t r a t i ons  are observed on p l an t s .

Some particular plants such as tomatoes , tabacco , beans etc.

show leaf damage even at relatively low p r o p o r t i o n s  of ozone

or PAN in. the air (12 , 13). Plant damage in USA 4 due to photochemical

smog ,  is e s t i m a t e d  to exceed 500 m i l l i o n  d o l la r s  per  ye a r .  

-- -- --- - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -~~~~~~--
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‘wh i l e t,he re are no known i n s tan c e s  of ce ath  t h a t  ‘an be ~~ ‘ibuted

t o  nho t o ’h n - n i c a l  sm o g ,  i t  h as  Ot-eS obs erved ~a s i de  f r o m  the

a~~r e a o y  ‘sentioned eye aSO mucous -nemo rane  i r r i t a t i o n)  t h a t
ath1et~s h~ m re( ac’ e~’ st r en c t h  ar-c t h at  a s t h m a t i c s  have

i ncr e a se d  fr o c - u e r c v  of a t t a c k s .  As a s t a n d a r d  of a i r  cu a l it ~
L SA allOweS one hour  av e r a g e  max imum of O .0~ rn ’s of ozone ( 15)

w h i c h  mus t  not be exceeced more t h a n  once -a year .  Th e World

h e a l t h  O r g a ni z a t i o n  recommends  the va lue  of O.Ob ppm as the

m a x i m u m  t h a t  s h ou l d  not  be exceeded ( b ) .  Besides ozone ;  main

~x i d n n t s  a re  n i t r o g e n  ox ides  and organic peroxides.

Ozon is a n a t u r a l comp onent  of t he  a tmosphere .  Under  shortwave

u l t r av i o l e t  r a d i a t i o n  in  the s t r a to sphe re  oxygen d i s soc i a t e s

in to  i t s  a t o m s :

20 (1)

:hese r e a ct iv ~ a t o m s  f o r m  ozone :‘ trt .- n~ lecular  co l l i s ions

with ‘5)1 ec uh es of u :v g e n

O+ 0 1 + M  O~+ M  ( 2 )

where  ~1 r epr e sent s  a solecule of air (usuailv N or 0 ), which• 2 2
t akes  awa y exces~ ener c ’y.  Ozon a b so r b s  u lt r a v i o l e n t  r a d i a t i o n

/
very s t ran i ~lv and t hus  t h i s  r a d i a t i o n  does not at a l l  p e n e t r a te  /~ pt1.

in t o  the lowe r t r op o s p h e r e .  Under  i n f luence  of sun r a d i a t i o n

ozone also phot~~~i s s o c iat e s

~~~~~~~~~~~~~~~~~~~~~~ (3)

o zone -a~ so d e c om p o s e s  upon c o l l i s i o n  wi th  atomi c oxygen :

01+0 20, (~~0

-~~~~- - - ~~~~ -—
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A c c o r d i n g  to Chapman ( i b )  the  a tm osp he re e s t ab l i she s  a

c~~r t n i n  er , uj l i b r i um  and a r e l a t i v ly  s table d i s t ri b u t i o n  of

volume ~ropor~~r~n~ along altitudes. Chemical reactions ,

n ar t i c u l a rl y  those wi th  r ad i ca l s  such as NO R ,  C1O~ ri nd

HO~ (x  1,2). are essential fo~~~ inal equilibria’s and

distribution. A typical profile for the ~orthern Hemisphere
~~~~~~~ ~~~~~~~~~~~~~~~

is  shown in f i g .  3 ( 17) .  The vo lume n-~~~~~~~±-~n of ozone is

a~ maximum at the a l t i t u d e  of 35 km. , where it has a value

of 10 ppm. Because of i t s  compos i t i on  th i s  layer  1)1 the

a tmosphare  is also  called ozon osphere . This  l ayer  ac t s

as a p r o t e c t i v e  f i l t e r  which p ro tec t s  the s u r f a c e  of the

ea r th  f r o m  h a r m f u l  uv•. r .~d i a t i o n.

60

—

20 —

o 
0 5

~~Jr~~ 4

(1(,1~t ~~~~~~~ ~Fig .  3. — Profile of the v o l u m e  p n  of  o z o n e  (~ ) as

• a function of the a l t i t u d e(H ’

_ _ _ _ _
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0’~one moves from tha stratosp here i.~~tn the troposphere
(Lt

by d i f f u s i o n  and  by the v e r t i ca l  ex~~~~~ -e of a i r . Thus ,

t h e  e ar t h  cur  f a c e  t h e  c o n c e n t r a t i o n  of ozone d u r i n g  one hour

va r ies  be tw e en  0.01 and 0.05 p pm ( i t ) .  Mor e  r e c e n t l y, ,~a new theory

~~~ pr onose~ t h a t  a m aj o r  pa r t  of the t roposphe r i c  ozone

f o r m S  by f o t oe h e m i ca l  nrocesses  w i t h i n  the  t roposp her e  ( 19, 20) .

This  theory  has ro t , as ye t , been accepted (21 , 22 ) .

During t imes  of high po l lu t ion  levels in Los Angeles the

vo lume concen t r a t i ons  of ozone amounted to over 0.5 ppm. Th is

correspond s to about 1000 tons of ozone in the area of the c i t y .
£77

As there is no industry ~~m~~~r~g
’ significant amounts  of ozone

into  the  a i r  and t e m p e r a t u r e  invers ion  prevents  any v e r t i c a l
I

~~~~~~~~~ o n l y  source of ozone in the po l lu ted

c i t y  a i r  could be ch e mi c a l  and p h o t o — c h e m i c a l  r eac t ions .

~~
— ~ a d i a t i on  tha t  p e n e t r a t e s  into th i s  layer  of the  a t m o s p her e

has wavelegths  in excees of 310 am and thus  the only a b s o r b i n g

co~ no und s that could be c o n s i d e r e d  are Sfl 2 an-~ 1
~
O2• In Cfl

o x i d i z i n g  envi ronment  the  NO 2 i s  more in r o r t a nt  because it

ab sorh ~ r a d i a t i o n  an to 1+50 nm. U s i n g chamber  enr~’r i ’sen t s

Ho agen— Sm it  and coworkers  ha~ e been f i r s t  to succeed in

a em o n st r a t in g  tha t  ozon~ is indeed  fo rmed  as a cr n c e c u en e e  of

‘~flO t O — d i s S O C i  at’’s’s of NO 2 in pr esence  of hy d r o c a r b o n s  (P ~~. 2 1+) .

This t”r e ‘)f rd 1 i t i o n  is the re fo re  refered ~o ~~~~ ho ~ ) — c h e mi c a l

sa~ac or  shor t ly  rho t o — s m o g .  In comnar i son  wi th  the London cmo~

th e p hotn-~~’ssc~ is f o r m e d  in sunny wheater and at a low r e l a t ive

humidity. A r r e a r a n c e of mis t  i .e .  aerosols  is a r esu l t  of a



-•
~~~~~ “-~~~ — -~~~~-- -- —‘~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - -

-
~~~

- -. —
~~~~~~~~~~~ - — - ---~

11

large number of chemical reactions that are not at this time

comple te ly  u n d e r st od. The b rowni sh  color  of t h i s  smog is

ca used by rr e senee  of N O~ .

It was long believed that photo— chem ical smog appears

cr1 in  sunny C l i f o rnia .  However , m ea su ree~ n ts  d r u r i r g  the

seventies have  shown that  r e r i o d s  of p h otochern ica l  r o l l  ation

can be exoected also in more n o r t h e r n  regions .  Thus , h i ch

c o nc e n tr a t i o n s  of o x i dan t s  have been f o u n d  in Ed monton (2 5) ,

Cst awa  (2u ~~, hent rea l  (2 7) , South England ~RN , 2°) , Tokyo (30 ) ,

Syd ney (3 1) , Aspend ole  ( 3 2 ) , Bonn ( 33 ) , i~r an k f u r t  ( 3~4~) and

m a n ;  o t h e r  c i t i e s .

h i r s t  ~~~ urements  in Zagreb have been c a r r i e d  out in summe r

of 1°7~l , in the  very  center  of the c i t y  (35, 3b). in the

per iod  between May 1st and September 30th , l97~~, the  A m e r i c an

l imi t  f o r  a ir  n u a li t y  (0 .08 ppm )  was exceeded f o r  1+1 d a y s

i .e .  f o r  a to ta l  of 191 hours .  The l im i t s  set by the World

- • Health Or g a n i z a t i o n  were exceeded d u r i n g  71+1 hours .  ~oa secuen t ly ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ in our environment some

periods of intensive photo—chemical pollution. It is anparent

t sat  these  prob lems should be civen cons iderab ly  increased

a t t en t i on .

Carbon m onoy ide  and d iox ide

Carbo n o x i d e s  are p r i m a r y  man mad e p o l l u t a n t s  which are

f o r m e d  al ios t  exclusively by burning of organic  fue ls .  A c c o r d i n g

to the  amoun t s  of gases  e mit t e d  in to  the a tmosphe re , these two

p o l l u t a n t s  are by f a r  the la rges t .

1~ven at ~he beg4-~±iig of’ the fifties it was calculated that

hura n ac t i v i t i e s  emi t year ly  about  2xiO h tons of CO i n to  the
a t m o s p here.  h 5% of tha t  amount  comes f r o m  car e xau st s .
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L
\~ basic b iolc~~ ~al sources of CO were not known a t  that  t ime

and thus the volume ~~ - po-r-~~~~~s/ de te rmined  to be 0. 1 pr o

led to :ae :~~ rlnsion th.at the residence tine of CO in the

troposphere ‘cast be 2 to 3 years .  This  po in ted  f u rt h €r to a

p oss ib le  a c c u m u l a t i on  of CO in the a tmosphere .  I~ the  search
c~

_ ( -i -H
f-o r a ~~~~~~~~~ mech ar-.i Sm for CO f r o m  the a tmosp he r e, i t was di s cove red

a ~~4 - t \ >4 -
~~~L

tha t the oceans do not r epresen t  ~~~ outf1ow but a r a t he r  a

n a t u r a l  source  of CO (
~ 7) .  The amount  of CO r el eased  f r o m  th

oceans in the  N o r t h e r n  h e m i s p h e r e  is  about  ecual  to t h a t

r e leased  by hu man  - o c t i v i  t i e s .  In the  Southern  H emi~~here the

o c e an s  r ep r e s e n t  a si  ~n i f i c - an t l y  i a rce rA o u r c e.  Even l a rge r

amo un t s  of CO are  f o r m e d in  the at m o s p here  by o x i d a t i o n  of

m e thane  via f r e e  r a d i ca l s  ( 3 c ) .  Co n s e q u e n t l y  i t  is now

c o n s i d e r e d  that  man made sources  cenerate  a l t oge the r  lC:-~ of

the t o t a l  amount of CO in the -a tmosphere.  Emission of large
,.14 ~4 1-I~~~a.U h,~~~ ~~~~~~~~~~~~~~~~~~~ ~~ 1

cu a n t i t i e s  ~~th=--i~e~~~ e-t to ‘-~~~~~~~~~ volume ~-~~- e-r-~-i&n s in  t he

a tm osp here r o in t  to existanc e of a relatively efficient
/

~~~~~~~~~~~~~~~~~~ The main  o u t f l o w  f o r  c ar b o n  m o n o x i d e

are  molds  in the  ground and h i g he r  p lant-s .  In a d d i t i o n , m a r t

of th e  carbon monoxide  is  decomp osed in the lower a t m o sp h e r e .

In cities , particularly i~ ’~~~nse traff ic i~94~e city centers,
~~~~~~~~~t he  volume ~~~~~~ -~-i-o~ -s of CO can be more than th ree  o r d e r s  of

m a gn i t u d e s  above global c o n c e n t rat i o n s .

In closed prem ises, such as tUnnels , ga r a c e s  and p remises

w i t h  i m n roper  h e a t i nc , can c o n t ra t i o r  ef CO c a n be s t i l l  h ighe r
can

and somet imes  even be le tha l  ( a b o v e  ~ .i ) .
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Carbon monoxide is very p ) l s0 0 0 uS  because when inhaled

i t  combines  w i t h  hemoglobin  in blood f o r m i ng ca rboxyhemoglob i ra .

This  prevents  supply  of oxygen to the organism. Concentration

of the cnrboxyhe ’noglobin in blood is airectly demendent upon

the  c o n c e nt r a t i o n  of t h e  CO in  t he  ai~~~ /~ atu ra l  c o n c e n t r a t i o n

of carboxyhemoglobin in blood is 0.8 ~ (by weight ) w h i l e  f o r

sm oker s  i t  may exceed l( .- . . Pr olonged conce~ t r a t ia r  of a Dove

1+~ s t a r t s  c a u s in g  f i r s t  d i f f i c u l ti e s  in humans ( t i r e d n e s s ,

he adache , d i z z i n e s s) .  Th i s  c o n c e n t r a t i o n  of c a r b o ’y h e r n o v l oh i n

cor r e s p o n d s t~~~~on t in i ed  i n h a l a t i o n  of a i r  w i th  v o lum e

c o n c en t r at i o n  of 25 m m  or ~~ 1 o ne hour  ~xp o s ur e  to a i r  containing

100 np ’s of CO. A c c o r d i n e  to WHO, con c e n t r at ions in excess

of  t hese  n u a n t i t i e s  represent  a d d i t i o n a l  r i s k s  p a r t i c u l a r l y

f o r  r e r s o n s  w i t h  h e ar t  d iceases  ( ) .

After nitrogen , oxygen and argon , carbon dioxide is the
most sbundant component of the atmosphere ,and it is not

poisonous. insoite of that it is felt that it should receive

more attention as a pollutant. Fig. 1+ shows how in recent

years vo ’o’~e concentration5 of CO2~ continuously/rise9 in

var ious  reg ions  ~~~ t are  f a r  removed f r o m  in f luences  of

c iv i l i z a t i o n  (~-4- Q ) . These concen t r a t ions  and an i nc rea se

of about 1 ppm per year may be regarded  as g loba l  ch ar a c te r is t i cs .

i i g .  1+. — /2/ ca l enda r  year
~- ~~ ?-Z &

- Average yearly volume p-!~~~~~~~~ 1 of CO (~ ) ind i f f e r e n t  r e ri o n s;  . .. . Al aska  x . 2• x ~.or t h e rr
A t l o nt i c :~~ . . ~~~ {a w aj i :  ~ ~~ A r t a r t i c  ( ‘ + L )

J
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The n at u r a l  cyc le  of CO 9 is  not c o m p let e l y  understood.

It is e s t im a t e d  t h a t  abou t  l~0) x 10° tons of (JO 2 is used up

y e a r l y  f o r  ph o t o s y n t he s i s .  A l a r g e  and not c l ea r ly  de te rmines

amount  is ab s o r o e d  by the oceans.  he i n f luence  of It4~- V ’-uLt~t

ac t i v i t i e s  on n a t u r a l  eqo i . l ib r iu m is not exact ly  known.

However , the abov e  m e n t i on e d  r ise  in c o n c e n t r a t i o n

is a~~~ibuted d i r e c t l y  to human activities. it i s be l ie v ed

that from the beginning of industrialization ,the volume

con entration of C02 in the atmospher e rose by about  1O~o ,

and in recent years this rise has accelerated (1+i).

Presence of carbon dioxide , al ong wi th moi s tu re , in the

atmosp here is essential for prevention of cooling of the -

surface of the earth. Increase in amounts of CO
2 in the

a tmosphere  is thus  r e l a t ed  to increases  in t e m p e r a t u r e s .

Even a sm all increase  in the average  y e a r l y  t e m p e r a t u r e

would cause partial melting of the polar ice and a significan t

increase i~~ sea level. On the other side~ it could lead to

changes  in currents in the atmosphere and in cloud formation

which cou ld  have the oppos i t e  e f f ec t ~~( 1 +2 ) .  The degree  to which

this dancer m ay be real is hard to estimate. The model which

is used lost often (~+3) predicts that assuming a constant

(present) amount of cloud s, doubling of the volume concentration

of C02 from 300 to bOO npm would result in a temperature rise

of 20C in the troposphere. At the p resen t  rate  of t e mp e r a t u r e

rise this would remuire 300 years. Thi s is c ert ainly not

c r i t i c a l  f o r  human  l i f e  out cou ld  h a v e  ereat  economical

consequences .  ~3ecause m a n y  para nete~ of the model are eo:- rtain

the above e f f e c t s  cou ld  e s i g n i f i ’~ant 1y greater or smaller.

_
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r roces aes ‘~h - - o1d t n c r ’  fo  :a- be k~ . :-wn more

p r e c i s e l y  in o r d e r  t r e n ab l e  t i a e l v  m e a s u re  t h a t c ou l d

ave r t  eventual  c a ta s t r o p hic  eonseauenees.

P:~0 CA~30hS ~U- T~iU Td~OPOCP .ii~RE

Ib at e -aent  of po l lu t ion  r e c ui r e s  an -u n d e r s t an r i i r a  of all

f - a ct o r s  t h a t  i n f luence  i ts  f o r m a t i o n .  ‘2hi r ‘ne - ins  t - at it is

n e c e s sa ry  to be a cqu a i n t e d  wi th  che”~i ca l  m e cha n i s m ”  nf  smo g
0

formation as well Y~6~iditions~~~ climatic factors . Th erefor e,

investigations of so complex a problem includ e keeping track

of conc en t r a t ion~of individual components in polluted air

i.e. monitor ing, determining changes in pollut ants and thei r

residence time in the atmosnhere and follow with studies

of ch emical  and p ho toch e ’nical ‘~eac t ions  by e x p e ri me n ta l  and

m a t h e ma t i c a l  s imu la t ion  of a tmosphe r i c  nr o c e s s es .

Hethods of measurement’- used for monitorin g of concentrations

of individual air pollutants have,in recent years.undergonie

fast developments. Ten years ago all t ir e m e t h o d s  r e l i ed  ma inl y
- ~ -~~~-

on use of~ classical analytical chemistry. For ex amnie , oz on

used to be determined by passing a stream of air through a

s o l u t io n  of potassium iodide and determining the amo u~ t

of liberated iodine by t i tr at io n .~ Such methods are often

suff iciently sensitive and reliable but reauire very long time

and are not adaptable for automation. Methods

based on nhysico—che’nical properties of pollutants are

therefore much more convenient. Thu s, for example , vo lume

concen t r a t i on ~ of ozone can be de te rmined  on bas i s  of i t s

chemo lurnj ne scent  rc~act i on w i th  e~~ ne as i t  is used fo r

Continuous monitorin g of ozone in Zagreb (35). Such m e t h o d s  -
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c i v  r e c ol or  ‘i -a et t ’ r s en s i t iv i t y  arc a c c u r a c y .
(
~ d a n c € e a r - ~t~ a of ~

n-~’na:orit ’ of essential pollutants ((JO , C02, id , :~~~~,

30 a, H~~3 . O~~, o x i d a nt s .  ~~~~ r e a c t i v e  h y c r o c a r oo r s , a’~r u s o l s

et c .  ) san t o n  ‘iy ac a u t o m a t i c a l l y  mon i to r ed , T h i c h  c no a l e s  a

-n oah foSter ~ O 5 more comprehens ive  recional  ano g loon i

colLection of data . dlobal changes in ’~ c on n o s i t ion  of the

at no sphere effect~N’ciobal climate and ~~~~r m o n i t or i n g

is therefore of interest to meteriology. World Jieterio logical

Organization (Wild) has therefore formed a sys t em f o r  t r a c k i ng

the  u € a t h e r  (~~-or ld  W e a t h e r  W a t c h )  which  col lec ts  the data  -

on romrosition of the atmoarh ere all over the  elobe  (~ -~~).

C o n t i nu o u s  m o n i t a r i n c  of p o l l u t a n t s  in den~~~y p o p u l a t e d
- t ‘(i’

areas with considerable industry is necessary ~~~~ for

immediate nrotection of the population. However , it also

nr o v i d e s  i n f o r m a t i o n  on d er endence of p o l l u t i o n  upon all /r- -’ige 2°1

kind s of pos sible factors. Concentration of various rollotor.ts

in c i t i e s  have a c h a ra c t e r i s t i c  t i m e  f-actor , whicn de~:-end s

upor~~~~urce of n o l l u t a n t s , w e a t h er  cord  i t~~ons -a rc r r e s e : ce

of o t h e r  po l l u t an t s .  ‘jg• 5 shows ty n i c a l  d a i ly  v a r i a t i o n s

at ’ volume c o n c e n t r a t i o n s  (w) of some po l lu t an t s d u r i nc

ohotochemicil smo g in i-os Ancelr-s ( 1 +° ) .  It is amp a r e n t  h e r e

t h a t  hich concentrations of ozone occur only w it h  low

con -~ ntrations of N O and during intensive radiation i.e.

at -about noon. A similar daily variation of volume concentraticn~

cf ozone at the center of Z~icreb  was shown previously (3f , 3u).

Besides daily changes in concentrations it I~~’important

to monitor ~~~ t~1~41 developments in po iLu tior~ Thus , for

exa mp le , while volume concentrations of oxi-lants in Los Argc’les
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r each v ery  high v’lues ,t~ :p Ions t ’~rm sata inch cate or c r - a n ne

r rend . An op p o s i t e  s i t u a t i o n  has oeer f ou r s  in

E a s ter n  Ame rican and Hiropean cities . :~P r c -  m a x i m u m  h o u r l y

averaces seldom exceed 200 pn ’n , b i t  on i rcs r~- ase oaring reci-nn

y e ar s  is ann - rent. (ou). Jr . our country, only s’nu<e and SC
2

hav e b -en continuously monitorec for a number of years.

c~ig. 5• v ar i a t i o n s  of da i l y  average  v o l i m e
(k -

~~~ ~~~ ~4-~~4-L ~. ~~ ti,-1 -r o rt io ns(~~) of n o n e  pol l u t a n t s  in,~~ os A n g e l e s

~~~~~p h o t o c hem i c a l  s-los -
~ ~~~~~~~ C -

The residence time of pollutants in t he  atmosphere depends

anon their reactivity and weather conditions . Chemically ire ’ t

co!np~nds- may atay in the atmosp here very long i.e. for years,

while reactive compounds may dissapear in a ver y  ~hort tine

(less tb-i n a second). Concentration of r-rima ry pollut-an~ s

is n e c e s s a r i ly  h ig he s t  in the vicinity of their source. Secondary

p o l l u t an t s  ar e , however , f o r me d  ~i ft e r  -a whi le  f r o m  the p r i m a r y

ones. Therefore , in rresence of a wind , m a x i m u m  concentrations

of the secondary pol:utants are often significantly ircoved

from the m oll ut ion source. A n ice  example  of above was shown

- -
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b y Geo rg i i  and c o w o r k e r s  (47 ) who m e a s u r e s , f rom nra n i  ca l  ar e ,

the a i s t r io ut i o n  of the  c o v e e n t r ~- a t i o n  of o z - oc e  i .r .  t ’~~- ‘-‘a l l e y

of the  r i ve r  Rhein , sou th  of Koeln  —in -aonn. The fe-and ~~~

concen t r a t ions  of ozone near t°e r~ -tr ~1~ - ‘c r e f i n e r i e s  arc c~~a ’

c e n t e r s  to be lower than those 100 v i l u m r - t - ~r s ~ar ~ 0er down-

wind . S i m i l a r  o b s e r v a t i o n s  wer e  also made in  A m er i c a  ( o-h . ~O , ~0 ) .

ThIs  shows t h a t  a i r  mas ses  i n  t° ei r -n on e - cen ts  remain relnaiv rly

compact  and tha t  chemica l  r e ac t i o n s  t ake  place in a mann er

si mi la r  to t h a t  of closed vessels .  Under  such con i d i t icas , the
-‘~effects o’?~~illution are smaller. Cox and coworkers (51) have

shown tha t  high c on c e n t r a t i o n s  of ozone in ru ra l  reg ions  of

s -u t h e r n  England are caused by a r r iva l of air masses from the

European Cont inen t , i.e. a few hundereds  k i l o m e t e r s  away.  in.

such re?~~t i vely  non polluted regions , res~ dence time of ozone

in the a tmosp here  is 1—2 days .  High c o n c e n t r a t i o n s  of su l f u r

d i o xid e  in sou the rn  Sweden a re  also p a r t i a l l y  n t t r i h u t e d  to

so o ’- c e s  in i n d u s t r i a l i z e d  reg ions  of central Europe.

Chemical  r e ac t i o ns  of p o l l u t a n t s  are  best studied in chambers

where under  t i g h t l y  cont ro l led  condi t ions  one can vary

chemical and ohysical factors i.e. reactants , their concentrations

intensity of radirtion , temperature and other. Similar

chambers may be used for studies of biological consequences

-of polTution.~~The size and furnishing s of such chambers -nay

“ary. However , they usually represent a space of a fe’-’ cubic

meters which can , when necessar-i ,be evacuated. Sunl ight i s

usually imitated by use of fluorescent light. These exceniai c.~t s  

- - - rn- - -- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a iirect insight into essential processes and mech -ani sm-

which  d e t e rn i n e  she n i s t i -y  in f r e e  atmosp he r e , th~~ h they are

o f t e n  f a r  removed f r o m  na tu ra l  cond i t ions .  As an examole of

s u ch inves t iga t io ras 1 one may de sc r ibe  s t u d i e s  of the p h o t a ch e m i c a l

f o r m a t io n  of smog.

The sunlight has almost no chemical effect on pure air. Only

00
2 ~

nd EI~)O absorb r a d i a t i o n  in the  i n f r a re d  region. This

leads to -r&r- s ing  or of the a tmosphere .  0 , ab s o r b s  very w e a k ly

in wavelengths betwe-cra 75D nm and 1.27 pm forming very small
t u e

concentrat ions or(~~ectroni cally excited singleton state$ .

N ’Ten ‘.110 - 1 ~nl aitr-~ --~~a oxides are added to the pure air

a number of reactions become pos’-ible. In the at-sasp here, NO

is formed either from~~~~atur al N20,by nhot olysi s,or by

oxidation of oxygen -it high te-rip erat-ores , as in motors w i th

internal combustion . In that case NO2 is formed in a trimol ec .: or

— -: -thor iic r-~oc t i . on ) xy~ en :

2 N O + O 2 - ~- - 2 N O 2 (~~)

This reaction takes place ii~~ ric inity of the NO sourc e wher e

It s  c- -oc -a n i t r a t i o n  is a t i l l  high.  Of these rnthlecule only  NO2

has s t rong  a b s er t i o r A  f o r  sunl ight  r a d t a t a o r a .  At waveien -’ths

hal -w 3~ 
- 

~,oiiotodlssociation takes place with its quantum

• m a l u .  a r o r o a c a i n g  I :

hv
NO, + N O + O ~1P) (o )

th e  -
~~~

-
~ as of oxy g - a n , formed  in t h i s  process , react

m a i n l y  w i t h  m o l e c u lar  oxygen  f o r m i n g  ozor a

O ( 3 P ) + O 2 + M - ~- O , + M  (7)

-- - J
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fhoug h  th i s  is a t r i ’nolecular  r eac t i on  i t  rers res’~r ats the

main reaction roth for ixv~ro -o doe ~-a its high cor.c ’-rtr cti or .

The resulting ozone reacts further w it h  N O to fo r- n i~ a~ n

O~~u - NO --~~NO2 + O , ( b )

Thus , in absence of o ther  impur ities an eauil ib r ium

NO~~+ O 2~~~ N O + O 3 ( 9 )

is e-~t -o i l i s b e - d  w - aa r c  in t en s i t y  of r a d i a t i o n  and the r a t i o

between NO 2 and NO d e t e r - n in e s  the concent ra t ion  of ozone. /page 252

If initial volume proportions of NO2 and NO are 0.0~’ pp-n ,

~~~~~od ia~~i~~~i
a f t e r  two minutes~’ã~i eauilibrium will be established - -i- ore

~ (N O 2 ) = 0.038 ppm , ~ ( N O )  = 0.uu? ppm and ~ (O-~) — a- .012 rspi

(~~i). In absen c~- of n i t b -~ r L nin -or i t~~es , ot h e r  rca -tiors of nitr.n-en

oxides , o~ une and a tomic  o x yg e n  are n e gl ic ab l a .  In t he  presence

of mo istur e th ere occurs fo rma t ion  of ni trous a cid  
~~~

°2-~ 
~~~~

n i tr i c  acid ( HNO
3

) which undergo pho to lys is , wh en  expasad t

o~ the s-an , forming very reactive OH radicals (which

are however , stabe in oxygen). These radicals tbera~
’ re , r eac t

with impurities of the nolluted air. When exoosed to o-a -~ a~-ar

f “aiiati.on -s ri initial volume concentration of ~ (TO) —

• (NJ2) = O.0~ ’~ ppm and ralative hoiiidity of 5O~ f o r m s  t h e
- 

fr1t~t/~ Y
~~

following volure concentrations of o~~~n~~~1 co cpnnensts:

~ (NO) = 0.027 p’nn, • (NO) — 0.052 ppm , • (0
3

) — 0.009 pn’i,

¼~~~
)2) — ~~~~~~~~ ~ ~~~~~~~~ a nd • (I iNo ~~) o.n ) h  

~
- - -  

~ (il ). In ao ~i tion ,

t~ aces of H202 are also formed leading to formation of HOr- raiical

- na-i thr-~re is f i~-t-oc r -)Xl dOtIOfl of NO to NO2.
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Each aciditional component incr’-’- tnes tb - nIonhe! ’ -af )ssio~ c

- o n .  It  -ga s o e l i e v e d -  tha t  one of t he  m aj o r  p o l lu t a n t s

— CO — is not r eac tive  in the a t m o s n ~h e r e .  h ow ever , e x p e r i m en t s

in chambers at high concentrations of CO have shown that this

gas has a n~ gnificant effect on the rate of oxidation of No

in U,T-~0~ and H
2
O systems when exposed to radiation (1+5).

CO reacts with OH— radicals according to equation

CO ± OH —~~H + C O 2 (10)

which represents a fast reaction and OH— radicals are thus

consumed mainly by this reaction (51~i.). i”urth er re ac t ions

take p lace in a ch a in

H + O 2 + M - ~-HO 2 ± M  ( 11)

HO 2 + NO-~ OH + NO 2 (12)

wh ich d emonstra te  a me ch anism by whi ch a single OH— radi cal

car. cause oxidation of many NO molecules (55). Ye t the  e f f ec t

of CO on fo rma t ion  of the photoche n-tical smog in a real

atmo sphere is cons ide ra b ly smaller ( Sb )  because i ts  concentrat ion

i s lower an d becau se the rate of react ion of OH with

olefins exceeds considerably its rate of reaction with CO.

Hydroc arbons present in the atmo sphere have a key role

in format ion  of the photochemical smog. Their composition

in a city atmo sphere varies considerably during the course of

a day~57). Thus , olef in s are used up much f a s t e r  tha ts

saturated hydrocarbons. i3ecause clefins do not absorb the

radiation that penetrates into lower levels of the atmosphere

-

~
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it -nov be exp ected that they might have a relatively long life

in clean air . -u o- .-~ever , in the p resence of n i t ro gen oxi d es

-nany interm ediaries are  f orme d , such as 0, OH , O-~, H02 etc.1

which react rapidly with unsaturated hyd rocarbons. In the

exa-no le of the system air + NO ~ NO 2 ~ propane (fig. b)

it is -ainrarent that olefins and NO are  used up at a faster

rate after a certain time period. iJe”elopment of O~3
starts only

after ccncentr—stion of NO~ almost reaches its maximum value.

Later on the NO 2 disaprne-~rs forming peroxyacetyl-nitrate

( PAN ) , org ani c nitrites and nitrates and nitric acid (59).

C1H

0,

PAN

~~~~ 6. — Volu -ne c o n cen t r a t i o n s  (~~) of react-ion comronents

in th e sys t em Air — NO
~
_ propane as a function of

radiation time (t) (~ 8).

A few mechanisms , vary ing in complexity , have been

proposed  to expla~~ p h o t o — o x i d a t i o n  of propane in the presen ce

of nitrogen oxides (~~8, 60 , 51). Simplified schernes I, II and lii

below i1.l’is~~rate complexity of these reactions. They were

used by Niki , Da by ari d Weinstock for mathematical simulations

~

- -  ~~~~~~~~ -- ~~~~~~~~~~~~
- - ~~~~~~~~~~~ -- - —~~~~
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a t  n -nog  f or -n a t i o n  (~~~) . In  inich m a t h e m at i c a l  s imu l a t i or .

2. c e r t a in  mesh-i: s: is assumed which is conv er ted  in to  a comr -ot er

~ r - og rs ’n h~~~~se of i n ter r e l a t e d  d i f f e r en t i a l  enu a t ior i s .  Iri t h i s  way

SCHEME I

04,cH.CH,

1°
CH,4tHa4o

Ol,~H2 . H~0

CH,CH,O; HO; • Co

CH,CH20 • NO,

102

CH,CHo HO;

SCHEME II

CH,CH~cH,

H&100 . CH,CHO ~hS 0100 •

1°’ 1°’
~cfo)o; • • Cfl ,C(0)0 ~~~~~ PAN

HCOO • NO, ?C00 • NO, C~4CO0 • NO,

• cni • cc-,
101.~ 

102

HO; c.%oIN0
CM ,O• • NO,

102

SCHEME I I I  / p a g r 2~~
a4cH.c ’~low

CH, àlC#4~5Il

102

‘No
ol,allo)a*OH * NO,

ci~o#o .tm~~
100

_ _



c on c e n t r a t i o n s  of a l l  r e a c ta n t s  arid p r o d u c t s  con be c a l c u l a t ~~r~

on a fun c t i o r .  of t ime.  I \ ik i  end coworkers  !1a\ e con sidere - 1  l~ n ;

basic processes and f i na l l y  selected t~O f o r  p u r r  oses of c a l c u . a t i - ns ..

The r e su l t i ng  agreem ent  w it h  ex p e r im en t a l  d a t a  is shown i t-:

f i g .  7. .~ most detailed mechanism using over  200 basic

nrocesses was proposed by ]iemerjian , i~err and ~-aJ ver t  (-~~
--) .

t/m,*~

x?ig . 7. — A compar i son  of c a l c u l a t e d  (sS~ d l i n e s)  and

experimental results (points) for radiation of

the systar. Air + NOX ~ propane (58)2

Such mathematical simulat ions o f changes of reactant s and

r r o d u c t s  wi th t ime enable ve r i f i c a t i on  of p ro pose d mech anisms

of smog f o r ma t i o n .  At th i s t ime , however , r eac t ion  k inet ics

f o r  too many processes  is not known. Many constants for r e a c t i on

rates must be assumed or rough ly  estimated. Consequently, the -

result ing agreement with experiments does not mean that a correct

mechanism was assumed. It is apparent that such calculations

_ _ _ _
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renuire accurate data of kinetie p ar a m e ter s  f o r  many

reactions. Only relatively few reactions have been ,so f ar ,

strictly critically evaluated (hi). A working eroup has

been fo i’ ded within CODATA comm*ttee which is concerned

directly with studies of kinetics of reactions that are

i mp o~~~-int for atmospheric chemistry. Consequently the present

s i to a t i o s .  will soon be improved. By studying in detail various

Las ic r rocesses, it ‘-iill be possible to replace many so far

varying parameters with known constants. The mathem at ical

simulation of exr-erjments in chambers will therefore become

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ The advantages of such

programs are capabilities to study importance of various

p rocesses an d components fo r  the t otal course of react ions

and to determine influenc e of new pollutants.

A simp l i f i e d  mechnr~ sm for simulation of  reactioi~-in

mixtures of hydrocarbons (as found in the exaust gases

of automobiles) can be pro~n osed on ba sis of impor tance  of

individual processes . Hecht and Seif eld (c o ) have thus

selected 15 reactions out of a complex mechanism of bl

processes and obtained good qualitative agreement with

exper iments  on pho~~ x i d a t i o n  of propane , isobutane , n -butane

and m i x t u re s  of pro pane and n-butane.  The react i ons l i s t ed

below have been selected in aedition to reactions ( o) , ( 7)  a n d ( b ) .

O, +N0 2 -,- N02 + O , (13)
NO3 + NO3 ~ 2 HNO3 

(11+)

NO + NO3 
H,O 

~ 2 HNO2 (1 ~) 
-

HNO3-~~—-÷ OH + NO (l b )
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CO + OH 
0, 

-* CO, + HO, (17)

HO, - r N O  NO,~~~OH (lb)
- HO, + NO, HNO , + 0,

Among the reactions with hyd rocarbons (NC), they selected

genera l ized  r e -act ions  wi th  a tomic  oxy g en , ozone md hydro xy—

r a d i ca l s :

H C + O  ~aR0, 
20

HC + 03 b R’O, + c RCH O (21)
HC + OH d R’O, + e RCHO 

(22)

where a,b,c,d and e re p resen t sto ichi ometr ic coef f ic ients

defined by the composition of the m ixture of hydrocarbons (N—).

RO 2 represents  any of the radicals and often peroxy- and

peroxyacyl- radicals. The remain ing two reaction s descr i be
ox idat ion of NO to NO 2 and f o r m a t i o n  of PAN

RO, + NO NO3 + f OH (23)
RO, + NO, PAN

(21+)

wh ere f re p re sent s the p ropor ti on of OH that was forme d

from reactions of type (23) i.e. the proportion of the

HO
2— radjcals in RO2.

In the real atmosphere  the  processes  are f a r  more complex

because of e ffe c t s  of o ther  p o l lu t a n t s(  such as SO 2 and

chlorine compounds) because of heterogeneous reactions

on the su r f ace  of aerosols and because of d i l l u t ions,

di f fu sions , transfer and weather factors. Thou gh such numerou s

rrocesses and coumpound s appear a little frightening 1 they 
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a l l  t oge t h e r  represent  the  manner  in w h i c h  the  t r op o sp h e r e

cleans i tself  f r o m  fo rei~’n i n g r e d i e n t s .  The ac ids  that are

-‘fo rmed  a re  r egu l a r l y  w-~4~~ out by precipitation and the
~

co-moosition of the troposnh~F~’{~~anges considerably slower

than i t  m i g h t  be expected on basis of the amoun t s  of e m i t t e d

p o l l u t a n t s .

NNA CTIOI-.S IN Tifl~ STRATOSPHERE /rage 7-~*

All gases tha t  are emi t t ed  f r o m  r-ta~~11ra1 and a r t i f i c i a l

sources  do not p a r t i c i p a t e  in complex chem ica l  p roces ses  of

the troposphere. Some of them ar e ~‘ery inert , inso lub le  in
(~A~~~

wa’~~?Y~on-biodegradab1e. Their residence time in the atmosr here

is t h e r e f o r e  cons ide rably  longer. Examples of t hose ar e f r e on s ,

very vo la t i l e  ch l o r o_ f l uo r o c zn r b on s  among which are  most  o ommn n

CF 2C12 and CFC13. About one mi l l ion  tons of these comr o or .ds

~tt~ p roduced  per year .  About b0~ of t h a t  i s  -~~ed as a nr e ss u r e

gas f o r  spray bott les , ~~~ is used f o r  r e f r i g e r a t i o n  and the

r ’~st f o r  va r i ous  technical  processes .  At the  s t a r t  of the

seventies1 t races  of these gases were f o u n d  above the  A t l a n t i c  (b 2 ) .

Becaus e th ese gase s are entirely man ma d e it wa s imme d iately

considered that they should be convenient 4-e-r for studies of

diffusion and transfer processes in t he  lower atmosphere (o3).

Volume proportions of lO~~~ npm were found in regions far f ro m 
-

cities and this is regarded as the global concentration of these

commounds.

It was long believed that  such inert  compound s can not

represent  any danger  to the q u al i t y  of the environment until

M ol In- a  and Rowland (oh) warned about a new typ e of d a ng er .
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W h i t e  lo o ki n :  f o r  an outflow ne-nhanism for ehioro_ fluorometh~ne

f r o m  the at m o s p h er e  they  came to the  conc lus ion  t h a t  t h e se  ga se s ,

because of t h e i r  i ne r tne s s , remain  in the t r cp o sp h e r e  s u f f i c i e n t l y

long to ditfase into the upper layers , i.e. tb~ str2tosphere.

There, at the altitud e of 20 to 1+0 km. they are exposed to
I /

the r a d i a t i o n  of l7~ te 220 nm , in the  so call~~ “ iridow ” betwee n

abso rp t ion  maxima of oxygen and ozone (fig.l), and photo— dissociate

i n to  C ’~3Cl ~ Cl and Cc’C12 + Cl. The a toms of c h l o r i n e  c a t a l y z e  a

series of chain reactions which lead to decomposition of ozone:

ci+o, ~cio+o, 
(25)

C1O+O —,- C1+O, (2b)

which summarily give

O,+0 ~2O, (27)

The length of th is  chain has been es t imated  to be l0~~, which

means that a sirele atom o~ Cl causes decomposition od 101+ of

ozone molecules. Consequently, an incr ease in conc entr ati on of

chioro—fluoromethane in the stratosphere can signif icantly effec t

the e q u i l i b r i u m  of ozone reac t ions .

Besides the  already mentioned Chapman mechanism of pho toly t i c

decomposition of ozone in the stratosphere , ozone is also ereatly

effected by nitrogen oxides . Enormous quantities of N20 are

produced in nature ,nainly by bacterial activities. Th~#A inert

gas pene t ra tes  it -ito the s t ra tosphere where it produces NO by

photo  lysi  s :

_____  

( 28)
N,0 ~NO+0 (~D)

N,O + O (’D) -~2NO (29) 
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Ozone decorn oses~~~~~~ ytica1]y~~ lso’ in p r e sence  of NO accoroing

to ~h~~~~~l ~ )win s ecuations :

(30)
NO+O,

NO,+O NO+O, (31)

Cicerone arid coworkers (uS) have confirmed ,by their -nathe’nat-ical

model , t ha t  f u r t h e r  em i s s ion  of c h l o r o— f lu o r o m e t h an e  could have

s ign i f i c a n t  e f f e c t s  on d e g r a d a t i o n  of ozone  in the s t r a t o s p he re

(as sh own in f i g  8 .) .  According to the Chapman mechanism i.e.

acoording to equations (1) to (1±) t he  r a t e  of d e g r a d a t i o n  of ozon e

is 2.3 x 10’ moles per  second . Rate of d e g r a d a t i o n  due to n i t r o g e n

oxides (NO
~
) is somewhat uncertain because neither the amo unt of

t-.d
~ 

origin atec in nature no its vertical distribution are known.

~.iecause by far the largest part of the NO
~ 

in the n t -~csphere

oricinates in  nature it can be assumed that this tyt e of ozone

r~~gradation will remain constant during the :Tears ‘rder consideration.

Th e three curves ,denoted as (1), (2) and (3) iv fig. 8,represent

caicolated effects of chloro— fluoro-nethr-ne for’%1) ~ss mr-tion t ha t

yearly rroduction of’ these comnounds will continue to grow e x p o n e n t i a l l y

as i t  did  f r o m  l9bO to 1P75; (2 )  asso. m rt i o n  t h a t  y e a r ly  rroduction

of these compound s will remain constant at the level of 1975;

and (3 )  assum pt ion th at th e pr :o~.-- t ier 7fter l°7~ ~s discontinued.

It is aprarert that even if production of freon were to be discontinued

from now on ,the degradation of ozone would continue rising for

another 20 ~:ears. The math emat ical mo del s, which include a number

of unknown narameters , have bro~~ht to attention the danger bat

it-- th e n e a r  f a t u r ~ the rn-in nn.~e causes of ozone denrada tion in

the  n t r at o s ’-~ ip r e  ma~ ex - ’ p p d thns~ of ~mt!1re. More recent calculations 

-—-- -- - -  - -—-~~~~- -~~ --~~~~~~~~~~~ ~~— -—-~~~~~~~ -
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~*-ow , ~~—w~’~- 
~~ , 

t h a t  -no n -n ode f a c t o r  at  c o n s t a n t  lmel of

sho .1 -Je ~onn  i a~~r-~h1y s-a lTer and be n -r :T y  aoout  ~ T - ~ of th a t o~ v ar- ~re .

(~~~). Yet ever: th at would have consic~~’able c-anserl -jerces f o r  ~} e  l i f e

-a n Eart- :. ~~-us . f r e o n s  ar e  c on s id e r e d  a main. d — ~r: -er f o r  de :rada i- - n

o~ rhe 0’i r e  l ay nr . (u7).

0

— 100 (1) (2)

7 

N0
~

50 

25 _______________  CHAPMAN

1960. 1960- 2000.
ka1~,dar~~~ poá,a

— /1/ calennar

— -~ate of a e n r - - ~a t i - ’~ of osone (— d n / d t )  a c c o r d i n g  to

uI at  ~~~~~~~~~~~ )7 T~ cor~ ne on-h  cowo r k e r s  ( u s )

-
~r ~~~

-
~~~‘ rrohl ‘~ms of chioro— fluo romethane one shouli also

mont t on  ~~ r’- . aoll uti or. of the stratos~ here ci fast et n-lanes

which f 1” above the t r o ~~~ e (uh—70). A fleet~~~~c 
- such p

~ 
anes

f~ ying 7 h o ur s  p er  i - y  could double t he  rate -‘f formation 
-
~

of he in the s-t-ratc~ r- ht~re m d  t h u s  significant ly reduce the — imount

of ozonc . 



~~ h~~
- c - ) s e ( ’ ’ ( r e~ o f r e d - i c t m o n  a t  r h~~ -n~ 

- - r- -~~ ~~ of oz nc

in  the  a t m o r n - h e r e  ore still the  - m a t t e r  of v e ry  croc - e~~t i  m;-1 t r - r .

The fact is- th -
~ t an— rod i -

~ t~ on , -a° i oh is-- (3 —inn civ: to life , wu-~1-i

nenetra te into the  t r - o ~~o sr  h er e  w i t h  a s- i  : r. i f i  ‘atl y h i ch e r

n t e v s i tm ’  aroi thus  have dir :t tnr 1u~-~~ e on the biosphere i .

arm niants , animals and n-~np1e. Cancer of the skin may be t-ker .

as an ex amp le be cause  i t s  f r e cu e n c y  may be readily esti-loted . It
c~~~~~~~~~tis nh-us :mntteirated that ,~-ust in th e  UGA t h i s  - ______

incre ase h-yr about h000 cases nor ‘zear for ivory percent of rec .nt ~ m

of  o z o n e  c o n c e n t r a ti o n  in the  s t r a t o sp h e r e  ( 7 1) .  in a c ai t ~~n n ~

nhotoch ~ -mioa l aotinit~~~ n t h e  t r o r os nh e ce  w- u lr  be i r m c r c : ~~ ed a n a

t e -ar -- e r a t u r e , s t r t r - ~tu  and d y n a m i c s  of tne ~tratosnh ere ‘-tuuld be

oh - . ~ed. It  i s  even ~n~~e d i f f i c L - t  to f o r s e e  f u r t h e r  s e c on d a r y

co ms-cc a’~ 
-

- e e s.

At t h i s  t i m e ,it remains  cor t a i n  t h a t  a t m o s nh i - r o  does  not have

arm unlimited capacity to a b so r b  c h l o r o— f lu o r o c ~&.t-h o ns _ The i r

emission i n to  the  - a t m o s s - h e r e  s-bc be don e  wi th - o c v s i d ’ - - r a h l v  marc

c -n a t i o n  un t i l  all  p r o c e s s e s  and consecuences  r e l a t e d  to use of t h e s e

co -n n ouamd s o r ’-  b e t t e r  known. ore recent measurements have shown t h a t

the concentration of freon in t h e  atmosphere increases in n r o p o r t i o n

to wor ld  p r o d u c t i on  and t n :~t t ’ - e  tot al auantity nresent in th e

t s - - .p n r~ -~here correspond s to the amo- ~~nt  r rod -u ced to d a t e .  ( ( 7 2 ) .  Thus ,

theoretical assu-nrtions of I4olina ard P~ow1nnd (b1+) and Cicerone

cr - (; coworkers (~~7) an a  Cr-ut zen ( 7 3 )  and o thers  h ave  been coni f i r m m ed

and th’ rrnb le-n is becoming more and more critical. Though the

hi a l o c i  - a l  cons oc uences o?~~ ed ac t i o n  of the p ro t ec t ive  ozone

l’rier ~~main -most ly ucmkrown t he  n h y s i c o — c h e m i r o l  ev idence

i n d i c a t e s -  th t cmi S s - j -~~n5 of f r e o n  i n to  the  a t m o sp h e r e  -m o s t  be l im i t ed.

1 
- - - -~~~~~~~~~~-- --~~~~~~~ _ --~~~~~~~ - - ~~~~
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l’he i n d u s t r y  is t~~’eiore searchi rn- ~ur r’--w :-~srs or r - ’ - s - sisi z: r:

so r ay  ~mr.s and so-ne firms in the ~~~ Ct - alae- i:v unirms new

pre~- -~rnti -n s .

~iI-h.A.UG t N S

It most be arnarent to the- r e a d e r  ) f  t h i s  a r t i c l e  t h a t  ~~~~~~~~

i rahle’ris related to thu st -ahi~ s of atm on rh~ re poll -union -r e

~ery comd ex -and incluoe a var ie~~; of  s - -~- i e n t i f i c  b ran ch ’ — s f r o m

-aathe-nntics , geon h y s i c s , r- y si -cal a -  c an a l t’tica1 ch ern i stry t-

bi o logy , medic i ne an- r  socia l  s c i e r c i e s  ~~u ch as law ~nd econom :’~ .

While many problems have hure hoe- omi tted i t  is a rum arent  f r o m

what has been presented t h a t  s~ derrr b ie ~nda-cental r e search

is nedde -d to improve understond irr e 01 all essential processt .

- - uther ’co re , the methods  of rn e - i s u ren e n t s  sn o u T h  he i~~~r~ ved an : arm

adequate measuring netwo rk shoula be established to as-sure the

necessary living conditions for the future generations. There is

need , even in Yugoslavia,to pay more attention to the rroblerns

of nollution of the environment , to get included into the world

~n o n i t o r i n g  ne twork  and to adequa t e ly  fo l low and s tudy p rocesses

t h a t  take place in the areas of our cities.
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S~~’ri-ri a rv

~ r~~’i~ w of the “io r~ i~nportant types of air pollution is

!~res .~’-t Pd and ‘nech ~ ni~~ns -a n d f n ~~tors  which e f f e c t  for ’r ~a ti a r i  of

- r -  di~ cL1s~ ed. (h p r n i c a l  and T ho to_ chern i ea l  r eac t ions  which

1-ice in  the  t r o r o s p h e r e  are  descr ibed .  P nr t i cu . l a r  a t t e n t i o n

is ~ iv~ n to new research ol’ processes which -lead to f o r m a t i o n  of

i-he r~hot o— che ’n ica l  smog. Degrada t ion  of ozone in the str atosphere

is a~~o described as a conseauence of emission of inert chloro~

f l u or o t~~ ,~~ s in to  the a tmosphere .  
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