
L L U T I O N  P O B L E M  IN 

IK ro i  I I TI()\ I S  \ o r  a unique jiroblenl ol our  machine 

q c .  l i i  about 1 SOU A.1). a royal deciee by the King of 
Ktigland foihade tlie use of a certain type of coal because 
it produced \apors  damaging to the health. A rominittee 
i f  investigation was set u p  to punish the infringers by 
fines and demolish their oven. in  rase of repetition. One 

unfortunate individual was condemned to death berau-.e 
he had i n f r i n p d  ihe imoke rules three time.. 

I telt great l j  relieved when I read in a recent i -we o! 
the Pasadena St(ir-!\f>u'!, that a kiln operatoi i t 1  l,o, 
Angeles had just received his 54th notice of \ iolatioil (if 

the anti-smog laws and was fined $1.000 and "entenced t o  
five days in jail a sentence which his l c t y e i  promptly 
appealed. Thiq comparison shows. among other things. 
that after 050 years a i r  pollution is still with 11.. home 
of the problems a re  xery much the same 'te then. exccpt 
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that tlie magnitude oi the pollutioii i* nidriy iinies grtxitpi. 
Usually we ronsidei the air as an unlimited iesi>rvoir 

tor our refuse. However. in densely populated .ntxas Â¥tt 

soon find out that this is not true. and at pre-eni w e  <ire 
sadl? avtare that there are limits to the d l l l i 7 U U k  of 

iiiaterid which we can send up into the air \\ithoul vieat- 
i n g a  anuisance and even health ha/ards. This is especiall! 
true when geological and niete~rologic~il conditions lavor 
[he accumulation of air polli>taiitb. 

A favorable sit 

Such a situation exists in the Los A n ~ l e -  are~t. vlieic 
a half-circle of mountains prevents the tree movement ul 
the air. Early in the rnor~iing a slow sea wiiid of ~i lew 
miles per houi carrier the exhausts of the p a t  rity u p  
to the high im~untain barrier in  the north. In tlie c w -  

n i u g t t ~ e  wind turns. drid the pollutants move seawdrd. 
Usually tlre speed of this land b rec~e  is loo slov 10 lw 
very eflective in cleaningthe area. 

T i l  hile the air is hampered in i t *  tree movement in d 

horizontal direction by tlie mountain h a r r i ~ ,  ~ r i ~ t ~ o r i ) I o g -  
ical conditioris limit the movemerit in a vertical direction. 
Meteorologists have observed that dur inga  l a r ~  pait  of 

the year the lower layers of the air over the Los Anpeles 
area have a lower tcniperature than the higher one&. The 
colder air. because ot i t s  higher density. is not able to 
rise. and it is just this la!er that contains the grises, 
iinokes dud fumes ieleased in ihis d r ~ a .  

r ,  This so-called temperature inversion is quite irequeiit. 
though the height of the layer is \cry diflereut on  diftci- 
ent days. and may range from several bundied lo stxverdi 
thousand feet. Loinplainis ahout srnog a i t *  usiidlh 
received \+hen the base of the iiner'-ion layei i s  frotu 000 
to 1200 feet. 

Under tht>qt> conditions the unlimited re~eivoir  of ail 
has shrunk considerably : liowe\er. it i'- still of esiitrnious 
size. %hen we look at a map of this area on which haq 
been plotted the movement of the (.lo~id of eye irritants, 
we notice a gradual displacement and spreading towards 
the San Fertiando Valley in the northwestern direction 
and towards San Bernardino in the caiteiii direction. 

V( lien '-ui#h an ared, of approximakely 25 by 25 milt'--. 
is rovered unitormb with a layer which \\c îlI 
assume to lie about 1000 feet thick. w e  c a i  calculate that 
apl)roximately 500.000,000,000 cubic meters of air have 
been polluted. Since one cubic meter viei8i-i dl~iout 
kilograms, the actual weight of this s ~ ~ r o g - c < ~ i r t a i t i b  
layer i& about t~50.000.000 tonh. Tliis enoi rnous tonridge 
is ofter~ overloi)ked in '*quick c~11-e~" for frniog. ~ 1 1 t b 1 t  

propoials ale made to place fans on the iriountaiiis (11 

drill tunnels through the inou111aiii-i t o  drive away tlic 
s1110g. 

Knowingthe volume oi air involved gi\ea us a basih 
for a calculation of the quantitieq of materials which m e  
liollutin";our atmosphere. 1) a sul>Â¥~~anc givt-s initatiosi 
in foi~eentration ol i m  part  PI million. we I I~PW! 



this iirea 050 tons of  maicrial I D  show this t7f'lect. \\'her1 
oiily one tenth of a part per mil l ior~ is riece-isary for  
irrilaiion. v>e need h?> i o n s  and for  one hundredth of a 
par t  per million h.5 tons must lie ieh-ased. 

It is interestiiigto compare the+, values with a list of 

the threshold concentration. of nome of the most potent 
war gases, a l l  of nhich have threshold concentrations 
above one hundredth of a par t  per million. For  one of 
the most potent teal gases, chloro-acetophenone. we need 
150 tons to cover a n  area such as we a re  dealing with. to  
give eye irritation. For the war gases Lewisite and 
mustard gas, we need huridieds of tons to make life 
rather unpleasant. Further assurance that we dre not in 
immediate danger conies from the column in the table 
below, sho'tti~ig the enormous tonnage ~ h i c h  is necessary 
o r  lethal action. 

WEIGHT IN TONS TO CAUSE IRRITATION IN 625 SO MILES INVERSION BASE 1000FT 
VOLUME OF AIR 500.000.000.000 M" 
WEIGHT 650.000.000 TONS 

SMELL IRRITATION TEARS 
ETHYL MERCAPTAN 002(20Kt.) 

LETHAL 
SYNTH MUSK 0005 (5Kt) 

80 3500 180.000 

400 

150 400.000 

185 3.000.000 
400 60.000 

SULFUR DIOXIDE 30,000 3000,000 

Our seme of smell usually responds to much smaller 
quantities of material than those iiecessar? fo r  irritation. 
One thousandth of a milligram of ethyl mereaptan i a 
relative of the skunk smell 1 released in a sinall audi- 
loriurn ran  be ieadily detected by smell. If we extra- 
polate this example to the 2 5  In 2 5  mile area. we find 
t i a t  20  kilograms (about  4 6  pounds) of ethyl niercaptari 
released at  the City Hall in 1.0s Ar~ge lw would be 
noticed in Pasadena. For  a iiinil'ir experimeni %it11 
musk or  skatol ( o n e  of the cot idtuents  of feces) .  the 
(iuaiitities riecessary would be  o11ly about -ix pound- and 
a half a pound. respectively. These exceedingly low 
threshold value- fo r  odor perception a r e  in accord x i t h  
11ie common ol~iervatioti  that  the smell of smogiq noticed 
I o n d i e f o r e  there is any conipliiint of irritation. 

Sources of pollution 
Vi e h a v ~  'eeri {hat  the quantitien involved in irritation 

ivt-r q c h  a large area run into hundred. of tons. These 
large quantities can be released by  industries handling 

Idrge tonnage of material, o r  by numerous small offend- 
els. At one end of the yeale we find the petroleum 
indubtry, where a few refineries a re  handling matq 
thousands of tons o f  material every d a j .  But the half 
niillion auti~nioliiles driving around in Los Aiigeles 
contribute their share to a i r  pollution. too. 'l'ogeththi 
(hey burn approximately 12,000 tons of gasoline daily. 
Even if the combustion were 99 percent complete, which 
it t'ertainly is not. 120 ton. ot unburncd gaasline would 
c releaseil. Another example of this type of pollution 

is the private incinerator, where the large riiimher corn- 
tensates fo r  the siiiall quantity released by the indi\idiial. 

r . 1 he aildl1 -'is of dir corilainiriaiits hcis some special 
l ea lures  d ~ i e  to the minute .nnouiits pre-.ent in a large 
volume of air .  The state in  which these pollutants a r e  
present as  gases. liquids and solid p a r t i c l e  of greatly 
different sizes presents additional difficultie'-. The srriall 
particles of le's than one micron diameter d o  not .settle 
out. but a r e  in a stable wspension arid form so-called 
aerosols. 

Collecting air contaminants 
The analytical chemist has devoted a great deal of 

effort to devisingrmethods for  the collection of this 
lieterogerieou~ material. Most of tllese methods a re  based 
on the principle that the particlw a re  given enough speed 
to collide with each other o r  with collecting surfaces. In 
the impactor. the air  is drawn through a small slit, thun 
attainin"; a velocity close to that of sound. The  particles 
iii the a i r  colliding with a $ass slide a re  deposited on 
the slide and  ran  be observed niicroscopically. A sample 
<it Los Angeles' a i r  shows numerous oily droplets of a 
size mailer than 0.5 micron. a. ivell as  crystalline 
1eposil'- of metals and halts. 

In a thermal precipitator the sarne principle is applied 
b y  passing the a i r  over a heated wire which is placed 
between cooled surface-i. The particles move from the 
hot wire to the cooler surface, and are  there deposited. 
Other instruments cause agglomeration of the smog 
)ar t ic les  by accelcrat i i igthe particles with ultra sound 
Naves. o r  through the application of a -^trorig electric 
field. Man? of  these different tecliniques a re  used in 
industry to remove aerosols f rom ~ \ a s t e  material. and 
:ire kiiinvrt as  Venturi scriildieis. sonic and electric 
previpitatorb. 

Vfaterial rollwtet! f ioin ii i i  electric precipitator was 
s h o \ ~ i  to consist of approxin~ately one half inorganic 
material .uch as  silica, tract"- of lead. ~ i n c .  copper. iron 
aull a ~ a r i e t y  of other metdls; their oxides: and salts 
such as sulfates, nitrates, nitrites and ammonium salts. 
The othei half ot the col lec~ed material coiisisted of 
organic material. which is partly soluble in fat  solvents. 
and  ~ h i c h  contains hydrocarbons, aldehydes and organic 
acids. The insolul~le  organic" material contains fibrous 
ina~crial .  carbon and salts of orgdnic acids. 

41 though the electric precipitator allows the process- 
in";of large quantities of air. a disadvantage of this 
niethod is the liosbibilitl thdt. under the inthence of the 
rorona dincharge in a precipitator. secondary reactions 
would modify the organic material-. Therefore. the 
+ I I ~ J  of organic pollution has I w n  conducted mainly 
on material collected on filit~ls. or obtained from scrub- 
hers. When a i r  is passed through a liiter paper, the 
paper take, on a grey appearance, and  extraction with 
organic solvents gives an oi l j  material. Subsequent 
extraction with water reniim's --alts of orgaiuc. as  well 
as inorganic acids. 

Howeter, this method loo has disadvantages, since 



nmsi of the volatile material is lost. l'or this reason. 
rxten.-'ive use has hetm made of traps held a t  very low 
it-mperatnre. Mas. spectrographic htudies on the collected 
dilute aqueous w111tions have been useful in the analysis 
of tli(1 hydrocarbons present in the atmosphere. 

o r  the isolation of special groups of substances. 
r ~ i b b e r  technique. a re  often useful. In o u r  sluilies on 
the oiganic acid- piesent in the air ,  scrubbers with 
sodium hydroxide were lined. However, the most common 
n g a n i c  acid in the ai l ,  rarhon dioxide, occurs in quanti- 
ti(* s e i e u i  hinidred ti~iie- greater than those of the ail  
pollutants. i t  is therefoie necessa~y  to s tai t  \tith a large 
piant i tv  01 coiireiitiated -.odium hydroxide to lie able to 
c o l l t ~ t  si/al)lth quantities of the organic acids. 

I on1 experiments we started with several liter. 01' 
ten perrent sodium hydroxide and, in a run of several 
l a \ \ .  made a verv expensive sodium carbonate from 
,$0.000 cu. ft. of air.  However. after careful acidification 
am1 ether extraction, several tenths of a gram of organic 
acid. rould lie extracted. 

' l i e  identification of the"e aciils ran he made liv 
rotnert ing tlieiri into derivatives which have rharar ter-  
I - t i c  nu~ltiii";)oints. liefore this can he done, they inust 
i f  sepai&ted t iom each other. Such separations. \\ ith 
+inall quan~itie.  involved, ran be accompli'Aed v+ it11 
r t~ioinatographir  procedures. \\ e have used a method 
whereby the acids are  converted into the phenylphenacx I 
ik.tt*i., uhicli h a + e  the advantage ol fluoresi~ing i n  ultra- 
t iolet li$it. 

Identifying acids in the air 

Vt lien the mixture of derivatives is passed through a 
rohiinn oi silica. a number of fluorescent bands appear. 
each representing a simple compound or  a mixture of 

losely related acids. In this way we obtained fifteen 
i f  these bands. illustrating the complexity of the acid 
iriixluie piesent in the air .  Some of these acids a r e  
noinial and branched-chain ones; others contain. in 
'iddition to the rarboxfl group. keto- and hydroxyl 
".loLlps. 

o r  a iontine analysis of the a i r  \+hen n o  detailed 
separ'ition of the collected material is intended. we rel j  
I the specificity of the reagents. When. for  example. 
a w l i i ~ i o n  of ~ u l f a n i l i c  acid and a lpha  naplithylamine 
tiirn. pink when aii  is bubbled through. we a re  reason- 
ably of the presence of nitric oxide. 

The difficultv corner when w e  use less specific reactions 
oi determine p o u ~ s  of iubstances on  the basis of their 
oxidation. reduction power or  acidity. For  example. if 
I\(% \+ish to determine the oxidizing material in the air.  
the amount of iodine liberated from potassium iodide 
solution can be used a3 a measure of ihis activity ihrougk~ 
iiiratioii with sodium thiosulfate o r  electro~iietric titration. 

, . 
l i i s  total oxidizing capacily does not allovv the making 

I '  any predictior~ a s  l o  the specific nature of the coni- 
) o u n d s  present. and the results a r e  further complicated 
) P  tlie pos-iiljle presence of reducing sub-tdnces ~ t i i c h  
act in the opposite way. The  iodine li1)eration is a 

balance of the 1 x 0  effects. diid .-'epai'ate drtenniriations 
for  a numhci of compounds such a s  li\dro";n peroxide. 
nitrogen oxide and rcdm i t i p ~ i h ~ t a t i c r s  a r e  nece-<an to 
enable us to explain this liberation ijuarititativt4~. 

hi the 1 ~ ) s  Angeles area it via? found b~ several 
independent inbe-tigators that [lie liberation ot iodine 
from potas-iium iodide $\as  relativtsl\ high. and exi erded 
by -everal nine- the atnotint \ \hi( l i  could i t ~ ~ i o n a h l j  be 
expected a s  a res~i l t  of the presence ol o ~ o n e .  \\ ith 
reagents more specific tlian j io t~s~iu t r i  iodide. siich a s  the 
dye. indigo-sulfonic acid. i t  is found that the ozone 
content cannot exceed a f e w  part. per hundred millioii. 
h i t  even 111e.e 1eagent-t a re  not fullv specific. and 
scrutibiiig the air  \\ ith a solution of feri ic cliloi iile and 
postassium I'eiric n'inide. \vliich dot,- not reiict \\it11 
ozone. ietluct^ h e  apparent wontA content itill further. 
Semiifuantitative exjicrinient'- on ruliher-rracking --iippori 
these lower figincs to1 the o/one roiltent in this a iea.  

High oxidizing powers of L.A. air 

I t  is clear that the (ieterminatioii of the oxidi/ing 
compound. needs a p e a t  de'il more \ t u d b  and <it the 
preserik time Me are faced I\ it11 {lie dillic~iltj of findinÂ 
an expldnatioii 1 oi i l i ~  liigli o\ vi'dll oxidizing 1)oIver of 
the Lo. Anodes air .  Since none ol the itrorpdnic i~o l ln t -  
ants gi \es  an i ~ t i s v \ i > i  to  lliis piohlrm. i t  is otil) natural 
to look lor  the preseiu-e oi orp11ic nuter ial  \ \hirli  m a  
h e r a t e  iodine from pota-siuni iodiile solu;ioiis. 

,, 1he organic sub-itanco in the 'iii d ie  of niitnifold 
oiigin and a re  suhjectcd to ~unligl i t .  a i r  and \\atci : and  
as  a result a rather complicated niixtine can I)e expected. 
It  i-i. therefore, of a < : h a i i ; ~  to cuii>,idei first uliat tlie 
suurccs of organic material are, and to what dcsiee +\e 
can hope to analyzr to r  these cornpo11nd-i. 

, I y he volatile material released into (lie ail  consists of 
liydrorarhorls. saturated and iiii.a;nrated. originating 
from products deri \ed f rom tlie petroleum industr) arid 
industries using sohents  of different kinds. This includes 
all  the material l o s ~  at the oil fichk. iefinet ie-. filling 
si'itions. autoinohilt~s. t-tr. 

Products of incomplete combustion 
r \ 1 hen \he have lo ronsicfer the producl-i of incomplete 

r o ~ ~ i h ~ i - i t i o n  from fuel as  well as  g a r l ~ a p  oot JlI kinds. 
I n  the literature v\e find detailed analyses for  a fev of 
these products. For  a repie.entative petroleum, the 
Jat ional  Bureau of Standards published the identification 
of approximately 90 hydrocaibons. These a re  mostly 
yaturated, whereas in the cracked gasoline extensixel) 
used nowadavs there i s  '1 large atiiount of nn-attirated 
hydrocarbons. 

Flie products f rom the r o ~ ~ i l ~ u s t i o n  of fuels liavt~ not 
lieen studied ver) t l ~ o r o u g l ~ i ~ .  Some of these product. 
a re  carl)on monoxide. nieil~~ine. fotnialdehyde. acrolein 
and phenol-'. Similar unsat i -factot~ data a re  available 
o n  the  ro~nluistion products of garbage. Its majoi 
components a t e  of plant and atiiinal origin. arid i t  con- 
tain. i~ high peiceritage of v+oo(i an(l [laper. 'I'he 



combustion will be a partial oxidation which in many 
rasps will approach a dry distillation when, as is often 
the case, not too much attention is paid to a sufirient 
-lul)ply uf oxygen. 

1'or one of the garbage materials. wood, we possess a 
thorough analysis of the distillation products. It has 

been. shown that saturated acids- - mostly acetic acid- - 

are formed, acci.impanied by a few unsaturated acids and 
one %it11 a furane ring. Also formed are alcohols. 
ketone'-. ctlclehydei. phenols and phenol ethers, ammonia 
derivatives and hydrocarbons of the benzene and turaue 
series. In total, more tliar1 a 1111i1cIred com[)ot~nds were 
identified in  these distillates. 

These examples, incomplete as they are, suffice to 
Y h o ~  the conipiexit-y of the material released into the air. 
\X hen tlieqe productb are released and exposed to sun. 
air and water. drastic changes in the rnolerules take place. 
such as oxidation and polymerization. 

This fact can easily be shown in the laboratory by 
exposing unsaturated hydrocarbons to the sunlight. 
Peroxide. are formed, and iodine is liberated from 
potassium iodide solution which has been added to ihe 
oxidized hydrocarbons. This behavior is not lin~ited 
to hydrocarbons. I t  has been shc~wn to occur with a large 
number of oiganic coinpoututs alcohols, aldehydes and 
acids. These peroxides in turn are decomposed and 

smaller aldehydes and acids are formed. The purifying 
action of the air will eventually break most of these 
compounds down to carbon dioxide. 

An interesting experiment on the oxidation of unsatur- 
ated hydrocarbons can be performed by mixing two 
streams, one of dilute ozone and the other of small 
amounts of pure, unsaturated hydrocarbons or mixtures 
such as cracked gasolines. %here  the two streams meet. a 
dense aerosol is formed. This shows some similarities 
to that observed in the Los Angeles a r e a ~ a s ,  for example. 
its oxidizing capacity, eye irritatingeeffect, and its nearly 
neutral character. 

This experiment presents a convenient way of prepar- 
ing a type of aerosol quite different from that obtained 
with sulfur trioxide, and ran be of help in the study of 
collecting techniques and analytical methods in this field. 
I t  also illustrates the possibility of a continuous chemical 
change of the products which one tries to determine. As 
soon as the ozonides are formed, the relatively unstable 
peroxides begin to decompose with the formation of more 
stable peroxides and the formation of acids and alde- 
hydes. At the same time a considerable amount of poly- 
merization takes place -probably the main cause of the 
formation of the dense aerosol. Also. the interaction of 
the products formed has been established, and we may 
therefore expect a rather complicated mixture in samples 
collected from air when uni-aturated hydrocarbons have 
been released. 

i n  such a case, the interpretation of the analytical 
results should be made with caution. and should take 
into consideration the possibility of conversions of the 
original products as well as the interaction of the com- 
ponents. 

On the basis of the analytical work, the conclusion was 
reached that the oxidation of organic material - under the 
influence of sunlight and ozone. and possibly other air 
contaminants such as nitrogen oxides plays an im- 
portant role in the pollution of the atmosphere. In these 
reactions, aerosols are formed which have eye irritating 
properties and which, because of the small size ot their 
particles, are able to decrease the visibility. 

Support of these conclusions came in an unexpected 
way when the action of smog on plants was investigated. 
It had been observed that crops such as spinach, beet6 
and grasses are often badly damaged when grown in this 
area. The symptoms are not identical with any observed 
in other areas. and are certainly different from sulfur 
dioxide damage. 

Effect of smog on plants 

I n  a project combiningthe efforts of the I.. A. County 
Air Pollution Control District (LACAPCD). the Univer- 
sity of California Agricultural Experiment Station at 
Riverside. and the California Institute of Technology an 
attempt was made to study the effect of smog and of 

individual air pollutants on plants. 
I t  is fortunate (although not accidental) that the 

facilities at the Institute's Earhart Plant Laboratory are 



ideallv s~iiled Jur .-,~ndies ol this kind. I D  this Jaht~ratory, 
rooiris are available where the effect of gases on plants 
can lie studied under closely controlled temperature and 
light roiiditiorit. Chemicals can be dispersed in these 
ooliis either in gabeous form 01 as aerowls. '1'he large 
turnovci ol air, amounting to 0,000 liters per minute. a i d  
t iopei  dis~iibiiiion of the incoming and outpirig ail 
make it poisibltb to carr] out quantitative determinations 
on  rht\inical plant damage with consideralile accuracy. 
(,as outlets provided in the doors permit the deterniiiia- 
tion of the coiiiaentration of the p w s  used in the fmni- 
ration. The effect of a riurnbei of possible air pollutants 
\~YI\ sfudied i i r l  CL series of ~dant- '  which lvere know11 to he 
sniceptible lo smog. 

The smog indicator plant- include spinach, s u v r  beet, 
endive. alfalfa and odts. The symptoms on the first three 
species axe mainly silvering or hron~ingiof (he underside 
of tile l e d ,  whereas alfalfa and  oath s h o ~  hieaching 
cflfc'ti. Some lift? ciirnpouiuis pos-,ibly present in the air 
were testcd on their ability io  cau.itx sniog <lainage 
without SIMW-s. However. when [lie reaction pioduct.s of 

o r e  with un-iatu~ated hydrocarbons w i t *  tiied, tvpic.11 
smog t l amge  resulted. 

r 7 1 he o7oni/ation wd< carripd out in vapor phase l ~ y  
bringing tlie vapors of the hydrocarbons into ~OlitAf! 
with the (>/one. V( hen the two streams nitset, ulense 
aerosol is formed which, through the adequate turbulence, 
is readily and evenly distributed in the room. 4q a source 
of the hydrocarbon.-, ten-degree fractions of a ci  dckeJ 
gasoline were used, (All gasolim- i i o ~  availahit-' is 
cracked, and contains 20 percent of olefins, 01 unscitiii- 

ated hydroc~rboiiii. The straight-run gaboline formerly 
used contained no more than 1 perrent of olefins). I t  
w d s  found  hat the maximum of typical plant damage 
ocriirred with the oxidation products of low-boiling 
hydrocarbons. 

After these encouraging results a series of pure olelins 
was tried in the ozone furniga~ion experiment-'. Maximum 
damage w a ~  found to occui with olefins of a cliain length 
of fiie to six carhon atoms with the double bond in the 
end position. 

Active agents in ausing smog damage 

During these oxidations a series of products ate 
formed, with aldehydes and '%rids as end products. 
Fumigation experinien~s wilh these shotv thai they are 
not responsible for the typical damage. We concluded. 
therefore, that the starich of peroxides lorrned by the 
addition of omne to the double bond are the active agents 
in causing the twical  smog damage. Threhhold determ- 
inations cairied out on 1-11-hexeiie showed that oxidation 
of this hydiorarhoii with a concentration of ozone ah lo\\ 
as 0.05 parts pel million still caused slight, bill twical  
sl impiamage.  

11 i-. leasoticible tu  assume that in o u r  dtinosphere 
where olefins are availdl>le, ihf (>Lone uhirh occurs iii 
unpolluted a i l  in concentratioii. of 0.05-0.08 part- per 
million ronibine5 with hydioraibor~s released in the 
area to produce material causing croli damage. Hun-  
evw, the exieni of the damage expeiiein*ed when a snsog 
wave hits the plants lead, one to suspect that there are 
additional means by which oxidi/ed fi~irorarbotis  roiild 
i t %  formed. 

I t  lias l i i w i  ilunin that oil fractions acquire ~ e e d -  
kil1inm)iopertie-i  lien t'xposed to the action of -.1111- 
light ami oxygen. Saturated as well as uti-'aturated 
hydrocarliori~ are thereby oxidized, yieldingperoxide-. 
and [heir conversion products, aldeh\des and tivids. 

Oxidizing the hydrocarbons 

A third way of oxidi/ing the hydrocarhoiis was found 
in the plant experimeiits when oxides of nitiogen were 
used together w it11 olefin.-,. These oxides add to the 
double bond of the hydrocarbon and form nitrosatei and 
nitrosites. Fumes are produced which can be eye-irritat- 
ing when the reaction is taking place too \iolcntly. as in 
the case of butadiene. tliroiigh the formation of nitio 
olefin.-,. While i he nitrosate- and nitrosites are not caus- 
ing plant ddniage at conwtilration-' lower than one par1 



W I  million, one of ill? nitro olefiiis. nitroelliylcne (a Â ¥ ~ - l  
~Hicivr~t h i r h ~ y m a t o i ~  did produce smog symptoms at 
coin-eiitrfttions of 0.1 part pet million. The presence 
of  this (*ompound i n  tlie ail has riot been estahlishecl. 
:~l~liouy:h theie i5 evidence thai some of the higher nilro 
iilchns do orcur. since we fouiiil small amounts of their 
) o h  n i ( , i ~  in ihv filter-paper extiacts. 

Since i t  was known thai the riitiogeii oxides ma\ 
ti~nriioii f i  oxidation ~tfttiijsts uiide~ the influerice ol' 
light. pittiit fu~r~igations wet e also carried out with 
i t  dioxide and [lie olt~fiti1- uridei ultraviolet light. 
Tvpicdl siiiog fimiagc has produced o n  ~ I I P  plants uith 
hot11 gasoline aiid 1-it-hexme. These syniptorrii ran be 
1iroduccif retidilv in sutilighi since, froni chemical evi- 
deiicc. it is known  that the upper limit of the photo- 
r a t a l~ t i c  artion of nitrogen dioxide is at approximately 
I'WO 4. a wa\elengtli ot light within the rat)"; eoi 
wavelt~t~gtlis ieceived Irom the sun at the earth"-' 
sui lacc. I. iiift~i tlit* iiifhience of the light the re:ii~~ion 
N 0 2 - + 0  1 0 iuii i ishe~ titon~ic oxygeit v^iirh is avail- 
dlile iot the oxidation of the li\drocarl~oi)s. 

Smog effects on rubber 

Supportiiis; evidence tor tins \02 cataly~cd oxidation 
came from a lotall\ difterent aspect, of the smog prob- 
lem. Tire inanufaclmers had observed that ruhher 
deteiiorates fastei in this area than i n  other parts of 
tlie i o~int rv. The eff ecis observed are rapid cracking 
v\ lien du' uibhei is stretched 01 bent iluriiig tite t~xposiirc 
to [lie atmosphere. This pfl'ect was initially attributed 
to tlie o7one in  the atmosphere. llowevei, siiice it was 
shown that the high uxidizing value of the 'air was not 
due to the action of u/oiit', hut to that of peroxidizeil 
organic i i ~ t c i i a l ,  it was i iecessq  to find another 
~xpl~ii~ti t iot i  foi thik ~iherioii~enoo. Jh. C. K. Hiadley 
developed a lechnicjue to study iiihber cracking hy plar- 
inp hetit' rubber strips iii a measured sireain of air. 
I ndei the condition'-; of the test, i t  take< half an hour to 
o w  liout to piodiice c i c ~ A i n g  on a iioii-sniog day. %hen 
the s m o c s  81 ~i iifiiximuitl. the cracking is visilile after 
or14 %ev?n mi~iiites. This clacking effect can be (-om- 
iared ~ i t h  thd~  caubtd by ozone. While. for example, 
on a noirnal day the concentralioii of "ozone' calculated 
in thib way i s  2-3 parts per hundred million, on a smug 
day calculations 'how that there should be 10 parts per 
hundred million of '"iozaiw"' in the air to give similar 
daniagc. 

\^ in t h e  plant experiments, many substances were 
~ r i e d  VMtlioui producing tlic typical cracking. and when 
i t  was found that the action of sunlight on hydrocarboris 
and nilrwen oxide gave plant damage, bent rubher 
samples were exposed to a similar action. The result'- 
of these tests -.bowed that cracking of rubber similar to 
thai caused 111 ozone could be produced. In this case, 
the rubber, beingan olefin. functioned as did the lighter 
iit~satiirated hydrorarboiis in the plant experiments, as 
avc<>j~tin 01 ihe uxy y r ~ .  

r 7 I lie ev iden t  from these different lines of research 
all points to the prc'eiivc of peroxidized compounds, and 
a direri (lenion'~tration of their presetice ran be made 
when enzymatic reactions are iiscd. Peroxidase is able 
to oxidize a number of amincs and phenols to colored 
coiiipoiiinls onlj  1% hen hydropn peroxide or alk! 1 
peroxides are present. This reaction is readil! giw'i ky 
condeiisatei collected from tlic air in trclps coulee) with 
liquid oxygen. This peroxidasc ri'artioii and the color- 
ing of the reagent is prevented 11) poisoning the c r i z p c  
with hydrogen cyanide. thereli> e s t a b l i s l i i n ~ t ~ a t  {lie 
color is not due to a non-specific oxidation, hut to the 
enzymatic action of the peroxidase. 

As a result of [his work \\c have come to the con- 
cliision that the organic material. mos~l l  li\droearhoiis. 
released into the air is oxidized 1)y the o ~ o n e  initially 
present: by the action of oxypi i  and suiilight ; and by 
the catalytic action of the MI2 and V) cjcle releasing 
atomic oxygen under the influence of the sunlight. These 
oxidations produce peroxides, aldehydes and acids, and 
aerosols arc formed whicli decrease visil)ilit\ and would 
be a source of eye irritation. In addition. iide reactions 
such as the addition of the nitrogen oxides to the double 
lwouds might occur, gi l ingrise to aerosols. as well a'- eye 
irritants. These reactions are incorporated in the follow- 
ing scheme: 

\ ,  

-a  
EYE IRRllATION 

PRODUCTS RUBBER CRACKING 

lf'or 'i totdl pirlurt- ul tile an  yollutioii 1irol)let11, the 
presence of inorganic malt-rial* catmot be neglected. 
Surh a roiitribution VM' find in the StL, which through 
its oxidation with Â¥srnligh and oxygen w i l l  decreae tht* 
visibilily. I ndoubtt~dly the rakalytic action of ttie NO.. 
with light plays an important role. as i n  the case of the 
oxidation of the organic material. Through the toinbinecl 
efforts of the enforcement agencies as well as industry. 
this source ot pollution has been greatlj reduced, as has 
that of metallic diists. 

Where we go from here 

\Vi l l i  tlicse i(lcas o n  the callst-- of tlie srnog nuisance. 
the sirlog eihiiiiatioii has entered a n c ~  phase. Careful 
studies have to he made of the amo~ints and nature of 
the organic material released into the air. In this way 
we can hope to make u p  a balance sheet on which all the 
deposits of the coiitributors are listed. Only in this 
uieinotional way ran we hope bring relief to this area. 


