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, ,bgcles, Calif.. the most disagreeable elTects of  
-murkiness and irritation of the eyes, no-, and 
.dthhe inhabitants. The mnst apparent economic 
c the damage to cer ta in  crops. Combust ion prod- 
-&buts materially to the atmospheric  impurities. 
.+nm.tely 50,OOO tons per dn?- of fuel and ruhhish are 
I in Los Angelea County. I'uhlie and induetriul 
*of these mater ia ls  emits to the.aren each day u t  
a tone of these impurities, not including earbun &. flonechold biirnhie of 4000 tons of t rash,  the 

i hgeles smog charaeteristirnlly causes irritation to the 
ma and respiratory system arid is accompnnied by odor 
aiht haze that restricts visibility. Under certain weather 
LW, air pollutants revulting from human acti6t.y in the 
nls basin are discharged into the sir faster than'niturul 

When the build-up z;:cf, smog results.  don operations were studied as sourcea of atmospheric' 
!k, because they are certninly not insignificant in quunn- 
~ u s h g e l e s ;  in other cities the products of combustion are 
hipal  contributors to air pollution. Furthermom?, 
&e analysis of the conihuation products from typical in- 

es can carry thm, n\ray. 

biggest single mume, aends 550 tons of orgnnio mater ia ls  
into the air every 24 hours. Appmximately two thi rd-  of 
t h e  ehemieals entering the-gir  from oomhust ion are or- 
ganic in n a t u k .  Exhaust  f u m e s  f rom approximately 
2,000,000 automobiles, busses, and t rucks in  the county,  
which drive nn average of 50,000,000 miles p r  day, eon- 
t r ibu te  another 350 tons of organic  suhstances as well  as 
30 tons of aldehydes and 40 tons of nitrogen oxides. De- 
tailed data a r e  presented showing t h e  W U T C ~ R  of t h e  vori- 
ous impuri t ies  and the q u a n t i t y  each source emits .  

vealed that the products of Combustion of approximately 50,wO 
tons per day oi various materials are put into the atmosphere 
(Table I). 

Unlikemany other industrialarez, practicsllyno coal is burned 
in Loa Angeles. Consumption of coke, Diesel oil, and agricul- 
tural petroleum is less than 250 tans per day each, and was not 
considered large enough to warrant detailed investigation. Dur- 
ing frost periods, relatively large quantities of petroleum nre used 
to heat orchards, thus releasing considerable quantities oi smoke. 
However, these conditions, dthough frequently resulting in nui- 
eances to  the surrounding area, are not aeeasio,a oi typical smog. 

 showed that they were similar to the impurities found 
'nmosphere. Combustion produets nr 

Ily thought of as products of complete combustion, 
may cws  are incompletely burned products, a 
b?dmcarbons that escape from automobile exhaust pipes. P . types of combustion operntions were studied, domestic 
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! 
m mdustml. This pnper summarizes the results of this ! 

perhaps lor the first time, that certain com- , . .  . 
uperatiom that previously hnd not been considered in,- 
Fontrihute m B major way to air pollution. This pawr  : . : COMBUSTION SOURCES 

findings concerning the nature and origin of combustion 
The collee- 

malytieal techniquc8 employed are not B pert of the 

. The data that follow are believed to be approximately repre- 
sentntive of the over-all combustion emissions to the atmos- 
phere. Care was taken to select as nearly representative instal- 
latioos as Dossible and to cover as r ide  a range of opersting con- 

-m that enter the Los Angeles atmosphere. 

-.ILXWi0n. I- ~~~ ~ ~ ~~~ ~ . 
ditions as necessary to  yield indicative average values. I t  is 
recognized that  the data are not true average values for any 

'iual, LUI atmosphere is considered polluted ii i t  contains single short-time interval. I t  is eoneeivable that such data could 
~~a(erisl--gaseous, liquid, or solid-in quantities sufficient be obtained by means of a statistical sampling. and by taking 
.E&nce. During periods oi smog, the Los Angeles at- into account all the variables contributed by the chmging habits 

It is the of approximately J , o o O , ~  people, However, accuracy of this 
4k matter-such as the small liquid and solid particla- degree was beyond the scope of the present survey. 
h c t a  the visibility; the gaseous components appear to he Determinations of the eEiuenta 
:tsponsible for eye irritat,ion (I). fmm%I gas nnd7GlZl<re made on typical large industrial 

tudy of the impurities that exist in tbe atmos- ' heating units, such as power plants and oil refinery heating 
atwe study of niiterials produced in combus- operations. The efeuenta from domestic and small commer- 

Hatiom revealed that the products of incomplete com- cial hot water space heating units were also determined. Typi-- 
.  omp prim only a part of the man-made impurities found ea1 data obtained in such tests are presented in Table 11. 
Ur. E w  combustion that ia usunlly considered to he Approximately one third of the fuel gases consumed in the 
2 in a s a m e  of products that are identifiable in smog. area m e  burned io domestic and small commercial heaters. 
.xey of the mter ia l  h u m 4  in the Ins hgelea  nrcn re- There n-as little difference in the.nsture of products of com- 
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Air P o l l u t i o n  

TABLE 11. ANALYSIS OF FUEL Gas ASn F ~ E L  OIL Cox~us~lON,  
. EFFLUENT 

Emiision to Loa Aneeles 
Conoeitritione, Atmosphere 
M../C". hlclcr Lb./Ton Ton/Day 
Gru Oil ti- Oil Gaa' Oilb 

2.4,  20 8 

2 . 6  30 28 100 

0 . 5 .  . .  

.. Aldchydra BO 75 2. 
AlllmOlli* 0.4 0.1 . . .  ' 
Nitrogen oxidra 410 
Acid8 (ru H O W  75 

Soiida 
Sdfuroxida 10 2 m  

14 2s ] io  io0 
O r p i e .  80 300 3 IO ao 35 

a. 220 0:3 BO 

BW 
8W 

18 ... 
0 Baaed on urnsumptipn rate of 20.400 tons ner day of f m l  em atimsted 

from southern Cnldornm Gaa Co. report for 1848 nnd information from 
m t r d e u m  refiners m Lop Angelc. area. 

b Bnaed ~n conrumptlon +e of 7aoo tom per day of fuel oil es t imted,  
from 1819 0. S. Burenuaf A l m a  report. 

c Information from petroleum refiners indiontu an additional SO tons 
par dny of sulfur oxides (sa 601) emitted from CombYstlOn Of thur PrD. 
dueid w. 

bustion frmn large scale industrial units and from small household 
gae-fYed, hot water heaters. The quantities of impurities pro- 
duced per unit quantity of gas burned were also comparable. 

ALTOUOBILE EXHAUSTS. It is not unusual to sense foul odors 
emanating from lsrge busses, tN&, and Diesels, or to  see clouds 
of fume pouring forth from the exhaust pipe of an ill-conditioned 
jalopy. It is common h o d e d g e  that the exhaust fumes from 
all automotive vehicles contain toxic quantities of carbon man- 
ozideasaellaslargequantitiesof carbon dioxide and watervapor. 

It has been suspected for some time that the automobile pro- 
duces exhaust fumes containing other substances which, in the 
aggregate, contribute in a significant manner to the air pollution 
in a city. 

The composition of automobile engine exhaust gases was 
ezaminwl in tests an a blacked engine under simulated driving 
conditions of constant speed, acceleration, and deceleration. 

1 Teste aere elso conducted on actual operating vehicles. figure 
1 illustrates the manner in which the tests Were made. 

, 

The results of these tests shoaed that the pm.loruuyn ,,,,U 
sion is volatile organic materinl, repreacnting 

.;, ., gasoline consumed. The method of eolleetinp  tu,^ .,,.* N," _,* 
material resulted in a measure of only the mater*] I,+,~,~ ~,-.* 
the C, hydrocarbon t.ypes (approximately .lW C.1, 

Measurements have been continued on the kYdn, ~ 

tons from automobile exhausts, employing a nww w.e,,u .* 
tisticsl npproach to tbe problem and Using n- ,lv<n,,+,- 
gas analyses for a more detailed mensuremcnt ad 
of the various constituents. These results mill I. iM,,r,l 
a t  a later date. Although they are not yet mmplrcr. u.: I),... 

that automobile operations in the Ias Angel- -4.. ,".- 
hydrocarbons than were indicated by the technitp. -.* 
above. 

The data further show that  the emissiona of 0-v n*,,.,r 
as a-ell as of oxides of nitrogen vary mnsidcrul~l~ .CL ..,,.. 
operating conditions. Undw conditions 01 idlinE. w.G.. .,* 
or deceleration, the combustion iB much less ellirirtrt !y.> 11. .. 
ganic emission relatively much greater) thnn at muuu .>- 
power operation. The emission of the oxida ol WC,,.. , 
greatest under power conditions, probably bwaurr ul 11. bse,- 
combustion temperatures in the cylinders. Tlic nitnq.m ...,,,. 
must be produced by the ha t ion  of atmospheric nit-- a,,..,, 
the combustion, as purified hydrocarhonn free from orrtita W R  
gen compounds produce similir quantitics of nit-- w..... 

when used in dace  of easoline. . - 
REFWE. In the Ias Angeles area, combulitiblr h(u- 

_-." . ~~~ 

of mnditions luinl W"" 
ment ahown in Figure 2. 

In B typical test 9 pounds of paper or G powlda Of P" &" 
clippings were burned and mmplings mnde Of the rf?hm' E' 
The volume of s i r  was measured wit,h a rolatinE nmeaNnsm*''' 
in the draft door. The avemge data.oblaincd in CWnI ""I' 

run areshown in TableV. 
On a weight basis, organics were found to be the kW+' 'u" 

of materials in the effluent. The OrgalliC nUltc*lr v*'''*C " 

Sampling equipment codsisted of a condensing system to r e  
move most of the water and a freeze-out train composed of ves- 
~ e l s  cooled successively with ice and dry ice. A measured 8tr-m 
of exhaust gas wae drawn through this system. Samples oi gas 
for analysis were t,alien at points A,  B, and C in the diagram. 

The condensates and materials frozen out were analyzed for 
nldehydes, acids, nitrogen oxides in solid carbonaceous materials, 
and volatile organic matter. The reaults are shown in Table 111. 
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'0"s per 24 f 

. i n  the ma14 
posed of by burying, burning in small incincrntun DI 0.b. ..,._ ' .the garden 
dwelling places, burning in industrial silo-typ inrinmtm .,i .xin and p s  

1 ~ ~ ) ~  .,. -rrnpts were 
tained in a survey of the amount of materials h u m d  I t ?  u. ."& 3stter and s~ 

: sparation b ous methods are shown in Table IV. 
DOXESTIC INCINERATORS. There are appmximtr l~ w: :rx ir particles. 

' m t  that  thi domestic incinerators in the Ins Angeles area. hleA a' urr  ... 
.>ition of the t cinerators are of B starldard type with a volume of qt;mn,~us.. .. . 

6 cubic fed. Most hpuseholdern have an incincratnr iir t h  Q-. i . TT 
yard for dieposing 01 m - 1 ~  I-.,-. ,mdustrid,,.c 

,.obtained in and garden and gnur tn5.r.o... .' 

The operation of the inrurrsw I , ,ioTahlebT, 
subject to widely v w m s  a*=. ..* !. .. 
tion conditions. Jlum I-P- . 
than not, the iocinernlw I* crrna-d 
full mixture d tp~t-.-i 

is at hand. The mmr-i?r* * 
usually tlmt the n d - b  * .I 
smolder and evcntuall? d b P l d  I*( 

of the stack. 

tars in the area and 8 d b.' 
edge of the quantitic) d mI--l 
dispoL& of hy this rr*.1D*. 19  ' * 
learned that appmrinutrl.v h.:: s i  

the average chargc WnrU1-1 W-' 
and half of gndtm trimmino. :'* 
mmpositian of the rfflurnt c m  -:* 
pen& upan nimy IsrtOn. Y l L  * 

uul m*d,':* 

content of the rlarpc. and Ib d'*'' 
conditions for lhc fin'. 

Figure 1. Sampling Pmedure for Automobile Exhaust Gases T-.+~ mnrluctd ualn 9 

burning in a Tew engineered municipal incinrraton. 

.SIcIPAL IN< 
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From obscrvatian of the 
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*@culate material, including tars and cnrhonized prod- 
+ .Udehydes and acids tiere present in considerable quan- 
,D the materials emitted by the paper fires. Effluents 
I ,h garden clippings contained appreciable quantities of 
&andpssiblyamines. 
mpta were made to differentiate between tarlike pprticu- 
*dtter and solid platerials. It tias not possible to make a 
*+paration between the tar and the solid carbonaceous and 
h @ides. Hotiever, microscopic observations made it 
-t that the solid materials coniprised a relatively small 

total particulate matter. 
L.L WOOD WASTE INCINERITORS. A' typical s i b  

dusrial wood waste incinerator is shown in Figure 3. The 
ihaioed in tests on emissions from such an incinerator are 
+aTsbleVI. 
hrinpn~ INCINEFATOR. A municipal incinerator, rated at 
Pat per 24 hours, tias also sampled to obtain data on the 

. .  

Figure 2. Diagram of Equipment  Used to Test Effluents from Backyard Incinerators  

TABLE 111. ANALYSIS OF AUTOMOBILE EXHAGST ~ ~~~ ~~~~ ~ 

E m h i a m  01 
Operating Cooditiona Chemicals to L..4. 

Atmospherea 
Speed Deed. SPeei 7 

% u m d  Tons/daYb 
-line Concentration.. 

~ . / o u .  meter 
6 30 
0.7 I 

40 
3 0.6 

350 70 

30' 

K fCK0) 200 250 loo 
15 
25 . 8 

-I",) 50 

18 
k l n i d c .  (NOI) 750 

18 
b 

3 
C d a  

5 
I 

6 8 0.1 0.3 

u IV. ES~UTEO DAILY TOSSAOES OF REFUSE BGRNED 
IN h s  h G E L E S  .\RE.4 

2 w o  
2Mx) moo 

185 
9165 

Domatie incineratora~ 
Garden trimminea 
Paparb 

Iaduatrial wood waste' 
Muaicipnl inciner8tor.d - 

third major source of combustion products from refuse. The data 
obtained in the tests are shown in Table VII. 

Solid emissions are indicated to be high, but this may have been 
due to the manual agiiation of the fire bed during the period of 
the tests, as the mechanical agitator tias out of order. 

For purposes of comparison, the quantities of the various com- 
ponents found in the effluent from a ton of refuse burned in each 
of the three principal processes are presented in Table VIII. 

Figure 5.  Typical Silo-Type Industr ia l  Wood 
Incinerator 

Field obamisf at work om sa.dpllnp plnrform 

The greater emission of organic material and the lesser emis- 
sion of nitrogen oxides from the domestic incinerator are clearly 
evident. 

Combustion oper- 
ations also release to the atmosphere large numbem of liquid 
droplets. It has not been possible to measure the mass of the 
material emitted, in this form, but their possible importance is 
s w e s t e d  by the close resemblance of many of the droplets that 
are found in the atmosphere to those that are produced by com- 
bustion operations (9). Figure 4 shorvs a photogrnph of droplets 
collected from the Los Angeles atmosphere on a glass slide by an 

D ~ P L E T ~  FROM COMBUSTION SOURCES. 

\ 

IS2 ' I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  1349 



-Air Pollution- 

TABm VII, h~uNIcrPAL I N C I N E U W R  E-LUE~T 
Emhiion of Chcmiub u 
Los Anuslea Atmapb- 

Lb./ton concentration. 
Mg./Cu Meter Of wa8to 

1.1 0.1 
0.8 0 
2 .1  0.2 

0.U 
0.1 
2 

80 

120 
Aldcbsdc. 20 

13W 1.0 0 . 1  
O l p i C d  
&all& , 05 

AmmOOlP , 
Nitrogen oudm 
Aeid.(HOAd . 3s 80 7:s 

23 

of matcrhl io munidpl 
Sullvr omdm 

1.1 0.1 
0.8 0 
2 .1  0.2 

0.U 
0.1 
2 

80 

120 
Aldcbsdc. 20 

13W 1.0 0 . 1  
O l p i C d  
&all& , 05 

AmmOOlP , 
Nitrogen oudm 
Aeid.(HOAd . 3s 80 7:s 

23 
Sullvr omdm 

matcrhl io munidpl 

Domeatis I n d w r d  
P.P" Trimhnm Muoiripal WCdF,. 

1.1 >I 
0.3 
2.1 1.3 
0.0 0.4 
1.4 20 

~ i m g e n o x i d e  K5 ... 
4.7 . . ... 1 .o o:ii Solid8 1.1' 0 

5.7 
4.4 
0.6 

2.1 
0.1 

1.5 

Aldehydes 
Ammo- . 
ACi& 
0.KSani- 

Sulfur oxidaa 
23.. 41s 145 

The various contributions to air pollution of the severs1 I!? 
of burned in Los Angeles are tabulated m'M 
IX, A division has been made between industrial and g M  
or public, Bources. 

The division between industrial and public SOUrCes M D(n 

s a d y  an arbitrary one. In  general, fuel gas and fuel oil C O d C  

tion from lawe industrial usem, power Plan% md 



-_ . ,, IS. Toxs OF POLLUTASTS EVOLVED DAILY TO 1.0s 
,~SOEI.ES ATMOSPHERE BY COMBUSTION PROCESSES 

Or- 
&de. Am- Nitrogen Buifur gan- .*,. 

II.. 
bgdcD monia Oridea O r i d a  I Acida lea Solida 

83 84 17 20 0.5 
73 180 73 25 ... 

0 .5  2 2 _lLI 

6.5 ... 47 ... 9 I O  . . .  u 

'- " 30 
,$ 2 .K  ... 27 60 27 IO 0 . 5  

4 40 30 3 350 0.5 
4 2 550 . . . #0 L - - 2  1 - - - 

hd 47 8 11.5 02 41 820 . I  

I. 

f ..,I . m a r e  e k e d  as industrial emissions. Refuse burned i n  
-id and large cammereid incinerntors is also classed BS 

&I. All gwoline consumption. whether by private indi- 
&io pleaaure cars or comniercial vehicles such as delivery 
a md taxi cabs, is classed as public. Refuse burned in 
&Id incinerators is considered a responsibility of the public. 
d o n  the findings oi this study, the total amount of pollu- 
#pit into the Los .Angeles atmosphere by eombustion sources .,- 1850 tons per day. Approximately io% of this total 

JC.- e i e  in nature, 15% consist.? of the oxides of nitrogen, and 
r . r,m.&tsofsulfurdioride. 

.... 

..,. 
. *  IMPORTANCE OF CO>lBUSTlOS PRODUCTS 

. . 5  larvey of impurities introduced into the ntmosphere is of 
b prnctical value without knowkdge of the effects of the 
-substances. To nssess their relative importance as eom- 

of smog it is necessary to understand the manner in 
*'- ah they act and the type of nuisance value of the various 
' &ti&. There is conriderahle disagreement among indi- 
- k b  a8 to'what is most hothenome. Although progress has 

a made toward correlating combustion products with smog '-1 @quid droplyts pioduced by all combustion processes, the 
a d  aulluric acid, and the carbon and tar pnrticles in com- 
Om effluents are important factors in restriction of visibility. 
h ? r  irritation in the cit?- is produced at least partially by the 
IM ,~roducts of comhustion (I). I t  would be unn%e to say * dl the -us impurities in smog have been discovered, hut  
~ m m b i n a t i o n s  of those that have heen identified are.ltnoan 

much more remains to he lenmed. 

~ ~~~~ ~. 
4 a a ~  eye irritation at the concentrations at ahich they are 

L. 

I '  

Figure 6. Liquid Muterial Collected with Jet Impnetor 
from Stock Gus from Oil-Fired Boiler 

Obllque iliuminaiioo 

Further studies are needed to show the origin of what appears 
to he unaccountably large amounts of ozone (or at least some ms- 
terial similnr to ozone in that i t  produces severe cracking of 
rubber) in the Lo8 Angeles atmosphere. The mechanism by 
which the aldehydes are formed in theatmosphere, and thesources 
and significance of the orgnnic products that are principslly re: 
sponsihle for their existence also need further attention. . 
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Air Sampl ing  Stations in Ponclerosn Pine Blight 
Area of Spoknne County, Wash. (See page 1356) 
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