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THE GROWTH OF AEROSOL IN AN URBAN PLUME 

A. J. Alkezweeny 

ABSTRACT* 

Time.  changes  o f  a e r o s o l  p a r t i c l e ,  s i z e  d i s t r i b u t i o n  

i n  t h e  range  o f  0 . 0 1  pm d i a m e t e r ,  c o n c e n t r a t i o n  o f  0  3' 

N O ,  N O 2 ,  SO2,  s e v e r a l  hydro.carbons,  and s u l f a t e  were 

measured i n  an urban plume. The i n v e s t i g a . t i o n  was con-  

duc ted  i n  a  Lagrangian  frame o f  r e f e r e n c e  u s i n g  

i n s t r u m e n t e d  a i r c r a f t .  The a i r  p a r c e l  t r a j e c t o r y  was 

i d e n t i f i e d  by t h e  movement o f  a  t e t r o o n  launched from 

t h e  ground t o  an a l t i t u d e  w i t h i n  t h e  plume. T h i s  

s t u d y  was c a r r i e d  o u t  i n  m e t r o p o l i t a n  S t .  L o u i s ,  M i s s o u r i ,  

U. S .  A . ,  d u r i n g  t h e  METROMEX program. 

k pronounced change i n  t h e  a e r o s o l  p a r t i c l e  s i z e  d i s -  

t r i b u t i o n  and an i n c r e a s e  i n  t h e  t o t a l  volume o f  t h e  

aeroso  Z were o b s e r v e d .  Gas t o  p a r t i c l e  t r a n s f o r m a t i o n  

i n v o l v i n g  e x i s t i n g  n u c l e i  i s  r e s p o n s i b l e  f o r  t h e  a e r o s o l  

growth.  I n  t h i s  paper + h , e  r ~ s u l t w  nf t h e  measurement o f  

t r a c e  gases  and t h e  a e r o s o l  p a r t i c l e s  and t h e i r  chemica l  

a n a l y s e s  w i l l  be p r e s e n t e d  and d i s c u s s e d .  

*This Abstract has been excepted for presentation in the 12th Inter- 
national Symposium on Atmospheric Pollution, 5-7 May 1976, Paris, France. 



The o b j e c t i v e  of t h e  exper iment  conducted i n  S t .  Louis  du r ing  

t h e  summer of 1975, was t o  de te rmine  p h y s i c a l  and chemical  changes  of  

p o l l u t a n t  i n  t h e  c i t y  plume. Emphasis was p l aced  on p a r t i c l e  growth 

by c o a g u l a t i o n  and/or g a s  t o  p a r t i c l e  t r a n s f o r m a t i o n .  The i n v e s t i g a -  

t i o n  was c a r r i e d  o u t  i n  a  Lagrangian frame o f  r e f e r e n c e  u s i n g  i n s t r u -  

mented DC-3 a i r c r a f t .  The a i r  p a r c e l  t r a j e c t o r y  was i d e n t i f i e d  by t h e  

movement o f  a  0.94 m3 t e t r o o n  launched from t h e  ground t o  an a l t i t u d e  

w i t h i n  t h e  plume. P o r t i o n s  of  t h e  d a t a  w i l l  be  p re sen ted  h e r e ,  

d e t a i l s  of t h e  r e s u l t s  w i l l  be  r e p o r t e d  l a t e r .  

S i z e  d i s t r i b u t i o n  of p a r t i c l e s  w i t h  d i a m e t e r s  i n  t h e  range  of 

0 . 0 1  m t o  1 . 0  m was measured w i t h  an  a i r b o r n  E l e c t r i c a l  Aerosol  

S i z e  Analyzer ( l i e  e t  a l ,  1974) ,  and t h o s e  from 0.3 m t o  about  5  m 

w e r e  o b t a i n e d  w i t h  a  Royco O p t i c a l  Sensor  Model 2 2 0  i n t e r f a c e d  w i t h  a  

16 channe l  p u l s e  h e i g h t  a n a l y z e r  and p r i n t e r .  A General  E l e c t r i c  

P a r t i c l e  Counter was used t o  measure c o n c e n t r a t i o n s  of Ai tken n u c l e i .  

P a r t i c l e s  were a l s o  c o l l e c t e d  on I P C  f i l t e r s  a t  t h e  r a t e  of  50 cfm 

f o r  l a t e r  chemical  a n a l y s i s .  A f lame i o n i z a t i o n  d e t e c t o r  was u t i l i z e d  

f o r  de te rmin ing  SO2 c o n c e n t r a t i o n .  NO, NO2 and O 3  c o n c e n t r a t i o n s  were 

measured w i t h  a  TECO Model 1 4 D ,  NOx Analyzer  and a  Bendix Ozone 

Monitor. Temperature due p o i n t ,  and a i r c r a f t  parameters  w e r e  a l s o  

recorded .  Most of t h e  parameters  w e r e  sampled a t  t h e  r a t e  of  f i v e  
r 

t imes  a second and averaged over  t h e  second v i a  a  Nova computer and 

s o t r e d  on a  seven t r a c k  magnet ic  r e c o r d e r .  

The t e t r o o n  was launched e i t h e r  from c i v i c  Memorial A i r p o r t  

o r  Weiss A i r p o r t ,  l o c a t e d  a t  t h e  edge of t h e  c i t y  ( s e e  F ig .  l ) ,  

depending on t h e  wind d i r e c t i o n .  The c h o i c e  was made t o  avoid  t h e  

t e t r o o n  from going over  t h e  c i t y  and i n t e r f a c e  w i th  commercial 

a i r c r a f t  f l i g h t .  . The procedure  f o r  dep loy ing  t h e  t e t r o o n  i s  t h a t  

d e s c r i b e d  by Hocker (1975) .  Before and d u r i n g  each f l i g h t ,  p i b a l  



d a t a  w e r e  c o l l e c t e d  t o  d e t e r m i n e  wind speed  and d i r e c t i o n .  The 

t e t r o o n  was l aunched  a n  hour  a f t e r  a i r c r a f t  t a k e  o f f  t o  a l l o w  f o r  

i n s t r u m e n t a t i o n  c a l i b r a t i o n  and s t a b l i z a t i o n .  

On August 6 ,  a  t e t r o o n  was l aunched  a t  1615 l o c a l  t i m e  from 

Weiss A i r p o r t  t o  a n  a l t i t u d e  o f  3000 f t  MSL. The day was c h a r a c t e r i z e d  

by low o v e r c a s t  s t r a t u s  and s t r a t a c u m u l u s  i n  themorning c h a n g i n g  t o  

broken cumulus by  a b o u t  noon. Then broken v a r i a b l e  s c a t t e r e d  

cumulus and s w e l l i n g  cumulus i n  t h e  a f t e r n o o n  t o  c l e a r  a t  s i n s e t .  

The wind was f rom t h e  n o r t h e a s t  a t  ab0u.t  1 7  k n o t s .  The t e m p e r a t u r e  

i n v e r s i o n  a t  1647 h o u r s ,  was l o c a t e d  a t  a b o u t  8 ,000 f t  MSL. Al though 

SO2 d a t a  was n o t  c o l l e c t e d  d u r i n g  t h i s  f l i g h t ,  however,  a  v a l u e  of  

4 8  t o  9 3  ppb w e r e  measured a t  3000 f t  on August  4 a b o u t  t e n  m i l e s  

upwind o f  t h e  l a u n c h  s.ite, and under  s i m i l a r  wind c o n d i t i o n s .  

F i g u r e  2 shows t h e  t i m e  changes  i n  t h e  p a r t i c l e  volume c o n c e n t r a -  

t i o n  measured d u r i n g  t h e  f l i g h t  super imposed on it i s  t h e  s u l f u r  

c o n t e n t  o f  t h e  a e r o s o l . ,  The volume c o n c e n t r a t i o n s  w e r e  c a l c u l a t e d  

from t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  and t h e  s u l f u r  was o b t a i n e d  from 

t h e  a n a l y s i s  of  t h e  hi-volume f i l t e r  by X-ray f l u o r e s c e n c e  t e c h n i q u e .  

I t  shou ld  be  n o t e d  h e r e  t h a t  t h e  volume c o n c e n t r a t i o n  i s  a n  a v e r a g e  

o v e r  f i f t e e n  m i n u t e s  o f  sampl ing  t i m e .  The f i g u r e  shows t h r e e  

d i s t i n c t  f e a t u r e s  o f  t h e  a e r o s o l  mass c o n c e n t r a t i o n  p r o f i l e .  The . 

f i r s t  60 m i n u t e s  t h e  s u l f u r  and volume c o n c e n t r a t i o n s  d e c r e a s e d  

w i t h  t i m e  r e f l e c t i n g  t h e  dom.ination o f  plume d i l u t i o n  by d i f f u s i o n  

o v e r  p a r t i c l e  growth.  During t h e  second 60 m i n u t e s  'plume d i f f u s i o n  

was less s i g n i f i c a n t  and t h e p a r t i c l e  growth was d o m i n a t i n g .  A t  t h e '  

end of t h i s  p e r i o d  a  new m a t e r i a l  was e n t r a i n e d  t o  t h e  a i r p a r c e l  

r e s u l t i n g  i n  a  d e c r e a s e d  c o n c e n t r a t i o n .  A t  t h i s  p o i n t  t h e  p i l o t  r e p o r t e d  

smoke from below h a v i n g  reached  t h e  sampl ing  l e v e l .  A p p a r e n t l y  t h i s  

new m a t e r i a l  h a s  a  lower  mass c o n c e n t r a t i o n  b u t  t h e  t o t a l  number of  
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particles is higher. The latter conclusion is based on examination 

of the variation of the total particle number concentration with 

time (Figure 3). As expected the first two hours was characterized 

by a continuously decreasing in the particle count as a result of 

particle growth and plume diffusion. Beyond this point the count 

started to increase. Although the number concentration was 

calculated from the measured particle size distribution, similar 

profile was also observed from the.G. E. Aitken Nuclei Counter 

(Figure 4). 

Figure 4 shows the variation of other parameters measured 

during the flight. The relative humidity value was in the range 

of 50% to 60': and the temperature fluctuated around 20°C. The 

change in altitude with time is the sampling altitude but it was 

very close to the tetroon level. The ozone level slightly increased -: 

with time. On the other hand, the ratio of NO/NO~ decreased and showed 

no correlation with the ozone. This behavior is typical of the flights 

we made. The NO and NO2 levels remained always below about 20 ppb 

except when a plume was encountered along the. tetroon trajectory. 

In this case a drastic drop in the O3 level was observed associated 

with an increase in the NO/N02 ratio. 

Figure 5 shows the changes in the particle number distribution, 

and the same data is plotted in Figure 6 in turn of volume distribution. 

It is clear that particles of sizes below about 0.06 p i  were growing 

to sizes up to 0.9 1.lm.. Since the total number of particles 

decreasing while the total volume was increasing, therefore, the 

particles were growing by coagulation and chemical condensation. No 

evidence uf homogeneous nucleation of particles can be seen from 

this data. Similar behavior was also observed by Husar and Whitby 

(1973) when a large balloon was inflated with Los Angeles ambient 



air and exposed to solar radiation. 

It is useful to compare this size distribution measurement 

with those measured a year earlier on August 21, 1975. For this 

experinient, the tetroon was released to an altitude'of 3000 ft MSL, 

from the Civic Memorial Airport about noon under clear sky with an 

average wind speed of about 8 knots. Figure 7 shows the size 

distributions measured. It can be seen taht the particle g.rowth 

is similar. The two sets of particle size distributions showed the 

bimodel nature of the distribution. The first mode roughly lies 

between 0.06 .to 0.9 um, the so called accumulation mode (whitby 

1973). Particles in this range grow by coagulation or condensation. 

The second mode is above about one micron. Particles of such sizes 

showed no detectable growth, and as it can be seen from Figure 7, 

their number decreased with time as a result of plume diffusion. 

Plume diffusion does seem to dominate the growth of smaller particles 

as the case of August 6. .However, the mass concentration measured 

on August 21 is much higher than that measured on August 6. 

The experiment described above is part of the aerosol and trace 

gases transformation program aimed at understanding pollutant- trans- 

formation through field experiment and modeling, with a strong 

interaction between the experiment and the models. The models are 

described elsewhere by Hales (1975) and Drake (1976). 
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FIGURE CAPTIONS 

Shows the locations of the tetroon launch sites and the major 
SO point sources emissions. i'n the area. 

X 

The variation in the aerosol volume concentration and the sulfur 
content of aerosol measured on August 6, 1975. 

Concentration of particles larger than 0.01 pm.in diameter as a 
function of time'measured on August 6, 1975. 

Some of theparameters measured during the August 6, 1975, flight 
and the 03, NO/N02 concentration. 

Number distribution of particles measured on August 6, 1975. 

The same as Figure 5 except the data plotted as a value distribution. 

Volume distributions of particles measured on August 21, 1974. 









03-NO/N02 CORRELATION 
8/6/75 ORTR FROM 1643 TO 1943 
CORRELATION COEFFICIENT R--.0696 
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