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CARBONACEOUS AEROSOL FRO% RESIDENTIAL WOOD COMBUSTION 
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Because of r i s i n g  convent iona l  energy p r i c e s  wood has  made a resurgence  as a 
r e s i d e n t i a l  hea t ing  f u e l .  A s  a r e s u l t  r e s i d e n t i a l  wood smoke a e r o s o l s  are becoming 
a major component of f i n e  ambient a e r o s o l s  i n  many a r e a s .  However, t h e  q u a n t i f i c a -  
t i o n  of  t h e  impact of r e s i d e n t i a l  wood smoke on t h e  ambient a e r o s o l  c o n c e n t r a t i o n  
has  been d i f f i c u l t  because t h e s e  a e r o s o l s  a r e  v a r i a b l e  in composition and s i z e  and 
have no unique elemental  t r a c e r s .  

The purpose of t h i s  s t u d y  h a s  been to examine t h e  s i z e  d i s t r i b u t i o n  and com- 
p o s i t i o n  of r e s i d e n t i a l  wood smoke a e r o s o l s  which have been sampled from cooled ,  
d i l u t e d  smoke plumes. 
t i v e  Of wood smoke a e r o s o l s  as they e x i s t  in t h e  atmosphere than t h o s e  sampled w i t h  
EPA Method 5. 
t h e  breeze  was s u f f i c i e n t  t o  move t h e  plume in a mostly h o r i z o n t a l  d i r e c t i o n .  Car- 
bon d ioxide  measurements in t h e  f l u e  gas and in t h e  sampled a i r  i n d i c a t e d  t h a t  t h e  
d i l u t i o n  f a c t o r  was from 50 t o  100. A i r  sampled from t h e  plume w a s  t aken  i n t o  a 
mixing chamber which was a 2 m long ,  20 cm diameter aluminum pipe .  S i x  samplers  
were loca ted  in t h e  f a r  end of t h e  p ipe .  Each sampler c o n s i s t e d  of  a s e c t i o n  o f  
5 cm diameter p ipe  which contained an impactor a t  i t s  upstream end and a f i l t e r  
ho lder  a t  i t s  downstream end. Bypass a i r  flow was maintained in t h e  p ipe  t o  provide  
i s o k i n e t i c  sampling condi t ions .  S i n g l e  s t a g e  impactors wi th  c u t  p o i n t s  a t  2 .5 ,  1 . 2 ,  
0 .6 ,  0.3, and 0.1 Um were used. One sampler which contained no impactor was used to 
sample t h e  t o t a l  a e r o s o l  concent ra t ion .  Samples were c o l l e c t e d  on 37 mm diameter 
quar tz  f i l t e r s  f o r  o r g a n i c  and e lementa l  carbon a n a l y s i s  by thermo-optical  carbon 
a n a l y s i s  (1,Z). Samples were a l s o  c o l l e c t e d  on Teflon f i l t e r s  f o r  a n a l y s i s  by 
x-ray f luorescence .  

of t h e  burning c o n d i t i o n s ,  f u e l  type ,  and s t o v e  type.  In o r d e r  t o  examine t h e  range  
of v a r i a t i o n  of wood smoke c h a r a c t e r i s t i c s ,  a s e r i e s  of  tests which bracke ted  t h e  
t y p i c a l  burn c o n d i t i o n s  in r e s i d e n t i a l  a p p l i c a t i o n s  was used. These c o n s i s t e d  of 
burning hot (with t h e  damper full open) and burning cool  (with t h e  damper c l o s e d ) .  
Tes t ing  was done w i t h  a convent iona l  box type  a i r - t i g h t  s t o v e  i n s t a l l e d  i n  a r e s i -  
dence. The f l u e  p i p e  w a s  20 cm i n  diameter and r o s e  v e r t i c a l l y  from t h e  top  of t h e  
s tove  f o r  a d i s t a n c e  of 3 .5  m.  Enough a i r  leaked i n t o  t h e  s t o v e  w i t h  t h e  damper 
c losed  t o  maintain combustion. This is a t y p i c a l  burn condi t ion  f o r  r e s i d e n t i a l  
hea t ing .  
( q u a r t e r  s e c t i o n s  out of a 25 cm diameter log)  t h a t  were about 0 .5  m long.  With 
t h i s  s i z e  f u e l  load (about one-quarter of t h e  s t o v e  c a p a c i t y )  a reasonably  i n t e n s e  
f i r e  could be maintained when t h e  damper was f u l l y  open. By opening o r  c l o s i n g  t h e  
damper, opera t ing  c o n d i t i o n s  could be changed from hot  o p e r a t i o n  to cool  o p e r a t i o n  
o r  v i c e  v e r s a .  A t e s t  was s t a r t e d  by adding t h e  f u e l  load  to a bed of c o a l s .  Sam- 
p l i n g  was s t a r t e d  10-15 minutes a f t e r  f u e l  a d d i t i o n  so a s  t o  be r e p r e s e n t a t i v e  of 
average continuous burning where wood is added p e r i o d i c a l l y  to mainta in  a c o n s t a n t  
hea t  ou tput .  
samples f o r  a n a l y s i s ,  u s u a l l y  10-20 minutes.  

In  a l l  cases  t h e  p a r t i c l e s  emi t ted  dur ing  hot  burn ing  were s i g n i f i c a n t l y  d i f -  
f e r e n t  from those  emitted d u r i n g  cool  burning. 
t h e  sampled a i r  w a s  from t h r e e  to s i x  t imes g r e a t e r  f o r  c o o l  burn plumes than i t  w a s  
f o r  h o t  burn plumes. However, t h e  hea t  ou tput  of t h e  s t o v e  was much l e s s  dur ing  a 
c o o l  burn than it w a s  f o r  a hot  burn. During h o t  burn ing  t h e  plume w a s  almost in- 
v i s i b l e .  The co lor  of  t h e  c o l l e c t e d  a e r o s o l  was b lack  and up to 60% of its carbon 
content  was in t h e  form of e lementa l  carbon. 

P a r t i c l e s  sampled in t h i s  manner should be more r e p r e s e n t a -  

Sampling was u s u a l l y  done about 1 . 5  m from t h e  s t a c k  on days when 

The composition and s i z e  d i s t r i b u t i o n  of wood smoke a e r o s o l s  a r e  a f u n c t i o n  

Fuel loads  were u s u a l l y  t h r e e  to f o u r  p i e c e s  of well-aged Douglas f i r  

The l e n g t h  of t h e  sampling per iod  was chosen t o  o b t a i n  a p p r o p r i a t e  

Q u a l i t a t i v e l y  t h e  mass loading  i n  

The a e r o s o l  mass was p r i m a r i l y  i n  
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p a r t i c l e s  below 0.6 J I ~  i n  diameter .  
t i o n s  d u r i n g  ho t  b u m  c o n d i t i o n s .  

t y p i c a l l y  a s s o c i a t e d  w i t h  r e s i d e n t i a l  wood burning. 
o s o l  ranged from l i g h t  yel low t o  dark t a n .  
d i s t r i b u t i o n s  as  a f u n c t i o n  of s i z e  f o r  coo l  burn tests. 

burns, a s  noted p rev ious ly ,  e lemental  carbon predominated, but i n  coo l  burn condi- 
t i o n s  most of t h e  carbon was organic .  S i z e  d i s t r i b u t i o n s  of o rgan ic ,  e l emen ta l ,  and 
t o t a l  ( i . e . ,  o rgan ic  p l u s  e lemental  carbon) a r e  given i n  Table 3 f o r  bo th  ho t  and 
cool  b u m  c o n d i t i o n s .  These r e s u l t s  i n d i c a t e  t h a t  t h e  mass d i s t r i b u t i o n  of carbon 
in  cool b u m s  i s  s h i f t e d  t o  l a r g e r  p a r t i c l e  s i z e s  r e l a t i v e  t o  t h e  hot  burn cases .  

broadly d i s t r i b u t e d  i n  t h e  f i n e  ae roso l  mode and t h a t  t h e i r  composition can va ry  
widely a s  a func t ion  of b u m  temperature .  
sols a r e  con t inu ing .  
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TABLE 1 

Percent  of a e r o s o l  mass i n  given s i z e  ranges for ho t  s t o v e  burns.  

Stove Temperature ("C) C0.3 pm 0.3-0.6 0.6-1.2 >1 .2  

650 39 41  20 0 

550 56 30 9 5 

550 40 1 8  2 1  2 1  

430 56 28 0 15  

TABLE 2 

Percent  of a e r o s o l  mass i n  given s i z e  r anges  for coo l  s t o v e  burns.  

Stove Temperature ("C) ~ 0 . 3  pm 0.3-0.6 0.6-1.2 > 1 . 2  

260 53 5 36 7 

230 46 7 15  32 

220 35 0 60 5 

200 36 2 32 30 

TABLE 3 

Percent  of organic ,  e l emen ta l ,  and t o t a l  carbon i n  given a e r o s o l  s i z e  ranges.  

S i z e  Range Organic Carbon Elemental Carbon T o t a l  Carbon 

HOT BURN 

< 0 . 3  pm 37 43 39 

0.3-1.2 39 49 42 

> 1 . 2  24 8 19 

~ 0 . 3  pm 18 22 19  

0.3-1.2 49 37 47 

>1.2 33 41 34 

COOL BURN 
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