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A b s t r a c t  

?!ore t h a n  60 a i r b o r n e  p lune  s t u d i e s  were conducted  a t  a l a r g e  o i l  f i r e d  

power s t a t i ' o n  d u r i n g  a  3-112 y e a r  p e r i o d .  ~ h e s e '  s t u d i e s  v e r e  conducted  ' to  

d e t e r m i n e  t h e ' t y p i c a l  r a t e  of f o r m a t i o n  of s u l f a t e  i n  t h e  plume and t h e  con- 

d i  t i o n s  which most i n f l u e n c e  t h e s e  a tmosphe r i c  p r o c e s s e s .  The power. p l a n t  

chosen  f o r  t h i s  program i s  l o c a t e d  . i n  t h e  n o r t h e a s t  r e g i o n  of t h e  U.S. and 

d u r i n g  t h e  c o u r s e  of t h e s e  s t u d i e s  a  t y p i c a l  v a r i e t y  of m e t e o r o l o g i c a l  con- 

d i t i o n s  were  encoun te red .  The d i u r r ? a l  v a r i a t i o n  was a l s o  e x t e n s i v e l y  

s t u d i e d .  

Plume s u l f a t e ' r a r e l y  accoun ted  f o r  more t h a n  5% of t h e  t o t a l  plume s u l -  

f u r ,  even f o r  plume t r a v e l  t imes  of up t o  4 h o u r s .  For  most expe r imen t s  more 

t h a n  h a l f  o f  t h e  p lune  s u l f a t e  was t h a t  . e m i t t e d  from t h e  power p l a n t  u n i t s .  
. . 

The r a t e  of a t m o s p h e r i c  oxida ' t ion  'of s u l f u r  d i o x i d e  t o  s u l f a t e  .was not 

r e a d i l y  d i s c e r n i b l e  due t o  t h e  low r a t e  of c o n v e r s i o n  and t h e  r e l a t i v e l y  

h i g h  amount of t h e  s u l f a t e  e m i t t e d .  The r e s u l t s  r e p o r t e d  i n  t h i s  paper  gen- 

e r a l l y  i n d i c a t e .  an a p p a r e n t  o x i d a t i o n  r a t e  of l e s s  t h a n  1% p e r . h o u r .  X 

d i u r n a l  i n f l u e n c e  o r  e f f e c t s  due t o  changes  i n  v a r i o u s  i n e t e o r o l o g i c a l  condi -  

t i , ons  a r e  d i f f i c u l t  t o  d e t e c t .  However t h e  l a r g e  d a t a  s e t  p e r m i t s  us t o  

c o n c l u d e  t h a t  e i t h e r  h i g h e r  t e m p e r a t u r e s ,  h i g h e r  p a r t i a l  p r e s s u r e s ,  o r  mid- 

day  p e r i o d s  c a n  g i v e  rise t o  o x i d a t i o n  r a t e s  two t o  t h r e e  t imes  h i g h e r  t h a n  

t h e  a v e r a g e .  



I n t r o d u c t i o n  

I 

Anthropo 'gen ic ' ac t iv i t i es  a r e  r e s p o n s i b l e  f o r  t he  d a i l y  r e l e a s e  i n t o  t h e  
1 

a tmosphere  of n e a r l y  one h a l f  m i l l i o n  t o n s  of s u l f u r  o x i d e s .  F o s s i l - f u e l  

combustion f o r  e l e c t r i c  power p r o d u c t i o n  i s  t h e  p r i n c i p a l  a c t i v i t y  producing  . 

t h e s e  e m i s s i o n s .  The. env i ronmen ta l  impact  of such  a tmosphe r i c  e m i s s i o n s  is 

not  w e l l  unde r s tood  and has  been of p u b l i c  conce rn  f o r  many y e a r s .  I n  

r e sponse  t o  t h i s  concern  s e v e r a l  l a r g e - s c a l e  f i e l d  s t u d i e s  have been con- 

duc ted  a t  . c o a l - f i r e d  power p l a n t s  t o  a i d  i n  t h e  u n d e r s t a n d i n g  'of  t h e  env i -  

ronmenta l  problems ( e . g .  F o r r e s t  e t  a l . ,  1 9 8 0 ) .  

O i l - f i r e d  power p l a n t s  r e l e a s e  n e a r l y  100,000 t o n s  of s u l f u r  o x i d e s  

i n t o  t h e  a tmosphere  each  day .  The chemica l  compos i t i on  of t h e  e m i s s i o n s  

from t h e s e  p l a n t s  a r e  markedly d i f f e r e n t  from t h o s e  of c o a l - f i r e d  p l a n t s ,  

and i f  he t e rogeneous  r e a c t i o n s  a r e  i n v o l v e d ,  t hen  conce fvab ly  t h e  atmo- 

s p h e r i c  b e h a v i o r  of s u l f u r  o x i d e s  cou ld  d i f f e r  a s  w e l l .  Although o i l - f i r e d  

power p l a n t s  a r e  predominant ly  l o c a t e d  i n  t h e  most h e a v i l y  popu la t ed  r e g i o n s  

of t h e  Uni ted  S t a t e s ,  o n l y  a few shor t - t e rm f i e l d  s t u d i e s  of t h e i r  plume 

c h e m i s t r y  have been conducted  ( F o r r e s t  and Newman, 1978; F o r r e s t  e t  a l . ,  

1979; Neman e t  a l . ,  1975) .  I n  l i g h t  of t h e  p a u c i t y  of r e l e v a n t  informa- 

t i o n ,  Brookhaven N a t i o n a l  L a b o r a t o r y  proposed a  comprehensive s t u d y  of t he  

e m i s s i o n s  from a l a r g e  o i l - f i r e d  power s t a t i o n  l o c a t e d  on Long I s l a n d ,  N e w  

York wi th  emphasis  upon i n v e s t i g a t i n g  s u l f u r  o x i d e  r e a c t i o n s .  T h i s  program 

was j o i n t l y  a c c e p t e d  and sponsored  by t h e  E l e c t r i c  Power Research  I n s t i t u t e  

(EPRI) ,  t h e  Empire S t a t e  s l e c t r i c  Energy Research  C o r p o r a t i o n  (ESEERCO) and 

t h e  Long I s l a n d  L i g h t i n g  Company (LILCO). The measurements  f o r  t h i s  program 

were s t a r t e d  i n  t h e  f a l l  of 1976 and comple ted  i n  e a r l y  Februa ry  1980.  



Exper imen ta l  

The Nor thpor t  Power S t a t i o n  of t h e  Long ' I s l a n d  L i g h t i n g  Company, i s  

l o c a t e d  on t h e  n o r t h  s h o r e  of Long I s l a n d  a l o n g  Long I s l a n d  sound .  A t  p r e s -  

e n t  power is & n e r a t e d  by f o u r  375 IYW t a n g e n t i a l l y  f i r e d  b o i l e r s ,  t h r e e  of 

which u s e  No. 6 grade r e s i d u a l  f u e l  o i l  o f  - 2.42 s u l f u r  and one u s e s  f u e l  

of < 0 . 5 % ' s u l f u r .  Each u n i t  is  equipped wi th  e l e c t r o s t a t i c  p r e c i p i t a ' t o r s  

h a v i n g . a  d e s i g n  c o l l e c t i o n  e f f - i c i e n c y  o f  982.  The f l u e  g a s e s  from e a c h  

b o i l e r  a r e  e m i t t e d  v i a  s e p a r a t e  183 m s t a c k s  

Although p l a n t  o p e r a t i n g  c o n d i t i o n s  v a r i e d  from day t o ,  day ,  i n  g e n e r a l  

a t  least  t,wo u n i t s  were o p e r a t i n g  a t  nea r  f u l l  l o a d  f o r  a l l  e x p e r i m e n t s .  

The p ' lan t  c o n d i t i d n s  a r e  .summari ied ' i n  T a b l e  1. During some of t h e  e a r l i e r  

e x p e r i m e n t s ,  Nos. 1-7 e m i s s i o n s  from Uni t  No. 2 were c o n t r o l l e d  by a  cyc lone  

s e p a r a t o r .  During expe r imen t  Nos. 9-36 Un i t  No. 2  o p e r a t e d  wi thou t  any par-  

t i c l e  removal d e v i c e .  

S a n p l i n g  

A Cessna 206 was i l t i l i z e d  f o r  expe r imen t s  1-23, and was equipped with a 

sampl ing  package c o n s i s t i n g  of an a i r  scoop,  a  f i l t e r  c a s s e t t s  assembly ,  a  

h i g h  volume. blower and a Sign-X SO2 c o n d u c t i v i t y  a n a l y z e r .  Subsequent  sam- 

p l e s  were t aken  wi th  t h e  BNL Atmospheric  s c i e n c e s  a i r c r a f t ,  a Britten-Norman 

I s l a n d e r ,  c r u i s i n g  a t  - 75 k n o t s .  The i n s t r u m e n t  package f o r  t h i s  p l ane  w a s  

p r e v i o u s l y  d e s c r i b e d  ( F o r r e s t  e t  a l . ,  i 9 8 0 ) .  Samples were c o l l e c t e d  wi th  a 

12 .5  cm diam. h i g h  volume assembly c o n s i s t i n g  of a  . q u a r t z  p r e f i l t e r  t o  co l -  

l e c t  p a r t i c u l a t e  m a t t e r  and two K2C03-impregnated c e l l u l o s e  f i l t e r s  t o  

a b s o r b  SO2 ( F o r r e s t  e t  a l . ,  1 9 7 9 ) .  



Plume t r a v e r s e s  were made a t  s e l ~ c t e d ' l o c a t i o n s ,  e .g . ,  0 . 5 ,  1, 5 and 20 

m i l 2 s  downwind o r  f u r t h e r  when p o s s i b l e .  ~ k l t i p l e  t r a v e r s e s  a c r o s s  t h e  , 

plume c e n t e r l i n e  t o  accumula te  s u f f i c i e n t  sample f o r  a n a l y s i s  r e q u i r e d  .2Q-40 

minu te s  f l i g h t  time a t  each  l o c a t i o n .  Background samples  upwind of t h e  

s t a c k  o r  a l o n g s i d e  t h e  plume were c o l l e = t e d  f o r  each  e x p e r i m e n t .  

Tempera ture  and r e l a t i v e  humid i ty  measurements were made a l o f t  f o r  e a c h  

f l i g h t  and ranged q u i t e  widely ,  from -go to '31°C and 20-95% r e s p e c t i v e l y .  

F l i g h t s  were conducted  d u r i n g  va ry ing  p e r i o d s  of t h e  day t o  e v a l u a t e  tempo- 
. . 

r a l  and ' i n s o l a t i o n  e f f e c t s  . A d d i t i o n a l  d a t a  c o l l e c t e d  f o r  e a c h  exper iment  

i n c l u d e d  wind speeds  o b t a i n e d  from p i l o t  b a l l o o n s ,  m e t e o r o l o g i c a l  summaries 

from t h e  N a t i o n a l  Xeather  S e r v i c e ,  ,and power p l a n t  o p e r a t i n g  c o n d i t i o n s .  

De ta i l ed ,  i n f o r m a t i o n ,  i s  a v a i l a b l e  (Garber  e t  .a1 ., 198.0). 

A n a l y s i s  

Potass ium c a r b o n a t e - i s p r e g n a t e d  f i l t e r s  were ana lyzed  f o r  c o l l e c t e d  SO2 

d u r i n g  expe r imen t s  1-48 by a ,  1 1 0 ~ ~  t e c h n i q u e  ( F o r r e s t  and Neman ,  1977); 

subsequen t  f i l t e r s  were ana lyzed  by i o n  chromatography (Smal l  e t  a 1  . , 

The lL0& procedure  was empioyed f o r  measur ing  p a r t i c u l a t e  s u l f a t e  on 

t h e  q u a r t z  f i l t e r s  from expe r imen t s  1-20. For expe r imen t s  21-47, t h e  s u l -  

f a t e  e x t r a c t e d  fr,om t h e . q u a r t z  f i l t e r s  was de te rmined  by an  automated  

methyl  thymol. b l u e  p rocedure  (Adamski and V i l l a r d ,  1975) . Subsequent  t o  

expe r imen t  4 7 ,  e x t r a c t e d  s u l f a t e  was ana lyzed  by i o n  chromatography.  

Ammonia was de te rmined  by an automated sodium phenoxide t e c h n i q u e  ( B o l l e t e r  

e t  a l . ,  1 9 6 1 ) .  P a r t i c u l a t e  samples were a l s o  p rocessed  f o r  t h e  de termina-  

t i o n  of t o t a l  t i t r a t a b l e  s t r o n g  a c i d  u s i n g  cou lomet r i ca l ly -genera ted  base  

(Tanner  e t  a1 ., 1 9 7 7 ) .  



Six ty - s ix  a i r b o r n e  plume s t u d i e s .  were a t  tenp t e a  for  this program, 

s ix ty- two of which y i e l d e d ,  p l m e  d a t a .  R a t i o s  of p a r t i c u l a t e  to t o t a l  sul -  

f u r  ( f r a c t i o n  of SO2 .ox id ized)  were p l o t t e d  a s  a  f u n c t i o n  of time from emis- 

s i o n  ( c a l c u l a t e d  from the  wind speeds  a n d ' t h e  d i s t a n c e  from the  s o u r c e ) .  

Background s u b t r a c t i o n s  f o r  SO2 and p a r t i c u l a t e  s u l f u r  were a p p l i e d  t o  a l l  

measurements. The d a t a  f o r  a l l  exper iments  a r e  p resen ted  i n  F i g .  1. 

A l o g a r i t h m i c  s c a l e  i s  employed f o r  t h e  a b s c i s s a  to"avoid overcrowding 

of the  p l o t  with d a t a  a t  the  low plume age reg ion  a t  which t ime most of the  

samples were t aken .  It can be seen t h a t  with few e x c e p t i o n s ,  v i r t u a l l y  a l l  

p o i n t s  l i e  w i t h i n  a  b r a c k e t ,  of f r a c t i o n  ox id ized  ranging between 0  and 

0 .04 .  s e v e r a l  v a l u e s  have n e g a t i v e  f r ' a c t i o n s  ,' a t t r i b u t a b l e  . t o '  normal ana- 

l y t i c a l  e r r o r  o r  a r i s i n g  from background c o r r e c t i o n s  v a r i a b l e  between the 

p o i n t  of measurement and the  downwind plume l o c a t i o n .  The d a t a ,  when p l o t -  

t e d  bn a  l i n e a r  s c a l e ,  produced an o x i d a t i o n  r a t e  f o r  SO2 of 0.5% p e r  hours 
, ( 

, ( F i g u r e  2 ) .  Shorn i n  t h i s  and subsequent f i g u r e s  is the  b e s t  f i t  l e a s t  

s q u a r e s  r e g r e s s i o n  l i n e  a long with the  95X conf idence  l i m i t s  presented a s  

dashed c u r v e s .  

The d a t a  were then s u b j e c t e d  to  a  d e t a i l e d  examinat ion by f i r s t  e s t ab-  

l i s h i n g  a s  a  r easonab le  c r i t e r i o n  f o r  the  accep tance  of a  measurement the  

requirement  t h a t  the  n e t  plume c o n c e n t r a t i o n s  of e i t h e r  s u l f a t e  or  s u l f u r  

d i o x i d e  be a t  l e a s t  equa l  t o  t h a t  of the  background c o r r e c t i o n . '  Those sam- 

p l e s  (30% of the  t o t a l )  which f a i l e d  t o  meet t h i s  p r e r e q u i s i t e  ( t h u s  by def-  

i n i t i o n  e l i m i n a t i n g  n e g a t i v e  v a l u e s )  were e l i m i n a t e d .  A 1 6  km, 45 min sam- 

p l e  of Exp. 57 ( p a r t i c u l a t e  S / t o t a l  S  = 0 . 2 9 ) ,  a l though  meeting the  above 

c r i t e r i o n ,  was d i s c a r d e d  because of the  s t r o n g  l i k e l i h o o d  t h a t  the  a i r c r a f t  



was not  i n  t h e  plume dLr ing  sampl ing ,  a s  ev idenced by an  SO2 c o n c e n t r a t i o n  

of b u t  1 4 . 3  ug/m3. Tab le  2 lis'ts t h e  m e t e o r o l o g i c a l  and plume . d a t a  f o r  t h e  

a c c e p t a b l e  r u n s .  A s c a t t e r g r a m  was . gene ra t ed  f o r  t h i s  s u b s e t  a s  d e s c r i b e d  

above and is  shown i n  Figure.  3 .  When t r a n s p o s e d  t o  a  l i n e a r  time s c a l e  

( F i g u r e  4 )  t h e  ' p l o t  y i e l d e d  a  ' l e a s t  s q u a r e  f i t  w i t h  a  c o r r e l a t i o n  c o e f f i -  

c i e n t  of  0 .31  (95% c o n f i d e n c e  l e v e l  = 0.16)  and g i v i n g  an o x i d a t i o n  r a t e  f o r  

SO2 o f  0.9% .per  hour.  

We e x p l o r e d  t h e  p o s s i b i l i t y  t h a t  two a p p a r e n t  o u t l y i n g  v a l u e s  f o r  SO2 

c o n v e r s i o n ,  Exp. 37 a t  32 km, 268 min and Exp. 4 3  a t  1 . 6  km, 5 .4  min,  each  

w i t h  a  p a r t i c u l a t e  S / t o t a l  S  o f  0 .15 ,  cou ld  t end  t o  markedly skew. t h e  s u b s e t  

s c a t  t e r g r a m  s ' lope.  A new s c a t t e r g r a m  was g e n e r a t e d ,  o m i t t i n g  t h e s e  two 

p o i n t s ,  which y i e l d e d  a l e a s t  s q u a r e s  f i t  w i t h  a  c o r r e l a t i o n  c o e f f i c i e n t  of  

0 .12  ( 9 5 2 '  c o n f i d e n c e  l e v e l  = 0 .16 )  but now g i v i n g  ,an o x i d a t i o n  r a t e  f o r  ,SO., 

of  o n l y  0.30% p e r  hour ( F i g u r e  5) .  

. . 
Plume s t u d i e s  conducted by BNL and o t h e r  r e s e a r c h e r s  have i m p l i c a t e d ,  ' 

i n .  some ' l o c a t i o n s ,  s e v e r a l  m e t e q r o l o g i & a l  pa rame te r s  such a s  t e m p e r a t u r e ,  

1120 p a r t i a l  p r e s s u r e  ,and i n s o l a t i o n  a s  be ing  a s s o c i a t e d  w i t h  t he  o x i d a t i o n '  , 

r a t e  of  a t m o s p h e r i c  SO?. W2 have a t t e m p t e d  t o  g a i n  f u r t h e r  i n s i g h t  i n t o  

t h e s e  r e l a t i o n s h i p s  ' f rom our  d a t a  by s u b d i v i d i n g  our  s u b s e t  i n t o  v a r i o u s  

c l a s s i f i c a t i o n s  d e r i v e d  from t h e s e  p a r a m e t e r s .  Two s e r i e s . o f  s c a t t e r g r a m s  

were g e n e r a t e d  w i t h  and wi thou t  t h e  two a p p a r e n t  o u t l y i n g  v a l u e s .  Shown i n  

t h e  f o l l o w i n g  f i g u r e s  i s  t h e  s u b s e t  w i thou t  t h e  o u t l y i n g  ~ r a l u e s .  Inc luded  

i n  t h e  a n a l y s i s  of t h e  f r a c t i o n  of SO2 c o n v e r t e d  i s  a  s u b d i v i s i o n  w i t h  

r e s p e c t  t o  wind speeds  o f  <8 and >8  m e t e r s  pe r  second ( F i g u r e s  h and 7 ) .  In 

examining t h e  d a t a  f o r  s e a s o n a l  e f f e c t s ,  f l i g h t s  were s e p a r a t e d  i n t o  3  

c a t e g o r i e s  which roughly  co r re spond  t o  w i n t e r ,  s p r i n g  and f a l l ,  and summer 



s e a s o n s  by examining the  r e l a t i o n s h i p  between SO2 o x i d a t i o n  and the  tempera- 

t u r e  i n t e r v a l s  of  <5O, 5-13O, and >13OC ( F i g u r e s  8 ,  9 and 1 0 ) .  The e f f e c t  

of r e l a t i v e  humidity ~ w s  explored by forming groups of <752 and >75% S.H. 

( F i g u r e s  11 and 12) .  A s  .a p o s s i b l e  more meaningful  i n d i c a t o r  of a tmospher ic  

mois tu re  concent ,  t h e  p a r t i a l  p r e s s u r e  of water  i n  the  atmosphere dur ing  

each run was c a l c u l a t e d  and two s u b s e t s  were formed, <5.4 and >5.4 mm (Fig-  

u r e s  1 3  and 1 4 ) .  S o l a r  r a d i a t i o n  a s . a n  i n d i c a t o r  of photochemis t ry ,  was 

examined from t h e  d a t a  which was d i v i d e d  i n t o , t h r e e  time regimes.  A l l  

n i g h t t i m e  experiments,  were p laced i n  Time Code 1 and combined wi th  Time Code 

2  which c o n s i s t e d  of d a y l i g h t  runs  ob ta ined  d u r i n g  t h e  e a r l y  morning and 

l a t e  a f t e r n o o n  or  evening (F igure  1 5 ) .  Examined s e p a r a t e l y  ( F i g u r e  16.) was 

Time Code 3  which con ta ined  those  run? made dur ing  the  hours of maximum 

a n t i c i p a t e d  i n s o l a t i o n ,  1 0  A . H .  t o  2  P.M. 

Discuss ion  of R e s u l t s  

I n  reviewing the  r e s u l t s  of a l l  exper iments  and F i g u r e  3 ,  we observe  

' t h a t  t h e  e x t e n t  of o x i d a t i o n  i s  q u i t e  low, l a r g e l y  conf tned t o  1-4% and 

r a r e l y  exceeding 5%. Mostiof the  o x i d a t i o n  occurs  dur ing the  e a r l y  h i s t o r y  

of t h e  plune wi th  very  l i t t l e  apparen t  convers ion  t ak ing  p l a c e  downwind. 

A s  a  means of summarizing our a t t e m p t s  t o  s t r a t i f y  t h e  d a t a  on the  

b a s i s  of m e t e o r o l o g i c a l  parameters ,  we show i n  Table 3  a  compi la t ion  

o b t a i n e d  from the  previous  f i g u r e s  'of t h e  "bes t  f i t "  SO?,' o x i d a t i o n  r a t e s  f o r  

each of the  v a r i o u s  meteoro log ica l  c a t e g o r i e s  t h a t  were i n v e s t i g a t e d .  Two 

groups a r e  l i s t e d :  Group I i n c l u d e s  a l l  samples of t h e . s u b s e t ,  whi le  Group 

I1 ( p l o t s  f o r  which a r e  sown i n  F i g u r e s  5  t o  16)  excludes  the  samples from 

Experiment 37 a t  268 minutes and Experiment 43 a t  5  minutes .  A s  can be seen 

from Table  3 ,  the  average c o n v e r s i o n . r a t e  f o r  a l l  samples was 0.9% per hour 



f o r  Group I' and 0.3% per  hour f o r  Group 11. The f a c t  t h a t  two , d a t a  p o i n t s  

. . could' s o  v a s t l y  a f f e c t  t.he s l o p e  of . ,the s c a t t e r g r a m  p l o t s  l ed  us t o  s t r o n g l y  

' suspec t  t h e i r .  v a l i d i t y .  Although no p l a u s i b l e  reason could be advanced For 

e x c l u s i o n  .of Exp. 43 a t  1.6 km, 5.4 min, some do'ubt d e f i n i t e l y  e x i s t s  con- 

cernin'g the  l o c a t i o n  of the  plume t r a v e r s e  f o r  Exp. 37 a t  32 km, 268 min. 

Noty i ths tand ing  a  background SO2 c o n c e n t r a t i o n  o f  - z e r o ,  the  plume SO2 con- 

c e n t r a t i o n  f o r  t h i s  l o c a t i o n  of but - 9  llg m-3 c r e a t e s  ' a  l a r g e  u n c e r t a i n t y  

as t o  whether t h e  a i r c r a f t  a c t u a l l y  sampled t h e  plume. I n  l i g h t  of t h e s e  
. . 

doubts ,  we place  g r e a t e r  conf idence i n  t h e  d a t a  s e t  which excludes  both 

t h e s e  p o i n t s ,  

' . The reader  should observe  (F igure  5 )  t h a t  most of the  d a t a  p o i n t s  f a l l  

o u t s i d e  t h e  95% conf idence  l i m i t s .  Consequently t h e  a b s o l u t e  va lue  of t h e  

. , r a t e  (0 .3% per hour)  i s  not we l l  e s t a b l i s h e d  but i t  ' can  be 'concluded t h a t  

t h e  o x i d a t i o n  r a t e . o n  average is c e r t a i n l y  lkss than  1% per hour.  This r a t e  

and t h e  o t h e r s ,  shown. in  Tab le  3 a r e  g e n e r a l l y  c o n s i s t e n t .  with those  observed 

a t  o , ther  l o c a t i o n s ,  namely 3.5-2% per hour.  The ~ o i t h p o r t  pow'er p l a n t  t y p i -  
. . 

c a l l y  emits  a  plune having an a e r o s o l  s u l f u r  to  t o t a l  s u l f u r  . r a t i o  of 0 . 5  ' t o  

2.5% ( D i e t z ,  1980).  This  ag rees  wi th  t h e  average v a l u e  - 1.8%, which i s  

ob ta ined  from the  ze ro  t ime i n t e r c e p t  of F igure  5 .  A t  t hese  l e v e l s  the  su l -  

f a t e  e m i t t e d  dur ing  combustion accounts  f o r  t h e  major p o r t i o n  of plume s u l -  

f a t e  observed dur ing  the  f i r s t  Few hours  a f t e r  emiss ion,  and tends  t o  over- 

whelm o u r  a b i l i t y  t o  d e t e c t  s p e c i f i c  t r ends  w i t h i n  t h a t  base .  Never the less , '  

examinat ion of Table  3 r e v e a l s  t h a t ,  under c e , r t a i n  c o n d i t i o n s ,  enhanced oxi-  

d a t i o n  seems t o  be t ak ing  p l a c e .  I n  Group 11, f o r  temperatures  g r e a t e r  than  

13OC, p a r t i a l  p r e s s u r e s  g r e a t e r  than 5.4 mm and p e r i o d s  of maximum i n s o l a -  

t i o n  (Time Code 3 ) ,  we observe t h a t  t h e  o x i d a t i o n  r a t e s  exceed t h a t  f o r  t h e  



average  of a l l  samples by f a c t o r s  of 2  t o  3. The c o r r e l a t i o n  c o e f f i c i e n t s  

f o r  the  s c a t t e r g r a m  p l o t s  i n  F i g u r e s  1 0 ,  14 and 16 from which these  r a t e s  

;Jere de r ived  were 0 .13 ,  O i l 6  and 0 .20 ;  95% conf idence  l e v e l s  f o r  these  s e t s  

a r e  0.24,  0.22 and 0 .20 r e s p e c t i v e l y .  Although t h e  r a t e s  de r ived  from ' t h e  

Group I s u b s e t  a r e  h igher  ( i n f l u e n c e d  .by t h e  two quest ioned p o i n t s )  we 

n e v e r t h e l e s s  observe a  s i m i l a r  t r e n d  i n  t h a t  t h e  r a t e s  f o r  each of t h e s e  

pa ramete r s  a r e  s i g n i f i c a n t l y  h igher  than  the  average value  of the  0.90% per  
. , 

hour f o r  a l l  samples i n  t h e  group.  

One should recognize  t h a t  not many, plumes were t r a c k a b l e  beyond two 

hours  d u r a t i o n ,  l a r g e l y  because of emphasis upon mid-day exper iments  when 

u n s t a b l e  c o n d i t i o n s  u s u a l l y  p r e v a i l .  ' Also,  t h e  p e c u l i a r  geography of Long 

~ s l a n d ,  a  narrow s t r i p  of iand surrounded on t h r e e  s i d e s  by l a r g e  water  

b o d i e s ,  d i d  not lend i t s e l f  t o  long d i s t a n c e  t r a c k i n g .  Consequent ly j  t h e  

s c a t t e r g r a m  s l o p e s  and o x i d a t i o n  r a t e s  de r ived  therefrom a r e  s t r o n g l y  i n f l u -  

enced by a  few p o i n t s .  I n  view of the  f a i r l y  l a r g e  spread f o r  the  95% con- 

f i d e n c e  limits of t h e s e  r a t e s ,  a  f i rm s ta tement  r e l a t i n g  s p e c i f i c  meteoro- 

l o g i c a l  9 a r a m e t e r s . w i t h  s u l f a t e  f o r n a t i o n  could not be a b s o l u t e l y  j u s t i -  

f i e d .  A t  b e s t ,  and on ly  because more than s i x t y  experiments were performed, 

can we c la im t h a t  the  d a t a  impl ies  some p o s i t i v e  r e l a t i o n s h i p ;  a  more de f in -  

i t i v e  c la im would be ext remely tenuous.  

The a c i d  and ammonium c o n t e n t s  of the  c o l l e c t e d  a e r o s o l  were a l s o  meas- 

u r e d .  The d a t a  showed a  marked s c a t t e r  b u t ,  i n  g e n e r a l ,  the  plume a e r o s o l  

was s l i g h t l y  a c i d .  However; a  number of samples i n d i c a t e d  an a e r o s o l  compo- 

s i t i o n  which was d i s t i n c t l y  a l k a l i n e .  The a e r o s o l  s u l f a t e  a l s o  had a  l a r g e r  

ammonium i o n  component, sugges t ing  p o s s i b l e  composi t ions  varying from ammo- 

nium s u l f a t e  [ (NH4)2S04] t o  ammonium a c i d  s u l f a t e  (NH411S04).   he average  



C o m p o s i t i o ~ ~  of the '  s u l f a t e  ae ro ' so l  a s  indic 'a ted  by t h e  ammonium to  s u l f a t e  

I r a t i o s  and t h e  a c i d  to' s u l f a t e  r a t i o s  aproached t h a t  of L e t o v a c i t e  

[(NHq)3H(S04)2]. Both the  a c i d i t y  and m o n i u n  'da ta  a r e  c u r r e n t l y  being, 

s u b j e c t e d  t o  a  nore  c r i t i c a l  examinat ion t o  e v a l u a t e  p o s s i b l e  t r e n d s  and 

r e l a t i o n s h i p s .  

Conclus ions  

The exper imenta l  d a t a  from the  a i r b o r n e  exper iments  y i e l d  the  fo l lowing  
. . 

i n f o r m a t i o n  about t h e  Northport  plume: 

1. Primary s u l f a t e  accounts  f o r  the major p o r t i o n  of plume s u l f a t e  

I d u r i n g  the f i r s t  few hours a f t e r  e n i s s i o n .  

2 .  With few excep t ions ,  v i r t u a l l y  a l l  measured r a t i o s ' o f  plume s u l f a t e  

t o  . t o t a l  s u l f u r  l i e  .within t h e  range of  0-5% f o r  plume ages  up t o  200, 

1 '  . : minutes .  

I 3 .  The o x i d a t i o n  r a t e  was e s s e n t i a l l y  unmeasurable but  . i s  c e r t a i n l y  

l e s s  than 1% ' per  hour. 
t 

' 4. The . d a t a  imply,  but  not v e r y  c o n c l u s i v e l y ,  a  p o s i t i v e  r e l a t i o n s h i p  

.between s u l f a t e  format ion wi th  t empera tu re ,  p a r t i a l  p r e s s u r e  and 

i n s o l a t i o n .  Firm conc lus ions  and the  reasons  t h e r e f o r e  a r e  not j u s t i f i e d .  

5 .  m e  s u l f a t e  a e r o s o l  of the  plume i s  g e n e r a l l y  a c i d i c  wi th  a  lugh 

ammonium i o n  c o n t e n t .  Compositions va ry ing  from ammonium a c i d  s u l f a t e  

through L e t o v a c i t e  t o  ammonium s u l f a t e  a r e  p o s s i b l e .  Some a e r o s o l  samples 

were d i s t i n c t l y  a l k a l i n e .  
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Table  1. . P l a n t  o p e r a t i n g  c o n d i t i o n s .  

Experiment ~ e n e r a t i n g  u n i t s  ? a r t i c l e  removal 
No. 

' .  
i n  s e r v i c e  sys  tern 

E l e c t r o s t a t i c .  p r e c i p i t a t o r s  
Cyclone 

E l e c t r o s t a t i c  p r e c i p i t a t o r s  
None 

E l e c t r o s t a t i c  p r e c i p i t a t o r s  

49-66 , . 1 , 2 , 3 , 4  . E l e c t r o s t a t i c  p r e c i p i t a t o r s  



Table  2. Meteoro log ica l  and plume d a t a .  I 

Loca t ion  Age Temp. Rel. Hum. P a r t .  Press. Time* SO2 ~ 0 ~ ~ -  P a r t i c .  S 
Exp . km min. OC ,0 nun Code pg f3 pg rn-3 T o t a l  S 



T a b l e  2. M e t e o r o l o g i c a l  and plume d a t a ,  c o n t .  

L o c a t i o n  Age Temp. Re l .  Hum. . P a r t . '  P r e s s .  Time* SO2 ~ 0 ~ ~ -  P a r t i c .  S 
Zxp . !a"  min. O C  % 01111 Code pg m-3 pg m-3 T o t a l  S 



Table 2. Pfeteorological and plume d a t a ,  cont .  . 

Location Age Temp. Rel. H u m .  ? a r t .  Press. Time* SO2 5 0 ~ ~ -  p a r t i c .  S 
Exp ; !un nin. OC % mm Code pg m -3 gg m-3 Tota l  S 



. . 
Table 2. Meteorological and plume data, cont. 

Location , Age Temp. Rel. Hum. Part. Press. Time* S02 ~ 0 1 ; ~ -  Partic. S 
Exp . 'a min. OC % mm Code . pg me3 pg rn-3 .Total S 

36 0 .4  0.7 10.0 60 5.5 3 1824 23.7 . 0.-009 
0 .8  1.3 881 5.12 0.004 



Table  2 .  ~ e t e o r o l o ~ i c a l  and plume d a t a ,  c o n t .  

Locatiori Age . Temp. Rel.  Hum. P a r t .  P r e s s .  Time* SO2 ~ 0 ~ ~ -  P a r t i c .  S  
n cxp . 'm min. OC X mm Code, vg m -3 gg m-3 T o t a l  S 

* Time codes:  1 - Nightt ime 
2 - D a y l i g h t ,  e a r l y  morning o r  l a t e  a f t e r n o o n  
3 - Midday, 10 a.m. t o  2 p.m. 



Table 3. SO2 Oxidation Rates,' % per Hour 

Parameter  group^(^) . Group II( b, 
-~ ~ 

Ail 'Samples 

Wind Speed <8 m sec-l, 

.Wind ' speed >8 m sec-I 

,Temp < 5OC 

5 ' <  Temp. OC (13 

T.emp. > 13OC 

Rel. Humidity < 75% 

Xel. Humidity > 752 

Partial press. c5.4 mm 

Partial Press >5.4 m' 2.3 

T Code .1 and 2 0.18 

T Code 3 1.9 0.78 

"Includes all samples in subset 

b ~ s  in (a), but excluding Exp. 37, 268 minutes and Exp. 43, 5 minutes. 
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TEMP GT 5 AND LE 13 
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