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I ABSTRACT : 

~ 'I'11c very h i g h  i;iiorls o f  o z o ~ l c  nlctlsrlrcd i n  C o n n e c t i c u t  

a n d  e l  sc\\lhcl.c a l c l i g  t h e  No l - thvns t  and  bli J At1 a n t i c  C o a s t  wcrc i n -  

v e s t i g a t e d  t l ~ r o u g h  a i s a l y s i s  o f  r l a t a  from t l ~ c  c n t i r e  1576  ozorie 

sc;lson from n i l i c t c c n  n o l - t l ~ c ; ~ ~  t e r n  ~ 1 n d  l a i d w c s t c r n  s t a t e s ,  N a t i o n a l  

lVcat11er S e r v i c e  111c tco l .o log j .ca1  J n t a ,  ant1 a i r  p a r c e l  t r a j e c t o r i e s .  

For s e v e r a l  11j gh  ozol lc  c p i  s o d e s  , the  r e l a  t j o l ~ s l l i p  bctwc.cn t h e  inovc- ! 

lncllt o f  a n d  c i r c u 1 : c t  ion  w i t h i n  u 11igh prcss111-c s y s l c m  a c r o s s  t h e  

I t j . 0 1 1 ~  r\r;ls cJ.cnl-llr  dc.inorlst~*cltcd.  .2i r i~:trcc.l  t r a j c c t : v r y  a n a l y s i s  

c o i ~ j ) ]  c d  \ \ l i t 1 1  s o l i r c c  Jc ' i l s  i ~ y  i l l  t'ol-mat io11 was i i t . i l j  zccl f o r  s c v c r a l  

~ ~ c l l  d e f i n e d  cpisoc1c.s i n  1976  t o  5 1 1 0 ~  o z o n e  m e a s u r e d  a t  v t l r i o t l s  l o -  

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

and p a r t i a l l y  t r a n s p b r t e d  f rom substantial d i s t a n c e s .  

KEY WORDS o z o n e ,  p h o t o c h e m i c a l  o x i d a n t ,  & r a n s p o r t ,  t r a j e c t o r y  

FOR PRESENTATION AT THE ASTM SYMPOSIUM ON A I R  QUALITY AND 
ATMOSPHERIC OZONE, !3OULLIER, COLO., AUGUST 1-6, 1977. 

1. ~ o n n e c t i c u t  D e p a r t m e n t  of E n v i r o n r i ~ e n t a l  P r o t e c t i o n ,  H a r t f o r d ,  
Conn.  

2 .  I n t e r s t a t e  S a n i t a t i o n  Commiss ion ,  N.Y., N.Y. 
3 .  B r o o k h a v e n  N a t i o n a l  L a b o r a t o r y ,  U p t o n ,  N.Y. 

*Research c a r r i e d  ou t  i n  p a r t  under t h e  ausp i ce s  of t h e  United S t a t e s  Department 
of Energy under Contract  No.' EY-76-C-02-0016.' I 

NOTICE 
This mpon was prepared as an account of work 
sponsored by the United States Govcmmcnt. Neither the 
United States nor the United States Department of 
Enerw, nor any of their employees, nor any of their 
conlraclors, subcontractors, or lheb employees, maker 
any warranty, exprtu or implied, or assumes any legal 
liability or responsibility for the accuracy, compleenern 
or uofulnerr of any information, apparatus, product or 
process discload, or r cpmsnu  that its u s  would not 
infringe privr!qly Ownod nipltb. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



1N'I'ROI)UC'T I ON -- - 
13cginning :il,out 1 9 7 3 ,  C o n ~ l c c t  i c -u t  : l n J  ot.11cr s t  a t c s  i n  t . hc  n o r t h -  

e a s t  bcgan  t o  r e c o g n i  z c  what  wc 1.c t.'lic:n j l i exp l  i c a t ~ l e  p h o t o c h e m i c a l  

o x i d a n t  l , l i c ~ ~ o e i c n a .  t t l ja t  h o d  a t  t .hc t i~rlc o f  d c v c l o p n ~ c n t  .of s t a t e  

p l a n s  f o r  t h e  i n l p l e l n e n t a t i o n  of '  t h c  (:l.c;ln A i  I. Ac t  b e c n  t h o u g h t  t o  

bc  a r e l a t i v e l y  111ino1- pro.l,lcin soon  t o  I)c s o l v c d  by tllc F c d c r a l  

b lotor  V c h j c l c  . I ~ m i s s i o n  C o n t r o l  l ' ~ . o ~ l . ; ~ r n '  \v:~s d i s c o v c l - c d  t o  b e  a 

s c v c l - e  r c g . i . o l ~ a l  probl .cm i n  many 1 ) l n c e s  i n  t l ~ c  n o r t h e a s t e r n  q u a d -  

r a n t  of  t h e  co1 .1n t ry .  

S i n c e  1 9 7 3 ,  rn:iny r - c s ~ a r c h c l - s  Il;lve i11vcsl : ig : l tcd  p l ~ o t o c l ~ c n i i c a l  oXi- 

d a n t  l e v c l s  i n  t h e  n o r t l ~ c a s t  a n d  11;lve d o c u ~ n c i l t c d  a i r  m a s s  r e l a t i o n -  

s ,  h i g h  r i l l - a l  c o l l s c l l t r : i t i o ~ l s  i n  many iv idcsp re i l d  a l - c a s  ," * '  
' . a n d  urbiiil  p l  uines . 6 * 7 ' 8  . Because i f  13cca1ne c l e a r  t h a t  t h e  p h o t o c h c m -  

i c a l  o x i d a n t  p r o b l e m  a l o n g  t h e  e a s t  c o a s t  was much more  t h a n  c o u l d  

b c  d e a l t  w i t h  t h r o u g h  i n d i v i d u a l  n i e t r o p o l i t a n  t r a n s p o r t a t i o n  p l a n s ,  
t 

? 

t h e  "bloodus Ozone  C o n f e r e n c e "  a t t e n d c d  by a i r  p o l l u t i o n  o f f i c i a l s  
. . 

f rom 1 9  s t a t e s  i n  t h e  n o r t h e a s t  q u a d r a n t  o f  t!le U.S. was h e l d  i n  

' September, 1 9 7 5 .  J n e  o u t c o m e  o f  t h i s  c o n f c r e n ; e  was a n  a g r e e m e n t  

t o  s e t  up a t a s k  f o r c e  t o  c o m p i l e  :lnd s h n r e  1376  o z o n e  d a t a  i n  a n  

e f f o r t  t o  b e t  te l -  ~ l n d e r s t a n d  t h e  o r i g i n s  o f  t lic mca .surcd  o z o n e  c o n -  

c e n t r a t i o n s  t l l r n ~ i g h o u t  t h e  r e g i o n .  

E a r l i e r  p a p e r s  h a v e  d e s c r i b e d  t h e  t a s k  f o r c e  t e c h n i q u e s  a n d  d i s -  

c u s s e d .  t h r e e  specjfic e p i s o d e s  - o n e  i n  A p r i l ,  1 3 7 b 9  a n d  t w o  i n  

August.; 1976 .  T h c  p r r rpose  o f  t h i s  p a p e r  i s  t o  r e v i e w  t h e  b a s e  

~ ~ R T I O B S  OF THIS REPORT A3E II.KELDIZ It 
been reprodused tmm the best asaiis:le 

S O ~ Y  to permit the broadest possible avaib 
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o f  t l : ~ t a  ; ~ c c l ~ l i ~ - c c l  l ) c t \ ~ c c l l  A p r i l  ; I I I ~ )  Soj) tc-r~~l)ct . ,  i!)70, c l c ~ ~ ~ c ~ ~ i s t r ~ i t c  
ry 

t11c T C J I C ~  i t  i vcb ]lilt l lrc 01- t l io .trol.t llc;~:;t c l ~ l ; r t l  l . ;~rlt  ozolic c p i  s h d c s ,  

a n d  t o  show h o \ ~  t l ic  p;lt h o f  s~llllmcrt i l ~ l c .  a n t  jcycloli  i c  sys tc lns ,  a i r  

p a i - c e l  t . ' r : i j ~ c t . o r i ~ s ,  :111d I ~ C ~ S \ I ~ C ~  g ro \ l l~d  I C V C I  o z o n e  concen t  r a t  i ons  

t o g e t h e r  l Iesc:~. ibc  t  lie b u i l d - u p  o f  ozonc c o l ~ c c l l l . ~ . a t  joris j n  an a i r  

mass  a n d  Scad t.o a c o h c s i v c  cxj)lall:t t ion o f  t l l c  ve ry  h igh  conccn-  

t r a t i o ~ l s  obse rvcd  i n  t h c  n o r t h c a s t c r n  ; jor t  ion o f  t h e  c o u n t r y .  

~11:-ri{oI)i~l,u(;~ -.---- 

The n i n c t c c n  c o r l f c r c l ~ c c  at.: endccs  ;ij:rcctl t o  s11;irc 1 9 7 6  ozone d a t a  

. . a n d  p31.t i c i p n t c  :I.II n n  instx.i!~ncllt c : ~ l i l ~ ~ . : ~ t . i o n  c l ~ c c k .  IVhilc rllaliy 

o f  t h e  p a r t i c i . p a n t s  o l ~ e l - a t e  c~stcn. . ; ivc  rictworks o f  ozone i n s t r i l -  

ments ,  r-1 t o t a l  . o f  2711 y 8 1  s ;~ i ; l i~ l  i n g  Joc:i~t i ons  wcrc clloscn f o r  a 

t~ l l i fo rn l  g e o g ~ - ; ~ p l ~ i c n l  d  i st-?- ihtit j on :11itl t!lc d c j ) i c  t i 1 . 1 ~  o f  t l lc i.cc,iorl- 
I 

, n l  n a t u r e  o f  t h c  o z o ~ i c  conc:cnti-;rtiolis ~ l l i l c  ;~voicl jr lg l o c a l  i ~ i f e r -  

f e ~ . c r i c c s .  For c x a n ~ j ) l c ,  o f  t r tcJvc czc:~lc. n ~ o ~ l i t o r . i n l :  s i t e s  i n  

: . C o n n e c t i c u t ,  t h e  f o u r  most  rclnoved from c i t y  c e n t e r s  were s e l e c t e d .  

',q11 o f  t h e  i ~ l s ' t r u ~ n c n t s  used where clien~i 1u1nizc:;ccnt o r  u l  t r a v i o l z t  
? 

i ' t y p e .  ]'KO ozone i : a l i l ) r a t i on  u n i t s  were v e r i f i e d  a t  t h e  Nat io: la l  
i ~ Bureau o f  S t a l ~ d a r d s  i l l  t h e  s p r i n g  and a g a i n  n e a r  t h e  e n d  o f  t h e  
I 

. . 

srucly p e r i o d .  'I'hraugh s e v e r a l  Rcgionnl O f  f j c e s  o'f IJI'A., t h e  v e r i  - 

f i e d  c a l i b r a t i o n  wc-ls t r a ~ i s f c r r c d  t o  each o f  t l lc  p a r t i c i p a t i n g  s t a t e  

I : ~ g c r l c i e s  t o  c n s u r c  c o ~ ~ s i s t c n c y  01' t h c  d ; ~ t a .  ' ' 

I E:lch p a r t  i c j  j ~ c j n t  111-ovi dctf t l ic  ' ~ I I ; I X  j Inirsi, I Iu~r r ly  ozorlc coriccnt r a t  i on  

f o r  e v e r y  d a y  a t  a l l  s e l e c t e d  s i t e s .  For e a c h  o f  t h e  183  d a y s  i n  

t h e  s t u d y . p e r i o d  ( A p r i l  1 - September 3 0 ,  197 ( j ) ,  a map o f  ozone 

i s o p l e t h s  was p rcpr i rcd ,  o v c r  \\lhich r ~ c l - c  s u j ~ c r  i111poscd i s o b a r s  and 
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j ' r o n t  l o c a t  i o n s .  ' I ' l ~csc  rll;il)s I'o~*lncll t h l !  ~ ~ ~ - i ~ i i : r ~ . y  t o o l  o f  t l l c  s t ~ l d y ,  
v 

f o r  t l ~ c y  c  l ctlrl y slio\~c:cl t l ~ c  r c l  ;I  t i or lsl~ i 1) l>ct \~r*c:r~ ;I i r a~;iss l oca  - 

t i o n  a n d  ozonc  c o n c e n t  r a t  i o n .  I 'cl . iods o f  t  j111e whicll t h e  maps i n -  

d i c i ~ t c d  wcrc  o f  p : r r t i c l . ~ l ; i r  i l l t c r c s t  w c r c  s t u d i e d  in d c t a i l  u s i n g  

a i r  p a r c e l  I r a j e c t o r i c s .  

R!iSULTS A N D  D l  SCUSSlON --- -- 

O z o i ~ c  I ) i s t r i . l ) ~ ~ t i o ~ l  .j.n ;I l l igll  1'1.esst11-c Systcrn - -  ----- ---- 
I l c s e i i r c h e r s  llave sllu\g11 t h a t  O Z O I ~ C  co l lccr i t  r a t  i o n s  i n c r e a s e  w i t h i n  

a s u ~ n m e r t  ilne. a n t i c y c l  o n c  a s  t h e  :;ystein travel s thro i rgh  t h e  N o r t h -  

t 
c a s t e r n  Quad]-ant  o f  tllc U . S .  5 9 9 , 1 0  N;l t i.01131 \\'c;r t l i c r  S c r v i c e  s u r -  

f a c e  maps show t h a r  1)ctrvccn A 1 1 1 - i l  1 i111d S c p t e m b c r  3 0 ,  1 9 7 6 ,  sorrle 

t l ~ l e n t y -  Pour  i n d j . v i , l ~ ~ a l  a n t  i c y c l  on i c  syst.c,lns I-1-rivorsccl tljc s t u d y  

. .  rr 1-ca. Wi 111 on1.y a cscc:j>t i o n s ,  t h e  ozorlc  i s o p l . c t l l s  il.id i c a , t c  a 

b u i l d - u p  o f  ozonc  w.it1lin e a c h  sys t c rn  a s  i t  f i r s t  c r o s s e d  t h e  u r -  

b a n - i n d u s t r i a l  a r e a s  o f  t h e  mi . J~ \ rcs t  arid a  c o n t i n u e d  s p r e a d i n g  a n d  

a  f u r t . h e r  a c c u m u l a t i o n  o f  o z o n e  a s  t h e  s y s t e i n  c i r c u l a t e d  and  t r a -  

v e l e d  e a s t w a r d .  
? 

. Typ i c a  1 IIp i so l ie  , 
- 

A 1  t h o u g h  most c u i s o d e s  f o l l o w e d  t h i s  p a t t e r n ,  d e t a i l e d  a n a l y s i s  o f  

' t h e  .-many o c c u r r e n c e s  o f  e . l e i ! a t ed  o z o n e  i n d i c a t e s  each e p i s o d e  was 

sornewl~at  u n i q u e .  I lowcvcr ,  i t  i. s p o s s i  h l e  t o  d e s c r  i b e  some g e n e r -  

a l  c h a r a c t e r i s t i c s  collllnon t o  most  e p i s o d e s  a n d  t o  d e v e l o p  a d e -  

s c r i p t i o n  o f  a  " t y p i c a l "  e p i s o d e  w h i c h  o c c u r r e d  be tween  A p r i l  1 a n d  

S e p t e m b e r  3 0 ,  1976 .  

1. The time i n t e r v a l  f rom t h c  a i r  rr~tlss's c n t r y  i n t o  w e s t e r n  

p o r t j o n s  o f  t h e  a r e a  t o  d e p a r t u r e  o v e r  t h e  A t l a n t i c  

v a r i e d  f rom 4 t o  1 5  d a y s  b u t  a v e r a g e d  7.. 

- 3 -  



2 .  'I'llc mos t  f r ~ ~ q ~ ~ c ~ l t  j1a1 11 0-1' t!ic systt3ll l  ( : e l l t e r  w:is  sout11-  

. c;ls twarcl FI.~>III  (::III;IJ;I i l l t o  Miri l icsot;r ,  on i n t o  I 1  1 i n o i s -  

n i i -  0 0 ,  t l i c n  c ; l s t . \ t ; ~ ~ d  i l l t o  I 'cr l l i~yl  \r;ln i a  o r  

M n r y l ; ~ n d / V i  r k i n  i a  and  co l l t  i n u i n g  o u t  i n t o  t l l c  At1.31ltic 

o f f  N o r t h  Gal-olina. 

3 .  Ozoric ~ - o l l c c ~ i t  rat: iorl:; ~ J I  1 . 1 1 ~  :I i r  Inass c l ~ t e r i n g  t h e  U.  S.  

from t';~n;~c:a avc~ .ny , cd  30 -  50  ppb .  

4 .  A s  t h e  h i g l ~  j > ~ . c s s u ~ - c  sy:;tcla Lcga11 t o  ~ ~ ~ S ~ U C I I C C  t h e  s t u d y  

a r c n  , t h c  3 1 - c a s  w l ~ i c h  S i  r s t  I)c,g;ln c x p c r i  cllc.i.rig o z o n e  . 

1  eve l s a b o v c  8 0  ppb w c r c  i ~ l ~ r r ~ c d j  a t c l y  do\b-n!,;i~~d o f  u r l ? ; ~ n  

a n d  i n c l t i s t . r i a 1  a.rcr . ls .  

5 .  A s  t h e  l \ i g I ~  l~ lovcd  s a s t w : ~ ~ ~ - t l ,  t l ~ c  a l . c a s  ol: lli.gll o z o n c  i n -  

/. t e n s i . f i c c 1 ,  esp : lndcd  ;~r ld  C V C I ~ ~ U L L ~  1y I I ICI -gcd .  A f t e r  s e v e r a l  

d a y s  irl tlic U . S . ,  nlost. o f  t h e  a r c a s  under t h e  i n f l u e n c e  

o f  t h e  l i i g h  1 ~ 1 - c s s u r c  s y s t c m  c s l ~ c ~ . i c n c c d  l c v c l s  i n  c x c c s s  

o f  SO p p b .  

6 .  On s u b s c q u e n t  d a y s  a]-(:as o f  e l e v a t e d  o z o n e  ~ n c r g e d ,  h u t  

' 'urban p l u m c s "  o f  more e l e v a t e d  o z o n e  rcll injncd d e t e c t a b l e  

- downwind o f  l i i idwest  a n d  n o r t h e a s t e r n  u r b a n  c e n t e r s .  

7 .  F a i r l y  u n i f o r m  c l c v a t c d  o z v ~ l c  c o n c c ~ l t r a t j o l l s  o v e r  b r o a d  

a r e a s  wcrc n o t c d  by t h e  t i m e  t h e  e a s t  c o a s t  was o n  t h e  

b a c ' k s i d e  o f  t h e  h i g h .  

8 .  T h e  h i g l ~ e s t  c o n c c n t l - a t  i o n s  wcx-c f o u n d  dowrlwind o f  u r b a n  

a r e a s  : in  t h e  N o r t h e a s t  a t  t imes  when t h e  a i r  f l o w  d i r e c -  

t i o n  was s u c h  t h a t  u r b a n  p l u m c s  were  s u p e r i m p o s e d  on s u b -  
' 

s ' t a n t i a l l y  e l e v a t e d  a i r  m a s s - b o r n e  o z o n e  c o n c e n t r a t i o n s  

on t h e  b a c k s i d e  o f  t h e  h i g h .  ' p r e s s u r e  s y s t e m .  



i _ I '  9.  A c o l d  f r o n t  ra ; l rk i . t l  1 . 1 1 ~ .  critl o f  t lic c - l ~ i  so ( lc  :111cl ~ ) ~ . o v i  dcd 

a ncw, c l c ; ~ r i c r  a i r  rrl;lss a s  iLL ~I . ; IVCICCI  frorn west t o  c a s t .  

l: igul-c 1 s l ~ o w s  3 n  e ~ ; l ~ i l l ) l c  o f  a n  c ] ) i s o l l c  h c g i n l ~ i n g  011 J u l y  1 7  and  

e n d i n g  ,011 J u l y  2 1 ,  ~ i i  f o l  l ows  t h i s  t y p i c a l  dc : ; c r ip t  i o n  f a i r l y  

w e l l .  ' I ' a l~le  1  1.ist.t; c : I \ ;~ rac : t c r i s t  j c s  o f  o ; i c l ~  o f  t l ~ c  t w c l r t y - f o u r  

c l ) i s o d c s .  

' I ' r a j c c t o r i c s  and  O Z O I I C  I l a l f - I , i f c  - ----- ----- - 
1Jllil c  t h e  maps o f  ozorie is0111 c t l ~ s  c l c ; ~ l - 1  y t lc~norls t l . ; i tc  t h e  c h a n g e  

i l l  p o s i  t i o n  w i t h  t i m e  o f  t h e  ' i ~ i g l i c s t  ozorIe  c o l i c c r i t r c l t i o n s ,  t h e y  d o  

n o t ,  by t l i c ~ n s c l \ l c s ,  p r o v . i d e  d c f - j l i i  t j vc : l l iswurs t o  two q ~ l e s t i o n s  : 

" 1 .  I s  tllc O ~ . O ; I C ,  p-rct 'Llrsors,  0.1- S I J I I ~ C  C01111)inat. i o n ,  t r a n s  - 

m e t c o r o l  o g i  c a  1 ~ : ~ . ~ r ! t l  i  tic!^^': cu1i011ci v c  t o  l o c a l  g c n c r a t i o n ?  

3 . Js t l i e  ozo~ic;. p r i ~ n j , ~ - j  J y  a n t l i ~ . o ~ ) o ! ; c n i c  i n  o r i g i n ,  o r  

fo rmed  From n a t u r a l l y  -clni t t e J  p r e c u r s o r s ?  

i hleasu i -ements  o f  o z o n e  I i f e -  t i.rncs i l l  tllc t r o p o s p l ~ e r c  o f  s u f f i c i e n t  . 

l e n g t h  t o  5 1 1 0 ~  l o n g - r a n g e  t r a n s p o r t  h e l p  a n s w e r  t h e  f i r s t  q u e s -  

t i o n .  ~ a l c u l a t i o n s  l o  b a s e d  on S t a s i u k  a n d  C o f f e y ' s  d a t a 2  a n d  Re- 
. . 

s e a r c h  T r i a n g l e  Institute's r e c e n t  w o r k 1  ' h a v e  shown o z o n e  ha1  f- 

1 i Ce r iLvvc t h e  n o c t : ~ ~ : n a l  i n v e r s i o n  1  a y e r  (rind away f rom s o u r c e s  o f  

o x i d e s  o f  n i t r o g e n )  o f  1 6  t o .  34 I l o u r s .  ' \Vol f f  e t  a l l 0  r e p o r t e d  a n  

a v e r a g e  o f  2 9 . 1  houl . s  b a s e d  on i i  s e r i e s  o f  a e r i a l  m e a s u r e m e n t s .  

H a l f - l i v e s  o f  t h i s  m a g n i t u d e  c l e a r l y  s u p p o r t  t h e  j ' o s s i b i l i t y  o f  

1 o n g - r a n g e  t r a n s p o r t .  

l ' r a j e c t o r i e s ,  showing  t h e  p a t h  o f  a i r  p a r c e l s  wllich a r r i v e d  c o i n -  

c i d e n t a l l y  w i t h  e l e v a t e d  o z o n e  Ineasu rcn i en t s  11e lp  a n s w e r  b o t h  o f  



t h e  q t t c s t  i o ~ i s .  A i r ~ ) : ~ r c c . l  1. t . ; l j c c ~ l - o r i c s  f o r  t l i c  C I I ~  i 1-c sulnlilcr werc  

r e .  r'l'he I: c c l ~ ~ l  i cli.lc i i s -  I I i n  I:(! I.~:I,c:c 1 3 .  1 ri g l l r c  2 

r,hows b a c k  t r - ; ~ j e c r o ~ - i c s  f o r  7 / 2 0 ,  \ ~ l i j  J e  i s c j ) l e t l ~  I I I : I ~ I S  f o r  t h c  J u l y  

1 7 - 2 1  c p i s o t l e  a r e  sliown i n  1: igt l l .c~ l a - d .  1 s o p l e t . h  maps and  t r a -  

j e c t o r i e s  f o r  t h e  c l l i s o d c  o f  ,Jtinc 2 - 1  1. a r c  s l~own  i t ~  Figt11-cs 3 and  
,, . 

4 .  T r a j c c t o l - i e s  t c l . r n i n ; ~ t c  ;it 1 3 0 0  'IiS'T, f o r  C h i c a g o ;  Y o u ~ ~ g s t o w n ,  

8 .  b1.i z l i i ga r l .  I l l c .  11~1111l)cl.s i n ~ l  i i ; i t c :  t l i c  1 ) l . c ~  iot is  pas i.t. ion o f  t h e  a i r  

J u l y  17 .  - .71112 2 1  - ----- 

'l'he r:nt j c y c  l o n e  w!i icli d c f i : i e s  r l l c  c l ) i s o t l c  o f  . J ~ l y  1.7 - 2  1 f i r s t  c n -  

t d r s  t h e  s t u d y  l-1-0111 t i ~ c  \tc:;t. ~ ; i ~ . l y  011 .J i11y 1 7 .  I J ~ l d e r  t l ; c  i n -  

f l t i e n c c  o f  t.lle l i i  g11 ~ ~ r c s s u r e  system, t h e  maximum o z o n e  c o n s c n t r a -  . 

t j o n s  a t  s i t e s  n c a r  l ~ i g l l  e m i s s i o n  d e ~ i s i t y  a r e a s  i n  O h i o  a n d  I n d i -  

a n a  s l i g h t l y  exceccl  S O  p l ~ b  on t h e  s c v c n t e e n t h .  

By J u l y  18 t h e  h i g h  i s  c e n t e r e d  i n  s o t l ~ h e r n  I l l i n o i s  w i t h  a l l  0.f 

t h e  n o r t h e a s t  q u a d r a n t  o f  t h e  U. 5 . - u r ~ d e r  i t s  i n f l u e n c e .  S t r o n g  

s o i l r c e  a r e a s  a r c  s t i l l  d i s c e l - n i b l e  b y  t h e i r  e l  e v a f e d  o z o n e  c o n c e n -  

t r a t i o n s ,  b u t  t h e  ; ~ I . ~ L I  el ic1ol;cd 13)' t h e  H O  ppb i s o p 1 e t . h  i n  F i g a r e  

l b  i s  g r o w i i ~ g .  On J u l y  1 9  t l ~ c  c e n t e r  o f  t h e  s y s t e m  i s  o v e r  West 

V i r g i n i a ,  w i t ] ;  s l ow ,  c l o c k w i s c  z i  r c u l a t  i o n  and  c o n d i t i o n s  c o n d u -  

c i v e  t o  o x i d a n t  f o r m a t  i o n .  M o n i t o r s  t h r o u g h o u t  t h e  c e n t r a l  p o r -  

t i o n  o f  t h c  s t u d y  a r e a  r e p o r t  l e v c l s  a b o v e  80  p p b .  I n  F i g u r e  l c ,  

t h e  i n f l u ' c n c e  o f  l o c a l  c n i i s s i o ~ ~ s  c a n  1)c s e e n  i n  tlie 1'60 ppb  a r e a  

i n  O h i o .  1:igu.l-cs I d  a n d  l e  sllow t h e  o z o n e  i s o p l c t h s  arld t r a j c c -  

t o r i c s ,  r e s p c c t i v e l ' y ,  f o r  J u l y  20 .  Tlic  t r a j e c t o r i e s  i n d i c a t e  . a i r  
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... j ~ ; ~  rcc . ]  f 1 o\\l gcblli. ].:I 1 I ). f J .OIII  t hc. \\.(!st - S O I I  I II\:'('s t. . 'I I I C  0.1 00 11 N C \ J  

',. y,,r}: t  r . ; ~ j e c t  u l -y  ' j r l t l  i c . ; ~ t c s  t 11;it. t l i c ~  ;I i I' w11 ic11 w ; r s  over Ollio c o n -  

t ; ~ i ~ i i n g  VCI-). 11jgti o z o ~ i c  L - O I I C C - I ~ ~  r i ~ t  ~ O I I S  011 .JllI.y I 9  11:ls ~ -e ;~c : l~ed  Ncw 

York C i t y  a11d s ~ l l - i . o t l ~ ~ ~ l i ~ ~ g s  e a r l y  o n  J u l y  2 0 .  A s  c a n  

bc sccn  i n  I:i g u r e  I d ,  New l ' o r k ,  N e w  J c r - s c y ,  and  t l ~ c  t h r e e  s o ~ l t l ~ c t - n  

N C \ J  E n g l a n d  s t a t e s  cxl ,ericncc.d v c r y  Iligli ozorie I c v c l s  o n  J u l y  20. 

?'he c a u s e  o f  t l ~ c s c  cxt .1-c~nel y Iii !;I1 c o l ~ c c ~ i t  r a t  i o n s  ( l ~ o ~ i r l y  aver : igcs  

a r c a s  j s s u l ~ c r - p o s j  ; io11 of' trrI>;ili 1 1 1  tinlcs .o11 ;I I i .c;lJy c l  (:va t .cd ;I j r -  

m a s s - w i d c  o z o n e  l c v e l s .  Dar : in j :  ;I very s ilni 1;rr c l , i so t l c  i n  At lg~ . l s t ,  

Yoi-k a r e a  fl-oln t h e  bl idwcst  \\.ci.c sllowri t o  a v e r a g e  b e t \ . ~ c c l ~  1 0 0  and  

l'ilc s o l d  f ~ . i > n t  l o c 3 t c J  i n  t 4 i 1 ~ n c s o t a  o n  J u l y  2 0  marks  t h e  " b a c k - e n d "  

o f  r h c  e p i s o d e ,  a ~ i l  i t  :;weeps rr . lp i t l ly  a c r o s s  t l i c  a r e a  on  J u l y  2 1  

p u s , h i n g  t h e  p o l l u t e d  a i r  e o r n p l c t e l y  o u t  o f  t h e  a r e a  b y .  J u l y  2 2 .  . 

- 
T h i s  e p i s o d e  i s  a t y p i c a l  i n  i t s  b a t h  a n d  s p e e d  o f  t h c  s y s t e m ' s  t r a -  
v e l .  N o n e t ' l l e l e s s ,  i t '  p r o v i d e s  a n  excellent o p p o r t u n i t y  f o r  i n s i g h t  

i n t o  t h e  p r o c e s s  c f  o z o n e  f o r n l i ~ t i o ~ l  a11J t r a n s p o r t  i n  t h c  s tuc ly  

3 r c a .  ' A p p a r e n t l y  b c c a u s e  o f  i t s  s l o w ,  111cander ing  t r i rve2 ,  tile a i r  

111uss .accl~iSi-ed s u c h  q u a n t i t i e s  o f  ozor ie  t h a t  some o f  t h e  y e a r ' s  

h i g h e s t  c o n c e n t r a t  i o n s  w e r e  r c c o r d c d  u n J c r  i t s  i n f l t l c n c e .  

The e p i s o d e  b e g i n s  o n  J u n e  2 w i t h  a n  a n t i c y c l o n e  c e n t . e r e d  n e a r  

H u d s o n ' s  Bay. The  b r o a d  c i r c u l a t i o n  a r o u n d  t h i s  h i g h  p r c s s u r e  
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s y s t c m  a f f e c t s  most 01'  1 . 1 1 ~  s t  1 ic l ) r  ;i 'l.cn. O Z O I I C  C O I I L - C ~ I ~ ~  I.:I t io t l s  a r c  

l o w  a t .  a l l  ~ I I I ~ I  s t  I I  I - I - I  i i l J i c ; i t c  l'low ~ 1 1 t ~ r -  

i n g  t h e  a r e a  f rom (:i1n;iJ3. On Jrille 3 ; I I I L I  4 t l i c  c c r l t c r  o f  t h c  . s y s -  . I  I 
I 

t cm  moves s l o w l y  s o u t h w a r d  w i t h  t ~ . ; ~ j c c t o r j e s  i n d i c a t i n g  a i r  p a r -  1 

c c l  movcri~ent gcncr;i : l  1 y  c a s t  - t o - w e s t  t l l l 'ough t h c  c c n t e r  o f  t l ~ c  r e -  I i 
' I 

f rom c a s t c r n  ur1)an ;11*c;is and  o t l l c r  h i g h  s o l i r c c  d e n s i t y  a r e a s  west-  

1 ~ 3 r d  i l 1 d i c ; i t i i l g  ;I c i t s e  o f  t ~ - n n s p o r t  o f  o z o n e  from t.hc c a s t  c o z ~ s t  

i n t o  t l l c  ~ n i d \ ~ e s t .  W c s t e r l y  f l o w  con t ir111cs on J u n c  5 xnd 6 \ii t .h 

l , n ~ - c c l  t l . a j t l c t o r i c s  j l ~ t j c a t c  ;I J ~ - a r i l i ~ t j c :  ch;irlgc i n  f l o w  ; IS  lilost o f  I 

I. t h e  r e g i o n  becomes  a f f e c t e d  by  r e t u r n  f l o w  a r o u n d  tlie sys-tem f rom 
. - 

I . ' a  g e n e r a l l y  w c s t c r l y  d i r e c t i o n .  As t h e  ninps o f  F i g u r e  3 i n d i c a t e ,  I 
1 

a 1  t h o u g h  t h e  w i n d . d i r c c t i o n  i n  t h e  c e n t e r  o f  t h e  r e g i o n  h a s  1 

c h a n g e d  b y .  1 8 0 ° ,  t h e  same a i r  mass. ,  w h i c h  ha.s a c q u i r e d  s u b s t a n t i a l  i i 
i 
1 

. q u a n t i t i e s ' o f  p o l l u t a n t s  j n  t h e  p r e v i o ~ ~ s  s i x  d a y s ,  c o n t i n u e s  , t o  I 
1 

, a f . f e c t  t h e  a r e a .  On t h e  n i n t h  a n d  t e n t h , .  t h e  c e n t e r  o f  t h e .  s y s t e m  
. . 

p r o g r e s s e s  i n  a 11lorc t . y p i c a 1  f ; i s h i o n  t o w a r d  t h e  V i r g i n i a - N o r t h  

C a r o l i n a  a r e a .  1.n t h i s  p o s i t i o n ,  tlic d i r e c t i o n  o f  c i l - c u l a t i o n ' a s  

i n d i c a t e d  by  t h e  t r a j e c t o r i e s  i n  F i g u r e  4 i s  s u c h  t h a t  t11e h i g h  

p o l l u t a n t  l e v c l s  t h ~ . o u g h o u t  t h c  a i r  rnttss a r c  a d d e d  t o  plunics f rom 

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

e n c e  e x t r e m e l y  h i g h  l e v e l s  o f  o z o n e .  The liigll p r e s s u r e  s y s t e m  

e v e n t u a l l y  p r o g r e s s e s  e . a s t w a r d  c a 1 - r y i n g  t l l c  p o l l  i ~ t c d  a i r  o u t  o v e r  

t h e  A t l a n t i c .  
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1);iss over n ~ - c ; l s  of' I l i  gli cm i s s  i o ~ i  (1c11s i t y  ;111d t l c r ~ ~ o n s t r t l t c  t r ; l l ~ s p o r t  

o v c r  l o n g  d i s t a n c e s  i l l  3 p ; ~ t t c ~ * ~ l  c ~ ~ l ~ i ~ t i l ~ ~ t  w i t h  t l l c  o b s e r v c d  and  

I Z J  O I I I -  I .  I 'Si l l~i  I ; I I .  r c s l l l  t s  f a r  A l ) r  i I 1 1 - 1 9  arc  

I - c p o r t c d  i n  Uc fc l -o l lce  9 .  1 

(:Ol\ICLUS 1 O N S  

'I'he d a t a  show ;in a i l -  I I I ~ S S  t y l ) i c ;11  1y  C ; ~ I - I . ~ C S  3 0 - 5 0  p1)1.1 W I I C I I  i t  c n -  

t c r s  t h e  s t l l ~ l y  a1.c;t I'roln C;lniitltl. ' I ' r ; i j c * c t o r y  a j i 3 1 y s j  s S ~ I O W S  t:li;lt 

c:!ili s s  i o n  n l-c:ls 2 n d  s l , r -c ;~d i  llg o f -  t ltc I i I o:oilc 3 l - c ; , ~  t o  :1 p o j  l , t  

i 
\,lhcre a  g e n e l - a l l y  ~ l n i  fol-111 : l i ~ - - r ~ r > s s - \ < i J c .  c l c v a t 1 : d  o z o n e  c o n c e n t r a -  

t i o n  c a n  b c  ~ n c . a s u r ~ ~ d .  T h e  C O ~ C ' C I I ~  I - ; I ~  ~ O J I  i s  appc i r en t  l y  a f u r ~ c t  i on  

o f  t h e  f o r w a r d  specsd,  s i z e  and  p a t h  o f  t h e  a i r  Inass ,  together- w i t h  

1 ,  t h e  t ime o f  y e a r  a n d  o t h e r  p ; ~ r a ~ ~ ~ e t c r s  . a f f e c t i n g  o x i d a n t  f o r m a t i o n  

I . . r a t e .  A d e s c r i p t j c n  o f  the  s e q u e n c e  o f  ~ n c t c o l - o l o g i c a l  e v e n t s  l e a d -  

I - 
j11g u p  t o  t h c  v e r y  h i g h  o z o n e  conccll t l-a.f  i o n s  i r e q u e n t  I  y o b s e r v e d  

i n  a n d  do\<n\\r ind o f  r h c  m e t r o p o l  i t ; l n  a r e i i s  o n  t h e  c a s t  c o a s t  h a s  

h c e n  d e v e l o p e d .  I s o p l e t h  maps o f  ~ I - O I ~ I ~ C ~  1  c v c l  o z o n e  c o n c c n t l - r i t i o n s  

J e p i  c t  tJlc s u l ~ c r l ~ o s i t  i o n  o f  ul -bi i~l  1)1111iics upon u i  r - m a s s - b o r n e  o z o n e  

t ~ - a l l s p o r t e d  d i s t a n c e s .  A1131ysis o f  t w e n t y - f o u r  e p i s o d e s  . in  

1 9 7 6  i n d i c a t e s  t h e  r c p c a t e t l  o c c u r r c l l c e  o f  t h i s  pllenomenon i n  a r e a s  
.'. 

u ~ l c l e r  t h e  i n f l u e n c e  o f  t h e  1 ) a c k s i d c  o f  a  h i g h  p r e s s u r e  s y s t e m .  

Thc  e x i s t a n c e  o f  d i s c c r n i b l c  pltlnlcs c o r l f i r ~ a s  t l l c  i l n p o r t n n c e  o f  

s l l o r t - r a n g c  c o n t r i b u t i o n  t o  t h e  o x i d a n t  111-ohleni, b u t  i t  i s  t h e  r e -  
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g j  o n a l l y -  t r :~ri : :portcd p o r t  i o n  o f  tllc inclrsurcd ozonc ullj.cll g c n d r n l -  
. . - : 

l y  c a u s e s  t h e  most scvc l -c  ( : o n c c n t l . i i t i o n s ,  D a t a  f o r  J u l y  17-21', and 
. .  ' .  

s c v c ~ - a 1  o t h e r  e p i s o d e s  a l l o w  ,a rough  a s s e s s m e n t  o f  t h c  r e l a t i v e  

c o n t r i b u t i o ~ ~ s  from d i s t a n t  v e r s l l r  , , o r6  rl,q'arbr s o u r c e s  - f if , t i  per: . 
.. ' . . . . .  . . . : 

c e n t  o r  n o r e  o f  t h e  measured  pzonc  a p ~ ~ a r e n + l y  i s  a d v e c t c d  in'to:the.  
' , .  . - 

I ' : .< . ! : 

Now Y o r k - P h i l n d e l p l l i a  a r ea  on rr~ost  d a y s .  .. 
. . ' j . . :  . a .  

. . 
' a  . . . . .  . . .  .... 
.. . f ' .  - . . . .  

While  i t  h a s  been  n o t e d  t h a t  each  e p i s & o ' i . s  u n i q u e ,  t h e  fbpel i ' ; . : ' . ' .  . .  
: . ' .  . . - .. ' : , .  . . . ,\ ., . . 

t i v e  a s p e c t s  o f  the .  t w e n t y -  t o u r  c l ~ i s o d e s  i n ,  1 9 7 6  nl-c s t r f  king.::'. I t  
. . , . .  , . 

. . . . . . . . .. _ .  would a p p e a r  t h a t  a c a t a l o g u i n g  o f  c h p r a c t e r i s t i c s  o f  e p i s o d e s  . 
, .. . . .  . . .  _. : " 

would a 1 . 1 0 ~  i :non lcdgea l~ l . e  fg recas !c r s  t o  f o l l o w  e n  a i r  mass' from 
. . . .  . . .  . . . t. ' 
, , . . .  1.C _ .  I. . 

L . .  ,',. . . . . .  
i t s  i n c e p t i o n  a n d  p r e d i c t  t h e  sevurity o f  . . t h e  c p i s o d e .  . . I,. , .+., 

.... . .  . . . . . . . . . . . . . .  . , .. , . .  $ .  . . . . . .  . . 
. . . . : :  

. . . *  .. . .. . . . . . . . .  . .  ..... ... .C ..,- ! ..a:; 1: 7 : .'>. .. , ...... . . .  
: 

. :.. . ., ~ . t - i . i ' .  . . 
. . . 1 .. 

. . . .  .. , . . . 
. . . .  . ,  . . . ,, i .. ' ;  

. . .  ' .  : 
. . ' . ,  . . . .  . . . . I  

. $ '  , 
. . '  

. . .  . . . . . . _ .  . . . ' . . , ( .  . (  . 
.. " , .I 

. . 
. , :. . ' ' :;. r ' . . .  I: * . :, - .  . .'.....') ':,._ . . .  . . . . . 6 ,  . .  . . 

. . :. '. . . . .  .: : . . . .  . . I . . .  
..! +,-, ,:. . . .  . . 

. . !. - 3 '  :. . . . . . .  . ,;,? ..;' , . '  . . . . .  . , 
. . 

. ..... . . . . . . - . .  .: ,? ' - . . . 
. 
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