
!"#$%&'%(%)*&+%,-&',.%&/01203,$&
Eric	
  Thuma,	
  Stoney	
  Creek	
  High	
  School	
  –	
  Rochester	
  Michigan	
  

NASA	
  Mentor:	
  M.	
  Pippin,	
  NASA	
  LaRC	
  

4#5-)6&!"#$%&75)6&89:8&

;$<-#=51>#$& !"#$%&75)6&89:8&
	
  

75)6&:?@89:8&&!"#$%&A(%$<&
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Stoney Creek High School 

120

100

80

60

40

20

0

O
3

 (
P

P
B

) 

7/1/2012 7/6/2012 7/11/2012 7/16/2012 7/21/2012 7/26/2012 7/31/2012
 UTC

 'Holland O3 PPB'
 'Chicago O3 PPB'
 'Milwuakee O3 PPB'

80

60

40

20

0

N
O

2 
(P

PB
)

7/1/2012 7/6/2012 7/11/2012 7/16/2012 7/21/2012 7/26/2012 7/31/2012
UTC

 'Chicago NO2 PPB'
 MILWAUKEE_NO2_PPB

4#5-)6&+!8&75)6&89:8&

BCD+!E'AFGA/A+HI&
	
  

AFBI&J,1.K,-=&H-,L%1<#-6&&
&75)6&:?@89:8&

!/;&H-#M#*M2%-01&C#)5N$&+!8&&
75)6&:?@&89:8&&

80

60

40

20

0

N
O

2
 (

P
P

B
)

12:00 AM
7/14/2012

12:00 PM 12:00 AM
7/15/2012

12:00 PM 12:00 AM
7/16/2012

12:00 PM 12:00 AM
7/17/2012

12:00 PM 12:00 AM
7/18/2012

UTC

 'Chicago NO2 PPB'
 MILWAUKEE_NO2_PPB

120

100

80

60

40

20

0

O
3

 (
P

P
B

)

12:00 AM
7/14/2012

12:00 PM 12:00 AM
7/15/2012

12:00 PM 12:00 AM
7/16/2012

12:00 PM 12:00 AM
7/17/2012

12:00 PM 12:00 AM
7/18/2012

UTC

 'Chicago O3 PPB'
 'Milwuakee O3 PPB'
 'Holland O3 PPB'

4#5-)6&+!8&75)6&:?&89:8&

4#5-)6&&!"#$%&75)6&:?@&89:8&

&&&&&&&&&&&&&&&&&&&&&&75)6&88@&89:8&&!"#$%&A(%$<&
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

!/;&H-#M#*M2%-01&C#)5N$&+!8&&
75)6&89:8&&

AFBI&J,1.K,-=&H-,L%1<#-6&&
&75)6&88@89:8&

80

60

40

20

0

N
O

2 
(P

P
B

)

12:00 AM
7/20/2012

12:00 PM 12:00 AM
7/21/2012

12:00 PM 12:00 AM
7/22/2012

12:00 PM 12:00 AM
7/23/2012

12:00 PM 12:00 AM
7/24/2012

UTC

 'Chicago NO2 PPB'
 MILWAUKEE_NO2_PPB

4#5-)6&+!8&75)6&88&89:8&

120

100

80

60

40

20

0

O
3 

(P
P

B
)

12:00 AM
7/20/2012

12:00 PM 12:00 AM
7/21/2012

12:00 PM 12:00 AM
7/22/2012

12:00 PM 12:00 AM
7/23/2012

12:00 PM 12:00 AM
7/24/2012

UTC

 'Chicago O3 PPB'
 'Milwuakee O3 PPB'
 'Holland O3 PPB'

4#5-)6&&!"#$%&75)6&88@&89:8&

!/;&H-#M#*M2%-01&C#)5N$&+!8&&
75)6&88@&89:8&&

	
  	
  	
  	
  	
  	
  Ozone	
  (O3	
  )is	
  a	
  secondary	
  pollutant	
  formed	
  through	
  a	
  series	
  of	
  
photochemical	
  reacIons	
  involving	
  oxides	
  of	
  nitrogen	
  (NOx)	
  and	
  
volaIle	
  organic	
  compounds	
  (VOCs).	
  Major	
  sources	
  of	
  VOCs	
  
include	
  automobile	
  emissions;	
  gasoline	
  and	
  oil	
  transfer;	
  
incompletely	
  burned	
  coal	
  or	
  wood;	
  and	
  industrial	
  use	
  of	
  paint	
  
solvents,	
  degreasing	
  agents,	
  	
  and	
  cleaning	
  fluids1.	
  	
  Sources	
  of	
  NOx	
  
include	
  fuel	
  combusIon	
  in	
  automobiles	
  and	
  power	
  plants;	
  and	
  
processes	
  used	
  in	
  chemical	
  plants1.	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  	
  	
  	
  In	
  a	
  study	
  by	
  Lennartson,	
  it	
  was	
  supported	
  that	
  the	
  high	
  ozone	
  
levels	
  are	
  due	
  to	
  the	
  transport	
  of	
  ozone	
  from	
  industrial	
  centers	
  
located	
  across	
  Lake	
  Michigan,	
  in	
  parIcular,	
  Milwaukee	
  and	
  
Chicago2.	
  	
  There	
  is	
  also	
  some	
  evidence	
  that	
  Lake	
  Michigan	
  would	
  
provide	
  an	
  excellent	
  corridor	
  for	
  the	
  producIon	
  of	
  ozone3.	
  	
  
	
  	
  	
  	
  	
  This	
  study	
  compared	
  ozone	
  levels	
  in	
  Holland,	
  Michigan	
  to	
  those	
  
in	
  Chicago	
  and	
  Milwaukee	
  for	
  the	
  summer	
  of	
  2012.	
  	
  The	
  summer	
  
of	
  2012	
  was	
  of	
  interest	
  	
  showing	
  a	
  number	
  of	
  days	
  with	
  elevated	
  
levels	
  of	
  	
  ozone.	
  	
  Holland	
  Michigan	
  was	
  chosen	
  due	
  to	
  its	
  
proximity	
  to	
  the	
  other	
  two	
  ciIes.	
  For	
  dates	
  of	
  parIcular	
  interest	
  
NO2	
  levels	
  are	
  invesIgated.	
  	
  Back	
  trajectories	
  of	
  air	
  masses	
  show	
  
transport	
  of	
  NO2	
  and	
  ozone.	
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Shown	
  leX	
  are	
  the	
  graphs	
  of	
  the	
  hourly	
  ozone	
  	
  levels	
  for	
  July	
  2012	
  in	
  
Holland,	
  Chicago	
  and	
  Milwaukee.	
  	
  NO2	
  levels	
  are	
  provided	
  for	
  Chicago	
  and	
  
Milwaukee	
  but	
  no	
  NO2	
  	
  ground	
  staIon	
  	
  data	
  was	
  	
  available	
  in	
  Holland.	
  	
  
However,	
  OMI	
  satellite	
  data	
  was	
  available	
  and	
  is	
  shown	
  below.	
  
Note	
  that	
  the	
  ozone	
  levels	
  in	
  the	
  three	
  ciIes	
  show	
  very	
  similar	
  diurnal	
  
acIvity.	
  	
  Holland	
  can	
  have	
  ozone	
  levels	
  	
  up	
  to	
  50ppb,	
  even	
  higher	
  than	
  the	
  
two	
  industrial	
  centers.	
  	
  Note	
  that	
  both	
  industrial	
  centers	
  show	
  NO2	
  available	
  
for	
  ozone	
  producIon.	
  The	
  OMI	
  satellite	
  data	
  shows	
  the	
  concentraIons	
  of	
  
NO2	
  over	
  the	
  Great	
  Lakes.	
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  Shown	
  to	
  the	
  leX	
  are	
  the	
  ozone,	
  NO2,	
  and	
  trajectory	
  	
  
data	
  for	
  two	
  Holland,	
  MI	
  ozone	
  events	
  that	
  occurred	
  in	
  
July	
  of	
  2012.	
  
	
  	
  	
  	
  NoIce	
  that	
  in	
  both	
  cases,	
  the	
  ozone	
  levels	
  in	
  western	
  
MI	
  (Holland)	
  at	
  Imes	
  exceed	
  those	
  in	
  both	
  Chicago	
  	
  
and	
  Milwaukee.	
  	
  It	
  is	
  interesIng	
  to	
  note	
  that	
  the	
  ozone	
  
peaks	
  in	
  all	
  three	
  ciIes	
  seem	
  to	
  occur	
  nearly	
  
simultaneously,	
  which	
  would	
  seem	
  unlikely	
  if	
  the	
  
elevated	
  ozone	
  in	
  Holland	
  was	
  due	
  enIrely	
  to	
  
transport	
  over	
  	
  Lake	
  Michigan.	
  	
  	
  The	
  transportaIon	
  
process	
  would	
  take	
  Ime	
  as	
  the	
  air	
  mass	
  driXed	
  over	
  
the	
  lake,	
  causing	
  the	
  Michigan	
  peaks	
  to	
  be	
  delayed	
  
from	
  the	
  Chicago	
  peaks.	
  	
  However,	
  	
  there	
  is	
  almost	
  
certainly	
  some	
  transport	
  of	
  ozone	
  into	
  Michigan	
  from	
  
these	
  two	
  ciIes	
  as	
  indicated	
  by	
  the	
  EDAS	
  trajectory	
  
data.	
  	
  
	
  	
  	
  	
  The	
  Imescale	
  for	
  the	
  ozone	
  profile	
  in	
  Holland	
  to	
  
begin	
  to	
  elevate	
  aXer	
  the	
  peak	
  NO2	
  is	
  reached	
  in	
  
Chicago	
  and	
  Milwaukee	
  is	
  consistent	
  with	
  	
  the	
  travel	
  
Ime	
  of	
  the	
  air	
  mass	
  over	
  the	
  lake.	
  This	
  would	
  be	
  
consistent	
  with	
  the	
  occurrence	
  of	
  ozone	
  chemistry	
  
over	
  the	
  lake.	
  Such	
  speculaIon	
  would	
  benefit	
  from	
  
staIsIcal	
  analysis	
  as	
  well	
  as	
  atmospheric	
  sampling	
  over	
  
the	
  lake	
  or	
  minimally,	
  	
  NO2	
  data	
  in	
  western	
  Michigan.	
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  Western	
  Michigan	
  suffers	
  an	
  ongoing	
  problem	
  with	
  elevated	
  	
  
ozone	
  levels	
  despite	
  a	
  relaIve	
  lack	
  of	
  likely	
  anthropogenic	
  	
  sources.	
  
Unless	
  some	
  other	
  source	
  is	
  idenIfied,	
  ozone	
  data	
  does	
  seem	
  to	
  
support	
  an	
  influence	
  	
  from	
  major	
  industrial	
  centers	
  outside	
  of	
  the	
  state	
  
of	
  Michigan.	
  It	
  is	
  likely	
  that	
  transport	
  takes	
  place	
  across	
  the	
  lake	
  of	
  both	
  
ozone	
  and	
  its	
  precursors.	
  This	
  leaves	
  open	
  the	
  possibility	
  that	
  nitrogen	
  
oxides	
  and	
  volaIle	
  organics	
  are	
  undergoing	
  	
  photochemical	
  
transformaIon	
  into	
  ozone	
  while	
  moving	
  over	
  the	
  lake.	
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  Abnormally	
  high	
  concentraIons	
  of	
  O3	
  have	
  
been	
  observed	
  in	
  rural	
  locaIons	
  on	
  the	
  
shores	
  of	
  western	
  Michigan	
  at	
  a	
  distance	
  of	
  	
  
hundreds	
  of	
  kilometers	
  from	
  major	
  
anthropogenic	
  sources.	
  In	
  fact,	
  western	
  
Michigan	
  is	
  largely	
  devoid	
  of	
  major	
  industry	
  
and	
  major	
  populaIon	
  centers	
  and	
  yet	
  	
  has	
  
experienced	
  high	
  summer	
  ozone	
  levels	
  for	
  
more	
  than	
  a	
  decade.	
  

 


