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!" #$%& !'(! )*+, ! -. !"

"#$%&'('!)*!+,-!./0!%-1-%'!2-$'34-5!$+!+,-!64(-!.+7!2)#(+)4(#8!'(+-!534(#8!
+,-!09::!;43('-!.,(<!'-$')#!=3<!+)!/>+)?-4!@+,A!

!
!
Key Points 
 

! B,-!C(#5!5(4->+()#!('!2$(#%&!*4)2!+,-!D.D!=0@EAF!.D!=0:EA!$#5!D!=:GEA7!
! B,-!'(#8%-!./0!2)#(+)4(#8!'(+-!('!$+!H$#(-%'!6%->+4)#(>'!%)>$+-5!$+!IJ!64(-!.+7!!B,('!'(+-!('!
(#!+,-!.D!C(#5!'->+)47!

! B,-!4->)45-5!./0!%-1-%'!*)4!?)+,!+,-!$1-4$8-'!$#5!+,-!2$K(2$!$4-!2$#&!+(2-'!,(8,-4!
C,-#!',(<'!$4-!(#!<)4+7!

! B,-!4->)45-5!./0!%-1-%'!54)<!)**!',$4<%&!C,-#!+,-!C(#5!('!#)+!*4)2!+,-!.D7!!
! B,-!C(#5!5(4->+()#!)*+-#!*%3>+3$+-'!'(8#(*(>$#+%&!534(#8!$!)#-!,)34!<-4()57!/#%&!*)4!JLE!)*!
+,-!+(2-!+,$+!+,-!:M,)34!C(#5!5(4->+()#!C$'!*4)2!+,-!.D!C-4-!$%%!'(K!:9M2(#3+-!$1-4$8-'!
$%')!*4)2!+,-!.D7!

! B,-!4->)45-5!./0!%-1-%'!(#>4-$'-!$+!,(8,-4!C(#5!'<--5'7!B,-!,(8,-'+!./0!
2-$'34-2-#+'!C-4-!4->)45-5!$+!64(-!.+7!*)4!C(#5!'<--5'! :@!N#)+'7!

! B,-!C(#5!C$'!)#%&!+)+$%%&!=(7-7F!$%%!'(K!2-$'34-2-#+'A!*4)2!+,-!.D! :@!N#)+'!*)4!:O!)*!
+,-!P0L!,)34'!+,$+!',(<'!C-4-!(#!<)4+7!B,-'-!C-4-!+,-!C(#5!>)#5(+()#'!C,-#!+,-!,(8,-'+!
:M,)34!$1-4$8-!./0!2-$'34-2-#+!)*!GP7L!<<?!C$'!4->)45-57!

! D,-#!+,-!C(#5!5(4->+()#!C$'!*4)2!+,-!.D!=C(+,!$+!%-$'+!I!)*!+,-!:9!2(#3+-!
2-$'34-2-#+'!$%')!*4)2!+,-!.DA!$#5!+,-!'<--5!C$'! !:9!N#)+'!+,-!./0!%-1-%!-K>--5-5!
J@!<<?!*)4!:GE!)*!+,-!+(2-!+,$+!',(<'!C-4-!(#!<)4+7!

! "55(+()#$%!2)#(+)4(#8!'+$+()#'!$4-!4-Q3(4-5!+)!5-+-42(#-!+,-!*3%%!-K+-#+!)*!+,-!./0!%-1-%'!
-K<-4(-#>-5!?&!+,-!R$2-'!S$&F!T##-4!U$4?)34!$#5!+,-!.)#8,--'!>)223#(+(-'7!!

!
How representative are the Erie St. SO2 measurements? 

B,-!2-$'34-2-#+'!$4-F!)*!>)34'-F!+)+$%%&!4-<4-'-#+$+(1-!)*!+,-!>)#5(+()#'!$+!+,-!64(-!.+7!
%)>$+()#7!!!
!
U)C-1-4F!*)4!+,('!$#$%&'('!V4-<4-'-#+$+(1-W!('!5-*(#-5!+)!2-$#!V,$1-!./0!1$%3-'!>%)'-'+!+)!+,)'-!
)*!+,-!$>+3$%!',(<!-2(''()#'W!(7-7F!+,-!64(-!.+7!%)>$+()#!('!2)4-!4-<4-'-#+$+(1-!+,$#!+,-!2)4-!
5('+$#+!B)<$X7!!U)C-1-4F!+,-!64(-!.+7!'(+-F!$%+,)38,!$!8))5!%)>$+()#F!C)3%5!)#%&!?&!>,$#>-!?-!
+,-!2)'+!$<<4)<4($+-!'(#8%-!%)>$+()#!(#!R$2-'!S$&7!"55(+()#$%!2)#(+)4(#8!'(+-'!$4-!4-Q3(4-5!+)!
5-+-42(#-!C,(>,!$4-$'!)*!R$2-'!S$&F!+,-!T##-4!U$4?)34!$#5!+,-!.)#8,--'!$4-!2)'+!$**->+-5!
$#5!,$1-!+,-!,(8,-'+!%-1-%'!)*!./07!
!
 
 
  



!" #$%& !'(! )*+, # -. !"

Methodology 
!
B,('!$#$%&'('!('!?$'-5!)#!$1$(%$?%-!5$+$!*)4Y!
!
! :9M2(#3+-!$1-4$8-!C(#5!'<--5!$#5!5(4->+()#!$'!2-$'34-5!$+!/85-#!Z)(#+!
! ;43('-!.,(<!'>,-53%-5!$44(1$%!$#5!5-<$4+34-!+(2-'!!
! S)+,!+,-!:9M2(#3+-!$#5!:M,)34!$1-4$8-!./0!%-1-%'!2-$'34-5!$+!+,-!64(-!.+7!'(+-!!
!

B,-!C(#5!5(4->+()#!('!1-4&!1$4($?%-!$#5!>$#!>,$#8-!'(8#(*(>$#+%&!)1-4!$!)#-!,)34!<-4()57!"'!$!
4-'3%+!)1-4!$!)#-!,)34!<-4()5!+,-!./0!%-1-%'!2-$'34-5!$+!+,-!64(-!.+7!'(+-F!(#!+,-!.D!'->+)4F!C(%%!
)*+-#!?-!V5(%3+-5W!?&!%-''-4!2-$'34-2-#+'!53-!+)!C(#5'!*4)2!)+,-4!5(4->+()#'!#)+!4-$>,(#8!+,-!
2)#(+)47!T#!)45-4!+)!4-53>-!+,('!-**->+!')2-!)*!+,-!V:M,)34!$1-4$8-W!>,$4+'!C(%%!?-!%$?-%%-5!C(+,!
VI[LW7!!T#!+,-'-!>$'-'F!+,-!>,$4+'!)#%&!(#>%35-!4-'3%+'!C,-#!$+!%-$'+!*)34!)*!+,-!:9M2(#3+-!C(#5!
2-$'34-2-#+'!C-4-!(#!+,-!'$2-!5(4->+()#!$'!+,-!:M,)34!$1-4$8-!='--!"<<-#5(K!:A7!
!
!
B,-!+$?%-'!$#5!84$<,'!(#!+,('!4-<)4+!C(%%!3'-!+,4--!2-+,)5'!*)4!<4-'-#+(#8!+,-!5$+$Y!
! “1-hour average”!\!]'-5!C,-#!$!>)2<$4(')#!C(+,!+,-!^$#>)31-4!T'%$#5!U-$%+,!"3+,)4(+&!
=^TU"A!./0!:M,4!-K<)'34-!83(5-%(#-'!('!3'-*3%_!-787F!C,-#!%))N(#8!$+!$>+3$%!./0!%-1-%'!
5-+->+-5!$+!+,-!64(-!'(+-!

! “10-minute average”!\!3'-5!C,-#!$!%$48-4!5$+$'-+!C(%%!<4)1(5-!2)4-!$>>34$+-!(#*)42$+()#!
$#5!$!>)2<$4(')#!C(+,!,-$%+,!'+$#5$45'!('!#)+!4-Q3(4-5_!-787F!C,-#!!>$%>3%$+(#8!+,-!E!)*!+,-!
+(2-!+,-!C(#5!('!*4)2!$!.D!5(4->+()#7!!!

! “Top 12.5%”!\!3'-5!*)4!(5-#+(*&(#8!V?-'+WF!VC)4'+W!)4!V2)'+W_!-787F!C,-#!(5-#+(*&(#8!C,(>,!
',(<'!C-4-!(#!<)4+!C,-#!+,-!,(8,-'+!:07@E!)*!./0!%-1-%'!C-4-!5-+->+-57!:07@E!C$'!>,)'-#!
'(#>-!+,('!C$'!+,-!<)(#+!$+!C,(>,!+,-!:M,)34!$1-4$8-!2-$'34-2-#+'!=.DF!I[LA!-K>--5-5!J@!
<<?!B,('!2-+,)5!('!5-'>4(?-5!(#!"<<-#5(K!0!

`!
6$>,!+$?%-!$#5!>,$4+!('!%$?-%%-5!C(+,!+,-!2-+,)5!3'-57!!

!
!
B,-!64(-!.+7!'(+-!('!(#!+,-!.D!'->+)4!=0:J7O@a!+)!0JL70@aA7!T+'!$>+3$%!%)>$+()#!4-%$+(1-!+)!+,-!>43('-!
',(<!C(%%!1$4&!?-+C--#!0:@a!$#5!0J9a!5-<-#5(#8!)#!C,(>,!<(-4!('!(#!3'-7! 



!" #$%& !'(! )*+, $ -. !"

Wind Direction 
 
B,-!*4-Q3-#>&!)*!C(#5!5(4->+()#!(#!-$>,!)*!:L!'->+)4'!=bF!bb6F!b6F!6b6F!6!-+>AF!C,-#!>43('-!
',(<'!$4-!(#!<)4+F!('!',)C#!(#!+,-!>,$4+!?-%)CY!

!
B,-!64(-!.+7!2)#(+)4(#8!'(+-!('!$+!$!C(#5!5(4->+()#F!*4)2!/85-#!Z)(#+F!)*!$<<4)K(2$+-%&!0:@aM!
0J9a_!(7-7F!(+!C(%%!2)'+!$>>34$+-%&!>$<+34-!/85-#!Z)(#+!5$+$!C,-#!+,-!C(#5'!$4-!*4)2!+,-!.D7!!
B,('!)>>344-5!0:E!)*!+,-!+(2-'!+,$+!+,-!>43('-!',(<'!,$1-!?--#!5)>N-57!!!
!
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!" #$%& !'(! )*+, ; -. !"

Wind directions in James Bay (as measured at Ogden Point)

B,-!C(#5!5(4->+()#!*4)2!Z(-4!"!$+!/85-#!Z)(#+!$#5!+,-!5(4->+()#!*4-Q3-#>&!,$1-!?--#!
'3<-4(2<)'-5!)#!+,-!$?)1-!R$2-'!S$&!2$<7!!B,-!%)>$+()#!)*!+,-!64(-!.+7!./0!2)#(+)4(#8!
'+$+()#!('!$%')!(#5(>$+-57 



!" #$%& !'(! )*+, < -. !"

Average and Maximum SO2 levels measured at Erie St.  

$A! Average SO2 

/*!#)+-!*)4!+,-!V$1-4$8-W!4-$5(#8'!$4-Y!
! B,-!)?1()3'!(#>4-$'-!(#!./0!%-1-%'!C,-#!+,-!',(<'!$4-!(#!<)4+7!
! B,-!#$44)C!C(#5!5(4->+()#!4$#8-!(#!C,(>,!+,-!64(-!.+7!2)#(+)4!C(%%!>$<+34-!4-%-1$#+!5$+$_!
-''-#+($%%&F!)#%&!(#!+,-!..DF!.D!$#5!D.D!'->+)4'F!C(+,!)#%&!5(**3'-5!2-$'34-2-#+'!
?-(#8!4->)45-5!(#!+,-!)3+-4!0!'->+)4'7!

!
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!" #$%& !'(! )*+, H -. !"

!
/*!#)+-!*)4!+,-!V2$K(232W!2-$'34-2-#+'!$4-Y!

! .$2-!>)22-#+'!$'!$?)1-!4-8$45(#8!C(#5!5(4->+()#!$#5!+,-!-**->+!)*!>43('-!',(<'7!
! B,-!2$K(232!:M,)34!./0!%-1-%!4->)45-5F!$+!64(-!.+7F!534(#8!+,-!09::!'-$')#!C$'!GP7L!
<<?7!=R3#-!P+,F!IM@!<2AF!!!

! B,-'-!$4-!'(#8%-!%)>$+()#!2-$'34-2-#+'7!!B,-!$>+3$%!84)3#5!%-1-%!2$K(232!2$&!?-!
,(8,-4!$#5!2$&!)>>34!-(+,-4!>%)'-4!+)F!)4!*34+,-4!*4)2F!/85-#!Z)(#+!5-<-#5(#8!)#!C(#5!
'<--5!$#5!2-+-)4)%)8(>$%!>)#5(+()#'7!!T*!>%)'-4F!+,-!2$K(232!2$&!?-!'(8#(*(>$#+%&!,(8,-4!
53-!+)!$!%-''!5('<-4'-5!<%32-7!!!
!

B,-!^$#>)31-4!T'%$#5!U-$%+,!"3+,)4(+&!<3?%(',-'!+,-!*)%%)C(#8!./0!U-$%+,!d('N!e3(5-!)#!(+'!
C-?'(+-!M!,++<Y[[CCC71(,$7>$[2,)[$(4fQ3$%(+&f(#5-K7,+2!
!
>35 ppb! M!'2$%%!#32?-4!)*!<-4')#'!C(+,!$'+,2$!C,)!$4-!1-4&!'-#'(+(1-!+)!./0!2$&!
-K<-4(-#>-!'&2<+)2'7!g)%%)C!H4h'!$51(>-!*)4!2$#$8(#8!>)#5(+()#7!
>75 ppb! M!T#>4-$'(#8!%(N-%(,))5!)*!4-'<(4$+)4&!'&2<+)2'!'3>,!$'!>,-'+!+(8,+#-''!$#5!
?4-$+,(#8!5('>)2*)4+!(#!<-)<%-!C(+,!$'+,2$7!Z-)<%-!C(+,!$'+,2$!',)3%5!>)#'(5-4!%(2(+(#8!
)3+5))4!-K-4+()#!)4!4-'>,-53%-!C,-#!./0!>)#>-#+4$+()#'!$4-!%)C-47!g)%%)C!H4h'!$51(>-!*)4!
2$#$8(#8!>)#5(+()#7!
> 185 ppb! M!;,(%54-#F!+,-!-%5-4%&F!$'+,2$+(>'!$#5!<-)<%-!C(+,!,-$4+!$#5!%3#8!5('-$'-!',)3%5!
%(2(+!-K-4+()#!)3+5))4'!)4!4-'>,-53%-!C,-#!./0!>)#>-#+4$+()#'!$4-!%)C-47!g)%%)C!H4h'!$51(>-!*)4!
2$#$8(#8!>)#5(+()#7!

Effect of wind speed!

D(#5!'<--5F!(#!$55(+()#!+)!C(#5!5(4->+()#F!2$&!$%')!(2<$>+!+,-!$?(%(+&!)*!+,-!64(-!.+7!2)#(+)4!+)!
4->)45!4-<4-'-#+$+(1-!./0!%-1-%'7!
!

!
!
! !
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!"
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!'
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AB2>3?CD1 AB1CD(' AB('CD(1 AB(1CD!' AB!'CD!1 AB!1CD???

=0
!
36
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:

?@+*/1+ =0! B+@+B @4 I&'( 46++(
3=% $J<7 45&64 &' 6.*- 785 (/-/:



!" #$%& !'(! )*+, K -. !"

B,('!>,$4+!'388-'+'!+,$+Y!
! B,-4-!('!$!4-%$+()#',(<!?-+C--#!C(#5!1-%)>(+&!$#5!+,-!./0!%-1-%'!5-+->+-5!$+!+,-!64(-!.+7!
'(+-!

! B,-!2)#(+)4!4->)45'!+,-!,(8,-'+!%-1-%'!)*!./0!C,-#!+,-!C(#5!('!*4)2!+,-!.D!$#5!+,-!
'<--5! :@!N#)+'7!!!!

!
b)+-!+,$+!'(#>-!+,-!C(#5!'<--5!)#%&!-K>--5-5!09!N#)+'!*)4!0!,)34'!534(#8!C,(>,!$!>43('-!
',(<!C$'!(#!<)4+!+,-!$1-4$8-!2-$'34-2-#+!)*!JG!<<?!',)3%5!?-!5('>)3#+-57!
!

E6:F G9,,F 6: H:-;7
IGE "J0C 78697 6: 9-5; C(8 F*;*K

AB2>3? AB1 AB(' AB(1 AB!' AB!1

D1 D(' D(1 D!' D!1 D???
L -.
M,*7$5,M,:;7 0 2( 1" !@ ! ' 8!"
/ 1/ !0/ "1/ !2/ !/ '/

NO+ GP! ! " (2 !" 23 '

Q*R GP! 1 !0 31 ?' 0' '
L AB21 ' ' @ @ ( '
/ -. ;-;*% '/ '/ (2/ !0/ 1'/ '/
L AB@1 ' ' ( ( ' '
/ -. ;-;*% '/ '/ !/ "/ '/ '/

S-;*% G869 6: 9-5; M,*7$5,M,:;7 ?!0

S-;*% AB (' H:-;7 32 ?/
!

!
!
D(+,!C(#5!*4)2!+,-!.D!$#5!'<--5'! :9!N#)+'!+,-!./0!%-1-%'!2-$'34-5!$+!64(-!.+7!-K>--5-5!J@!
<<?!=+,-!%-1-%!$+!C,(>,!+,)'-!2)'+!'-#'(+(1-!+)!./0!2$&!-K<-4(-#>-!'&2<+)2'A!*)4!=OiOi:A[!
=@Ii0Oi0A!j!:GE!)*!+,-!+(2-!+,$+!',(<'!C-4-!(#!<)4+7!
!
"<<-#5(K!J!(#>%35-'!$!2)4-!(#!5-<+,!5('>3''()#!)*!C(#5!'<--5!1'7!./0!%-1-%'!$#5!$%')!3'-'!
?)+,!+,-!V:9M2(#3+-W!$#5!V:07@EW!2-+,)5'!+)!(%%3'+4$+-!$!<)''(?%-!C(#5!'<--5!1'7!./0!%-1-%!
4-%$+()#',(<7!
!
B,-!$?)1-!$#$%&'('!,$'!(#5(>$+-5!+,$+!)*!+,-!P0L!,)34%&!2-$'34-2-#+'Y!

! :GJ!C-4-!*)4!.D!V:M,)34!$1-4$8-W!C(#5'!
! :09!)*!+,-'-!,$5!$+!%-$'+!I!)*!L!)*!+,-!:9M2(#3+-!C(#5'!$%')!*4)2!+,-!.D!
! GJ!)*!+,-'-!C-4-!$+!C(#5!'<--5'! :9!N#)+'!
! @:!)*!+,-'-!,$5!$%%!L!)*!+,-!:9M2(#3+-!C(#5'!*4)2!+,-!.D!



!" #$%& !'(! )*+, L -. !"

B,-!,(8,-'+!:M,)34!./0!2-$'34-2-#+!)*!+,-!&-$4!=GP7L!<<?A!C$'!4->)45-5!C,-#!+,-!C(#5!
>)#5(+()#'!C-4-!*4)2!+,-!.D!=L!)*!LA!$#5!C(+,!$!C(#5!'<--5! !:@!N#)+'7!B,-'-!>)#5(+()#'!
)>>344-5!*)4!0E!=:O[P0LA!)*!+,-!+(2-!+,$+!',(<'!C-4-!(#!<)4+7!!

!Effect of number of ships in port 
:M,)34!5$+$!

!

B)<!:07@E!5$+$!=3'(#8!:9M2(#3+-!>)3#+'A`!

!

!

!

S)+,!+,-!V:M,)34!5$+$W!$#5!+,-!V+)<!:07@EF!:9M2(#3+-W!>,$4+'!',)C!+,-!-K<->+-5!4-%$+()#',(<!
?-+C--#!2-$'34-5!./0!%-1-%'!$#5!+,-!#32?-4!)*!',(<'!(#!<)4+7! !
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!" #$%& !'(! )*+, 8" -. !"

Ships in port vs. Measured SO2 levels 

(' M6: =-$:;7 GGEJGEJEGE

G869<*M,7
N%% T676;7

L 6: ;-9
(!>1/
GP!

/ 86+8
GP!

4*5:6O*% G9656;C 45&7;*% G&M98-:& 12 (" !0/
45&7;*% G&M98-:& 2'" 0! !'/

<-5U,+6*: ),*5%C P-7;,5F*MC G*99865, )56:=,77 !3' 1@ !'/
NM7;,5F*MC 4,%,V56;& W:.6:6;& (?2 23 !'/
X-%F,: )56:=,77C E,7;,5F*M 2"" 1? (@/

NM7;,5F*MC Y8*97-F& P. S8, G,*7 (!' !' (@/
N5=*F6* @0 (' (2/

<-5U,+6*: ),*5%C P-7;,5F*M "? 1 ('/
G,* )56:=,77 !'? (" @/
4*5:6O*% G9656; !@' (@ 0/
E,7;,5F*M 3' " 1/

Y8*97-F& P. S8, G,*7 !?! (( "/
4,%,V56;& W:.6:6;& ((0 ! !/

Y,+*;;* ?( ' '/
!
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Conclusions!
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Appendix 1 – Wind Averaging 
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+,-4-*)4-!?-!3'-5!*)4!C(#5!5(4->+()#!>$%>3%$+()#'7!!

U)C-1-4F!+,-!C(#5!5(4->+()#!('!1-4&!1$4($?%-!)1-4!$!)#-!,)34!<-4()5!$#5F!(#!+,-!.D!5(4->+()#F!
)#%&!*)4!JLE!)*!+,-!4-'3%+'!C-4-!$%%!'(K!:9M2(#3+-!2-$'34-2-#+'!(#!+,-!'$2-!5(4->+()#!$'!+,-!:M
,)34!1->+)4!$1-4$8-!5(4->+()#7!!B,-!+$?%-!?-%)C!',)C'!,)C!2$#&!)*!+,-!V:9M2(#3+-W!C(#5!
5(4->+()#'!2$+>,!+,-!V:M,)34!1->+)4!$1-4$8-W!5(4->+()#Y!
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Appendix 2 - Using “data counts” to further analyse the data 
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O<2!$#5F!)*!+,-'-F!O!C-4-!(#!+,-!+)<!:07@E_!+,('!%-$5'!+)!$!4-$')#$?%-!$''32<+()#!+,$+!
:PE!=jO[JLA!)*!+,-!',(<!-2(''()#'!?-+C--#!L!$#5!O!<2!C)3%5!4-'3%+!(#!$!./0!%-1-%!(#!
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Appendix 3 – Effect of wind speed 
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Appendix 4 - Other Charts 
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Wind related charts: 
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Appendix 4 - Data Sources!

1) Wind Speed & Direction 
! /?+$(#-5!*4)2!+,-!e^U"!C-?'(+-Y!8;;9`JJUUU>O6=;-56*8*5V-$5>-5+JU,*;8,5>989!
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