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c*( =>33&%<(&#9(!"#'@>;7"#; ********************************************************************************************************************************Te/(
c*/*( =$%1#C$?;(&#9(A737$&$7"#; **************************************************************************************************************************Te/(
c*T*( =>33&%<****************************************************************************************************************************************************Te/(
c*.*( !"#'@>;7"#; ***********************************************************************************************************************************************TeT(

e*( G1'"331#9&$7"#; *********************************************************************************************************************************************Te,(
e*/*( 5%73&%<(=$%&$1C71;](G1C>@&$7"#;(E?&$(G19>'1(H37;;7"#;**************************************************************************Teb(
e*/*/*( B7%(X>&@7$<(=$&#9&%9;(4"%(!%7$1%7&(5"@@>$&#$;*************************************************************************************Teb(
e*/*/*/*( =1$$7#C(&7%(Q>&@7$<(;$&#9&%9;(7#($?1(&K;1#'1("4(#"-1441'$($?%1;?"@9; ******************************************Teb(
e*/*/*T*( =$&#9&%9;(I7$?(@"#C-$1%3(&61%&C7#C($731 **********************************************************************************Tec(
e*/*/*T*/*( )YT ****************************************************************************************************************************************Tec(
e*/*/*T*T*( YV"#1 *************************************************************************************************************************************Tee(
e*/*/*T*.*( 5&%$7'>@&$1(8&$$1%*******************************************************************************************************************Tee(

e*/*T*( G1C>@&$7#C(=">%'1; ****************************************************************************************************************************Tee(
e*/*.*( B7%(X>&@7$<($"(K1(F32%"619D()"$(N>;$(8&7#$&7#19******************************************************************************Ted(
e*/*,*( A"'&@("%(G1C7"#&@(G1C>@&$7"#;***********************************************************************************************************Te+(

e*T*( =1'"#9&%<(=$%&$1C71;](G19>'1(HR2";>%1("%(=>;'12$7K7@7$<*************************************************************************Te+(
e*.*( E1#;7"#;(J1$I11#(H37;;7"#(G19>'$7"#(&#9(HR2";>%1(G19>'$7"#(=$%&$1C71;********************************************Tda(

d*( G141%1#'1; *********************************************************************************************************************************************************TdT(
+*( A7;$("4(F#61#$7"#;(G12"%$19(&#9(!"2<%7C?$19(8&$1%7&@;(5%"9>'19********************************************************************.aa(
/a*( f@";;&%<("4(E1%3;D(BKK%167&$7"#;D(&#9(=<3K"@; ******************************************************************************************.ae(
//*( B221#97R *******************************************************************************************************************************************************./a(
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G.2*!)(!H.93#$2!

!
U7C>%1(T*,-/*(J7"@"C7'&@(732&'$(2&$?I&<(4"%(&3K71#$(&7%(2"@@>$&#$;D(&'>$1(&#9('?%"#7'(%1;27%&$"%<(1441'$;(&#9(

;>;'12$7K7@7$<(4&'$"%; **********************************************************************************************************************************************+(
U7C>%1(.*,-/*(!"32&%7;"#("4(58T*b((3&;;(31&;>%131#$;('"@@1'$19(K<($?1($I"-I11S(;&32@1%(&#9(UG8(;&32@1%(7#(

A"#C(J1&'?(7#(Taaa(&#9(Taa/* ****************************************************************************************************************************T,(
U7C>%1(.*,-T*(!"32&%7;"#("4('"@@"'&$19($I"-I11S(;&32@1%('"#'1#$%&$7"#;("4(58T*b(3&;;D(58T*b(#7$%&$1D(58T*b(;>@4&$1D(

#7$%7'(&'79D(4"%37'(&'79D(&#9(&'1$7'(&'79(4%"3(/++b-Taa/* ***********************************************************************************Tb(
U7C>%1(.*,-.*(E?1("V"#1(3"#7$"%7#C(@"'&$7"#;(7#(/+ebD(/+daD(/+dbD(/++aD(/++b********************************************************.a(
U7C>%1(.*,-,*(E?1()YT(3"#7$"%7#C(@"'&$7"#;(7#(/+ebD(/+daD(/+dbD(/++aD(/++b***********************************************************./(
U7C>%1(.*,-b*(E?1(E=5(3"#7$"%7#C(@"'&$7"#;(7#(/+eb(Z$"2[D(/+da(Z3799@1[D(&#9(/+db(ZK"$$"3[**********************************.T(
U7C>%1(.*,-c*(E?1(58/a(3"#7$"%7#C(@"'&$7"#;(7#(/+db(Z$"2[D(/++a(Z3799@1[D(&#9(/++b(ZK"$$"3[* *******************************..(
U7C>%1(.*,-e*(B61%&C1(%&$7";("4(58/a($"(E=5('"#'1#$%&$7"#;(7#(6&%7">;(%1C7"#;("4($?1('">#$%<**********************************.,(
U7C>%1(.*,-d*(='?13&$7'("4($?1(7#97679>&@(1R2";>%1(3"91@* ****************************************************************************************,a(
U7C>%1(.*,-+*(!"32&%7;"#("4(!&@$%&#;(&#9(E1@1B$@&;(%"&9I&<(@"'&$7"#(9&$&(4"%(&(4%11I&<(7#(G761%;791********************,b(
U7C>%1(.*,-/a*(B##>&@(&61%&C1($%&447'(6"@>31;(7#(A"#C(J1&'?D(!B(&#9(!O=(%1;791#'1;* *****************************************ba(
U7C>%1(.*,-//*(fF=-3&2219($%&447'(91#;7$<(7#(A"#C(J1&'?D(!B* *********************************************************************************b/(
U7C>%1(.*c-/*(O<2"$?1$7'&@(1R&32@1("4($?1($?%11-@161@(3"91@* ************************************************************************************b+(
U7C>%1(,*/-/*(A"'&$7"#;("4(!?7@9%1#\;(O1&@$?(=$>9<('"33>#7$71;* *****************************************************************************db(
U7C>%1(,*/-T*(H7C?$-<1&%(&61%&C1(&3K71#$('"#'1#$%&$7"#;("4("V"#1D()YTD(B'79;D(58T*b(3&;;D(&#9(58/a(3&;;(7#($?1(

!O=('"33>#7$71;************************************************************************************************************************************************dc(
U7C>%1(,*/-.*(H7C?$-<1&%(&61%&C1(&3K71#$('"#'1#$%&$7"#;("4(U"%37'(B'79D(B'1$7'(B'79D()7$%7'(B'79D(58T*b(Y!D(58T*b(

)Y.D(58T*b(H!D(&#9(58T*b(=Y,(7#($?1(!O=('"33>#7$71;*************************************************************************************de(
U7C>%1(,*/-,*(=2&$7&@('"%%1@&$7"#("4(17C?$-<1&%(&61%&C1(&3K71#$('"#'1#$%&$7"#;(7#($?1(!O=***************************************+/(
U7C>%1(,*/-b*(E132"%&@($%1#9(7#(&##>&@(&61%&C1(/a(B8kc(58("V"#1(&#9(T,-?%()YT('"#'1#$%&$7"#;(4%"3(/++,-Taa/*

*****************************************************************************************************************************************************************************+.(
U7C>%1(,*/-c*(E132"%&@($%1#9(7#(&##>&@(&61%&C1(58T*b(&#9(58/a(3&;;(4%"3(/++,-Taa/* *******************************************+,(
U7C>%1(,*/-e*(E132"%&@($%1#9(7#(&##>&@(&61%&C1(58T*b(#7$%&$1(&#9(;>@4&$1('"#'1#$%&$7"#;(4%"3(/++,-Taa/* **************+b(
U7C>%1(,*/-d*(E132"%&@($%1#9(7#(&##>&@(&61%&C1(58T*b("%C&#7'(&#9(1@131#$&@('&%K"#('"#'1#$%&$7"#;(4%"3(/++,-Taa/*

*****************************************************************************************************************************************************************************+c(
U7C>%1(,*/-+*(E132"%&@($%1#9(7#(&##>&@(&61%&C1(#7$%7'D(4"%37'D(&#9(&'1$7'(&'79('"#'1#$%&$7"#;(4%"3(/++,-Taa/* ******+e(
U7C>%1(,*/-/a*(8"#$?@<(&61%&C1("V"#1(9&7@<(/-?%(3&R73>3('"#'1#$%&$7"#;(4"%(/++,($?%">C?(Taa/* ************************+d(
U7C>%1(,*/-//*(8"#$?@<(T,-?%(&61%&C1()YT('"#'1#$%&$7"#;(4"%(/++,-Taa/*****************************************************************++(
U7C>%1(,*/-/T*(8"#$?@<(T,-?%(&61%&C1()Y('"#'1#$%&$7"#;(4"%(/++,($?%">C?(Taa/***************************************************/aa(
U7C>%1(,*/-/.*(8"#$?@<(T,-?%(&61%&C1(58T*b('"#'1#$%&$7"#;(4"%(/++,($?%">C?(Taa/************************************************/a/(
U7C>%1(,*/-/,*(8"#$?@<(T,-?%(&61%&C1(58/a('"#'1#$%&$7"#;(4"%(/++,($?%">C?(Taa/*************************************************/aT(
U7C>%1(,*/-/b*(B61%&C1(97>%#&@(2%"47@1("4("V"#1(4"%(/++,($?%">C?(Taa/*((E?1(;'&@1;(6&%<(4%"3(;7$1($"(;7$1*************/a.(
U7C>%1(,*/-/c*(B61%&C1(97>%#&@(2%"47@1("4()YT(4"%(/++,($?%">C?(Taa/*((E?1(;'&@1;(3&<(6&%<(4%"3(;7$1($"(;7$1********/a,(
U7C>%1(,*/-/e*(B61%&C1(97>%#&@(2%"47@1("4()Y(4"%(/++,($?%">C?(Taa/*((E?1(;'&@1;(6&%<(4%"3(;7$1($"(;7$1*****************/ab(
U7C>%1(,*/-/d*(B61%&C1(97>%#&@(2%"47@1("4(58/a(4"%(/++,($?%">C?(Taa/*((E?1(;'&@1;(3&<(6&%<(4%"3(;7$1($"(;7$1* *****/ac(
U7C>%1(,*/-/+*(B61%&C1(97>%#&@(2%"47@1("4()Y(7#(/++b(&#9(/++c(31&;>%19(&$($?1(=&#(073&;(&#9(f@1#9"%&(&7%(

3"#7$"%7#C(;$&$7"#;(7#($?1('"33>#7$<("4(=&#(073&;*****************************************************************************************/ae(
U7C>%1(,*/-Ta*(B##>&@(&61%&C1('"#'1#$%&$7"#;("4(;1@1'$19(1@131#$;(7#(58T*T(7#($?1(!O=(Z5&%$(B(4"%()&(k(J%[* ******//c(
U7C>%1(,*/-T/*(B##>&@(&61%&C1('"#'1#$%&$7"#;("4(;1@1'$19(1@131#$;(7#(58T*T(7#($?1(!O=(Z5&%$(J(4"%(GK-:[* **********//e(
U7C>%1(,*/-TT*(B('"32&%7;"#("4($?1(;>3("4($?1(1@131#$;(31&;>%19(K<(lGU(&#9(58T*b(3&;;(K<(!O=('"33>#7$<(7#(

Taa/* ******************************************************************************************************************************************************************//d(
U7C>%1(,*/-T.*(B('"32&%7;"#("4($?1(;>3("4(58T*T('%>;$&@(1@131#$;(&#9(58T*b(3&;;(K<(!O=('"33>#7$<(7#(Taa/***//d(
U7C>%1(,*/-T,*(E?1(Taa/(%1@&$761('"32";7$7"#("4($?1('%>;$&@(1@131#$(3&;;(K<('"33>#7$<***************************************//d(
U7C>%1(,*/-Tb*(B61%&C1('"#$%7K>$7"#;(ZmCg3.[($"(58/a(3&;;(K<(;1@1'$19(;">%'1($<21;(7#($?%11($731(21%7"9;(7#(/++b*

***************************************************************************************************************************************************************************//+(
U7C>%1(,*/-Tc*(B61%&C1(!Y('"#'1#$%&$7"#;(7#(!O=('"33>#7$71;(7#(Taaa(&#9(Taa/* ***********************************************/Ta(
U7C>%1(,*/-Te*(B61%&C1(97>%#&@(2%"47@1;("4(?">%@<(!Y('"#'1#$%&$7"#;(7#(B$&;'&91%"D(f@1#9"%&D(A"#C(J1&'?D(&#9(

A&#'&;$1%(7#(Taaa(&#9(Taa/*******************************************************************************************************************************/Ta(
U7C>%1(,*/-Td*(!"32&%7;"#("4(bkd(B8(Z5=E[(!Y(&#9(#7$%7'("R791(?">%@<(&61%&C1('"#'1#$%&$7"#;(&$(B$&;'&91%"D(

=&#$&(8&%7&D(A&#'&;$1%D(&#9(A"#C(J1&'?(7#(Taaa-Taa/* ***********************************************************************************/T/(
U7C>%1(,*/-T+*(B##>&@(&61%&C1(2&%$7'@1(#>3K1%('"#'1#$%&$7"#;(7#(4761(!O=('"33>#7$71;(7#(Taa/**************************/TT(
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U7C>%1(,*/-.a*(8"#$?@<(&61%&C1(2&%$7'@1(#>3K1%('"#'1#$%&$7"#;(7#(//(!O=('"33>#7$71;(7#(Y'$"K1%k01'13K1%(
Taa/* ******************************************************************************************************************************************************************/TT(

U7C>%1(,*/-./*(B61%&C1(97>%#&@(2%"47@1;("4(?">%@<(2&%$7'@1(#>3K1%('"#'1#$%&$7"#;(7#(Y'$"K1%k01'13K1%(Taa/(7#(
!O=('"33>#7$71;**********************************************************************************************************************************************/T.(

U7C>%1(,*/-.T*(!"32&%7;"#("4(bkd(B8(Z5=E[(2&%$7'@1(#>3K1%(&#9(#7$%7'("R791(?">%@<(&61%&C1('"#'1#$%&$7"#;(&$(
B$&;'&91%"D(=&#$&(8&%7&D(A&#'&;$1%D(&#9(A"#C(J1&'?(7#(Taa/* ************************************************************************/T,(

U7C>%1(,*/-..*(!"32&%7;"#("4(bkd(B8(Z5=E[(2&%$7'@1(#>3K1%(&#9(!Y(?">%@<(&61%&C1('"#'1#$%&$7"#;(&$(B$&;'&91%"D(
=&#$&(8&%7&D(A&#'&;$1%D(&#9(A"#C(J1&'?(7#(Taa/* ********************************************************************************************/Tb(

U7C>%1(,*/-.,*(A"'&$7"#;(I7$?7#($?1('"#$7C>">;(:#7$19(=$&$1;(I?1%1(!O=(%1;791#$;(@7619(4"%("#1("%(3"%1(3"#$?;(
2%7"%($"(1#%"@@31#$(7#($?1(;$>9<**************************************************************************************************************************/Te(

U7C>%1(,*/-.b*(A"'&$7"#;(I7$?7#(!&@74"%#7&(I?1%1(!O=(%1;791#$;(@7619(4"%("#1("%(3"%1(3"#$?;(2%7"%($"(1#%"@@31#$(7#(
$?1(;$>9<*************************************************************************************************************************************************************/Td(

U7C>%1(,*/-.c*(81&;>%19("%(1;$73&$19(3"#$?@<(&61%&C1("V"#1('"#'1#$%&$7"#;(ZT,-?%[(7#(!O=('"33>#7$71;(4"%(/+eb(
$?%">C?(/++.******************************************************************************************************************************************************/T+(

U7C>%1(,*/-.e*(81&;>%19(&#9(1;$73&$19(3"#$?@<(&61%&C1("V"#1('"#'1#$%&$7"#;(Z/a(B8(k(c(58[(7#(!O=(
'"33>#7$71;(4"%(/+eb($?%">C?(/++.******************************************************************************************************************/.a(

U7C>%1(,*/-.d*(81&;>%19(&#9(1;$73&$19(3"#$?@<(&61%&C1()YT('"#'1#$%&$7"#;(7#(!O=('"33>#7$71;(4"%(/+eb($?%">C?(
/++.* ******************************************************************************************************************************************************************/./(

U7C>%1(,*/-.+*(81&;>%19(&#9(1;$73&$19(3"#$?@<(&61%&C1(58/a('"#'1#$%&$7"#;(7#(!O=('"33>#7$71;(4"%(/+eb($?%">C?(
/++.* ******************************************************************************************************************************************************************/.T(

U7C>%1(,*/-,a*(07;$%7K>$7"#("4(97;$&#'1;(K1$I11#(!O=(%1;791#'1;(&#9($?1(#1&%1;$(4%11I&<* ************************************/.e(
U7C>%1(,*/-,/*(07;$%7K>$7"#("4(97;$&#'1;(K1$I11#(!O=(%1;791#'1;(&#9($?1(#1&%1;$(2%7#'72&@(&%$1%7&@("%(37#"%(&%$1%7&@*

***************************************************************************************************************************************************************************/.e
U7C>%1(,*/-,T*(=2&$7&@@<(3&2219($%&447'(91#;7$<(7#(B$&;'&91%"(&#9(=&#$&(8&%7&*******************************************************/.d(
U7C>%1(,*/-,.*(=2&$7&@@<(3&2219($%&447'(91#;7$<(7#(A"32"'(&#9(A&#'&;$1%***************************************************************/.+(
U7C>%1(,*/-,,*(=2&$7&@@<(3&2219($%&447'(91#;7$<(7#(A&S1(B%%"I?1&9(&#9(=&#(073&;************************************************/,a(
U7C>%1(,*/-,b*(=2&$7&@@<(3&2219($%&447'(91#;7$<(7#(:2@&#9(&#9(87%&(A"3&**************************************************************/,/(
U7C>%1(,*/-,c*(=2&$7&@@<(3&2219($%&447'(91#;7$<(7#(A"#C(J1&'?(&#9(G761%;791* ********************************************************/,T(
U7C>%1(,*/-,e*(=2&$7&@@<(3&2219($%&447'(91#;7$<(7#(A&S1(H@;7#"%1(&#9(B@27#1***********************************************************/,.(
U7C>%1(,*/-,d*(07;$%7K>$7"#("4(1;$73&$19($%&447'(91#;7$<(Z&%K7$%&%<(;'&@1[(7#(B$&;'&91%"D(=&#$&(8&%7&D(A"32"'D(

A&#'&;$1%D(A&S1(B%%"I?1&9D(&#9(=&#(073&;*****************************************************************************************************/,,(
U7C>%1(,*/-,+*(07;$%7K>$7"#("4(1;$73&$19($%&447'(91#;7$<(Z&%K7$%&%<(;'&@1[(7#(:2@&#9D(87%&(A"3&D(G761%;791D(A"#C(

J1&'?D(A&S1(H@;7#"%1D(&#9(B@27#1* ********************************************************************************************************************/,b(
U7C>%1(,*/-ba*(B61%&C1(1;$73&$19($%&447'(91#;7$<(&$(!O=(2&%$7'72&#$(%1;791#'1;(K<('"33>#7$<* *****************************/,c(
U7C>%1(,*/-b/*(J"R-I?7;S1%(2@"$;("4(&##>&@(&61%&C1()YTD()YRD(58T*b(H!D(&#9(58T*b(Y!('"#'1#$%&$7"#;(&$(!O=(

%1;791#'1;(1;$73&$19(K<($?1(!BAF)H,(3"91@*((E?1(K"R(;?"I;($?1(Tb$?D(ba$?D(&#9(eb$?(21%'1#$7@1;D(I?7@1($?1(
I?7;S1%(;?"I;($?1(?7C?(&#9(@"I(6&@>1;*((E?1(;$&$7"#(&KK%167&$7"#;(&%1(C761#(7#(E&K@1(,*/-/.*************************/,e(

U7C>%1(,*/-bT*(!"32&%7;"#("4(&##>&@(&61%&C1()YT(&#9()YR('"#'1#$%&$7"#;(1;$73&$19(K<($?1(!BAF)H,(3"91@(4"%(
$?1('1#$%&@(&7%(3"#7$"%7#C(;$&$7"#(@"'&$7"#;(&#9($?1(4">%-<1&%(&61%&C1("K;1%619(&3K71#$('"#'1#$%&$7"#;(&$($?1(
;$&$7"#;*(()"$1D($?1("K;1%6&$7"#;(4"%(=&#(073&;(&%1(K&;19("#("#@<($I"(<1&%;("4(9&$&* **************************************/,d(

U7C>%1(,*/-b.*(!"32&%7;"#("4(&##>&@(&61%&C1(58T*b(H!(&#9(Y!('"#'1#$%&$7"#;(1;$73&$19(K<($?1(!BAF)H,(3"91@(
4"%($?1('1#$%&@(&7%(3"#7$"%7#C(;$&$7"#(@"'&$7"#;(&#9($?1(4">%-<1&%(&61%&C1("K;1%619(&3K71#$('"#'1#$%&$7"#;(&$($?1(
;$&$7"#;*(()"$1D($?1("K;1%6&$7"#;(4"%(=&#(073&;(&#9(f@1#9"%&(&%1(K&;19("#("#@<($I"(<1&%;("4(9&$&*****************/,+(

U7C>%1(,*/-b,*(!"32&%7;"#("4(@"'&@(3"K7@1(;">%'1()YR('"#'1#$%&$7"#;(1;$73&$1;(4%"3($?1(!BAF)H,(3"91@(I7$?(
1;$73&$19($%&447'(91#;7$<(7#(%12%1;1#$&$761('"33>#7$71;************************************************************************************/ba(

U7C>%1(,*/-bb*(J"R-I?7;S1%(2@"$;("4($?1(1;$73&$19(&##>&@(&61%&C1(21%;"#&@(1R2";>%1(K<('"33>#7$<(7#(/++e********/bT(
U7C>%1(,*/-bc*(H;$73&$19(21%;"#&@(1R2";>%1($"()YTD("V"#1D(58/aD(&#9(58T*b(4%"3(">$9""%(@"'&@("#-%"&9(3"K7@1(

;">%'1;(&#9(4%"3(%1C7"#&@($%&#;2"%$(&#9("$?1%(">$9""%(@"'&@(;">%'1;(7#($?1(!O=('"33>#7$71;************************/b.(
U7C>%1(,*/-be*(H;$73&$19(21%;"#&@(1R2";>%1($"("V"#1(&#9(58T*b(H!(&#9(58T*b(Y!(4%"3(">$9""%(@"'&@("#-%"&9(

3"K7@1(;">%'1;(&#9(4%"3(%1C7"#&@($%&#;2"%$(&#9("$?1%(">$9""%(@"'&@(;">%'1;(7#($?1(!O=('"33>#7$71;************/b,(
U7C>%1(,*/-bd*(H;$73&$19(21%;"#&@(1R2";>%1($"()YT(&#9("V"#1("4(">$9""%("%7C7#("''>%%7#C(I?7@1(;>KL1'$;(I1%1(

7#9""%;(&#9(">$9""%;(&$(%1;791#'1;(&#9(;'?""@;D(7#(61?7'@1;D(&#9(7#("$?1%(37'%"1#67%"#31#$;*************************/b,(
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3&C#7$>91("4($?1(2";$>@&$19($?%1;?"@9* **************************************************************************************************************/+a(
U7C>%1(,*T-+*(H;$73&$19(;@"21;(Z&#9(+bn('"#4791#'1(@737$;[(4"%($?1(%1@&$7"#;?72(K1$I11#(,-<1&%('?&#C1;(7#(88HU(
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1. Executive Summary 

1.1. Background 
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Q>1;$7"##&7%1(9&$&(7#($?1(BKK1<(;$>9<D(&#9(2";;7K@1('"#4">#97#C(7#($?1(=?1%I7#(;$>9<D(
'"#'@>;7"#;(&%1(>#'1%$&7#*((M?1#($?1(!?7@9%1#\;(O1&@$?(=$>9<(K1C&#D(1;;1#$7&@@<(#"(?>3&#(9&$&(
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1.2. Methods 
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&@@"I19(>;($"(&;'1%$&7#($?1(7#'791#'1("4(#1I-"#;1$('"#97$7"#;(;>'?(&;(2?<;7'7&#-97&C#";19(
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$?1%1(I&;(3"$76&$7"#(4"%(;'?""@;($"('"@@1'$(&''>%&$1(9&$&*(M1(>;19(9"'>31#$19(;'?""@(&K;1#'1;(
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1.3. Results 
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1.4. Conclusions 
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2. Introduction 

2.1. History 
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2.2. Background 
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2.3. Public Health Significance 
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2.4. Biological Rationale 
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2.5. Hypotheses 
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3. Methods 

3.1. Introduction 
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3.2. Study Design 

3.2.1. Community Selection  
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3.3. Study Populations 

3.3.1. Cohorts 
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3.3.3. Student Selection and Recruitment 
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3.3.4. Student Enrollment        
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3.4. Exposure Assessment Methodology 
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3.4.1. Ambient Air Quality Measurement Methods 
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Two-week Average PM2.5 Mass in 

Long Beach 2000-2001

TWS vs FRM
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) Observations

TWS = 0.71 [FRM] + 2.5,  r2=0.80

TWS = 0.85 [FRM]
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3.4.2. Pre-study Exposure Assessment Methods 
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3.4.3.  Exposure Modeling and Traffic Assessment Methods 
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3.4.3.1.1. Time-activity Patterns 
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3.4.3.1.2. Outdoor Microenvironmental Concentrations 
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3.4.3.1.4. In vehicle Microenvironmental Concentrations 
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3.5. Health Outcomes/Endpoints 

3.5.1. The Questionnaire 
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3.5.2. Lung Function Testing 

A>#C(4>#'$7"#($1;$7#C($""S(2@&'1(7#($?1(;2%7#C("4(/++.(&#9(7#(1&'?(;>K;1Q>1#$(;2%7#C($"(37#737V1(
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3.7. Quality Assurance/Quality Control  
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3.7.2. Exposure Assessment 
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3.7.3. Health Assessment 
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3.7.4. Data Management 
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4. Results 

4.1. Exposure Assessment  

4.1.1. Ambient Air Quality 
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4.1.1.1.1. Spatial Patterns of Gaseous Pollutants 
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A&S1(H@;7#"%1($<27'&@@<(1R21%71#'19(3"%#7#C(&#9(161#7#C(58/a(21&S;*((B@27#1(&#9(A&S1(
B%%"I?1&9(?&9(&4$1%#""#(21&S;D(I?7@1(A"#C(J1&'?D(G761%;791D(=&#(073&;D(A"32"'D(&#9(=&#(
8&%7&(?&9(K%"&9(379-9&<(58/a(21&S;("4(6&%<7#C(;?&21;*((E?1;1(97>%#&@(97441%1#'1;(I7@@(;>%1@<(
7#4@>1#'1(2"2>@&$7"#(1R2";>%1*((!?7@9%1#(1R1%'7;7#C(&$(379-9&<(7#(A&S1(H@;7#"%1D(4"%(1R&32@1D(
I1%1(@7S1@<($"(K1(1R2";19($"(@161@;(@"I1%($?&#($?1(_A&S1(H@;7#"%1(&61%&C1(58/a`D(I?1%1&;(
'?7@9%1#(1R1%'7;7#C(&$(379-9&<(7#(=&#(073&;(&#9(A"#C(J1&'?(I1%1(@7S1@<($"(K1(1R2";19($"(@161@;(
?7C?1%($?&#($?1(9&7@<(&61%&C1;(4"%($?1;1('"33>#7$71;*((87%&(A"3&D($?1('"33>#7$<(I7$?($?1(
?7C?1;$(&61%&C1(58/a('"#'1#$%&$7"#;D(1R21%71#'19(7$;(?7C?(6&@>1;(4%"3(c(23($"(d(23(Z5=E[(7#($?1(
161#7#C*((A"32"'D($?1('"33>#7$<(I7$?($?1(@"I1;$(58/aD(?&9(;737@&%(6&@>1;($?%">C?">$($?1(
9&<$731(21%7"9*(

>M=M=M>M! U%$4.&-!U*3'.$2!

B(#>3K1%("4(;21'7&@(;$>971;(I1%1(21%4"%319($"(4>%$?1%('?&%&'$1%7V1($?1(#&$>%1("4($?1(&7%(2"@@>$7"#(
2%"47@1;(7#($?1(!O=('"33>#7$71;*((B7%(2"@@>$7"#(9&$&(I1%1('"@@1'$19(4"%("#1("%(3"%1(<1&%;(7#(
3";$("%(&@@("4($?1('"33>#7$71;($"("K$&7#(&(_;#&2;?"$`("4(&##>&@('"#'1#$%&$7"#;($?&$('">@9(K1(>;19(
7#('%";;-;1'$7"#&@(&#&@<;1;("4(?1&@$?(1441'$;*((U>%$?1%3"%1D(74("#1(7C#"%1;($?1(C1#1%&@@<(;3&@@(
$%1#9;(&#9(<1&%-$"-<1&%(6&%7&K7@7$<D($?1(;21'7&@(;$>9<(9&$&('&#(&@;"(K1(>;19(7#(@"#C7$>97#&@(
&#&@<;1;("4(?1&@$?(1441'$;*((E?1(;21'7&@(;$>971;(%12"%$19(7#($?7;(;1'$7"#(7#'@>91(Z/[(31&;>%131#$;(
"4(1@131#$&@('"#'1#$%&$7"#;D(7#'@>97#C($%&'1(31$&@;D(7#(58T*b(;&32@1;D(ZT[(31&;>%131#$;("4(
2&%$7'@1-2?&;1("%C&#7'('"32">#9;(7#(58/a(;&32@1;(&#9(58/a(;">%'1(&22"%$7"#31#$D(
Z.[(31&;>%131#$;("4('&%K"#(3"#"R791D(&#9(Z,[(31&;>%131#$;("4(2&%$7'@1(#>3K1%('"#'1#$%&$7"#;*(((

4.1.1.4.1. Elemental Concentrations  

E?1(&3K71#$('"#'1#$%&$7"#;("4(,a(1@131#$;(2"$1#$7&@@<(91$1'$&K@1(7#(58T*T(I1%1(31&;>%19(
$?%">C?">$(Taa/(>;7#C($I"-I11S(;&32@1%;*((E?1(&##>&@(&61%&C1('"#'1#$%&$7"#;("4($?1(1@131#$;(
31&;>%19(K<(lGU(&%1(@7;$19(7#(E&K@1(,*/-e(&#9(;?"I#(7#(U7C>%1(,*/-Ta(&#9(U7C>%1(,*/-T/*((Y#@<(
$?";1('"#'1#$%&$7"#;($?&$(1R'11919($?1(&#&@<$7'&@(@737$("4(91$1'$7"#D(@7;$19(7#(E&K@1(,*/-eD(;?">@9(
K1(7#$1%2%1$19(Q>&#$7$&$761@<*((E?1(lGU(31$?"9D(&;(%>#(&$(0GF(4"%($?1;1(;&32@1;D(I&;(#"$(&K@1($"(
%1@7&K@<(Q>&#$74<($?1(@161@;("4(;"97>3(Z)&[D(3&C#1;7>3(Z8C[D(2?";2?"%>;(Z5[D(C&@@7>3(Zf&[D(
&%;1#7'(ZB;[D(%>K797>3(ZGK[D(<$$%7>3(Zw[D(2&@@&97>3(Z59[D(;7@61%(ZBC[D('&937>3(Z!9[D(7#97>3(
ZF#[D(&#$73"#<(Z=K[D(K&%7>3(ZJ&[D(@&#$?&#>3(ZA&[D(C"@9(ZB>[D(31%'>%<(ZOC[D($?&@@7>3(ZE@[D(&#9(
>%&#7>3(Z:[(7#(3";$("4($?1(58T*b(;&32@1;*((U"%($?1('"32">#9;(I7$?(/($"(b(#Cg3

.(@737$;("4(
91$1'$7"#D($?1(%1;>@$;(7#97'&$19($?1;1('"32">#9;(I1%1(17$?1%(#"$(2%1;1#$("%(2%1;1#$(7#(61%<(;3&@@(
Q>&#$7$71;*((F$(3>;$(K1(#"$19($?&$($?1(@737$;("4(91$1'$7"#(4"%($?1($I"(@7C?$1;$(1@131#$;(&#&@<V19D(
;"97>3(&#9(3&C#1;7>3D(I1%1(3>'?(?7C?1%(&#9($?1;1(%1;>@$;(;?">@9(#"$(K1(7#$1%2%1$19($"(;>CC1;$(
$?1(1@131#$;(I1%1(#"$(2%1;1#$(7#($?1(;&32@1;*((="97>3(&#9(3&C#1;7>3(2%"K&K@<(1R7;$(7#(3";$(
47#1(2&%$7'@1;(;&32@1;D(K&;19("#("$?1%(31&;>%131#$;("4(;">$?1%#(!&@74"%#7&(&1%";"@('"32";7$7"#(
ZM&$;"#(1$(&@*(/++,[*(((
(
E?1(3";$(&K>#9&#$(1@131#$(ZQ>&#$74719(K<(lGU[(7#(47#1(58('"@@1'$19(I&;(;>@4>%(Z=[(&'%";;(&@@(
!O=('"33>#7$71;*((B##>&@(&61%&C1(;>@4>%(@161@;(%&#C19(4%"3(baa($"(/.aa(#Cg3.D(I?7'?(I&;(
'"#;7;$1#$(I7$?($?1(;>@4&$1('"#'1#$%&$7"#(9&$&*((E?1(#1R$(3";$(&K>#9&#$(C%">2("4(1@131#$;(I1%1(

( eT
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"#1;('"33"#@<(2%1;1#$(7#(37#1%&@(9>;$("%('%>;$&@(3&$1%7&@]((;7@7'"#(Z=7[D(7%"#(ZU1[D(&@>37#>3(
ZB@[D(2"$&;;7>3(ZP[D(&#9('&@'7>3(Z!&[*((E?1(;>3("4($?1;1('%>;$&@(1@131#$;(I&;(K1$I11#(Taa(&#9(
daa(#Cg3.("#(&#(&##>&@(K&;7;(&'%";;($?1('"33>#7$71;*((E?1(#1R$(3";$(&K>#9&#$(1@131#$(7#(3";$(
'"33>#7$71;(I&;('?@"%7#1(Z!@[*((G1@&$761@<(?7C?('?@"%791(7"#('"#'1#$%&$7"#;(I1%1("K;1%619(7#(
'"&;$&@('"33>#7$71;(@7S1(A"#C(J1&'?(Z//T(#Cg3.[(&#9(A"32"'(Zbe(#Cg3.[D(I?1%1(;3&@@1%(;1&(
;&@$(2&%$7'@1;('"#$%7K>$19('?@"%791(7"#;D(&#9(&@;"(7#(7#@&#9(&%1&;(@7S1(:2@&#9(Zb+(#Cg3.[(&#9(87%&(
A"3&(ZTea(#Cg3.[*((!?@"%7#1(I&;(K1@"I($?1(,*b(#Cg3.(@737$("4(91$1'$7"#(7#(A&S1(B%%"I?1&9(Z/*e(
#Cg3.[*((F%"#(I&;(K<(4&%($?1(3";$(&K>#9&#$($%&'1(31$&@D(I7$?(&##>&@('"#'1#$%&$7"#;(%&#C7#C(4%"3(
/d(#Cg3.(7#(A"32"'($"(/de(#Cg3.(7#(87%&(A"3&*((W7#'(ZW#[(I&;(&@;"(&;(&K>#9&#$(&;(;"31("4($?1(
'%>;$&@(1@131#$;D(;>'?(&;(&@>37#>3D(7#(3&#<("4($?1('"33>#7$71;*((B##>&@(V7#'('"#'1#$%&$7"#;(
%&#C19(4%"3(,(#Cg3.(7#(A"32"'($"(..(#Cg3.(7#(:2@&#9*((B##>&@('"#'1#$%&$7"#;("4($7$&#7>3(ZE7[D(
6&#&97>3(Zh[D('"221%(Z!>[D(&#9(3&#C&#1;1(Z8#[(%&#C19(4%"3(/($"(s/a(#Cg3.*((E?1(&##>&@(
'"#'1#$%&$7"#;("4("$?1%($%&'1(31$&@;D(;>'?(&;('?%"37>3(Z!%[D('"K&@$(Z!"[D(&#9(#7'S1@(Z)7[D(I1%1(
@1;;($?&#(.(#Cg3.*((E?1(&##>&@(&61%&C1(@1&9(Z5K[('"#'1#$%&$7"#;(%&#C19(4%"3(/*T(#Cg3.(7#(
A"32"'($"(+(#Cg3.(7#(f@1#9"%&(&#9(:2@&#9*((E?1%1(I1%1(&@;"(;3&@@(K>$(91$1'$&K@1(&3">#$;("4(
;1@1#7>3(Z=1[D(K%"37#1(ZJ%[D(;$%"#$7>3(Z=%[D(V7%'"#7>3(ZW%[D(3"@<K91#>3(Z8"[D(&#9($7#(Z=#[(7#(
$?1(47#1(2&%$7'@1;*((E?1(3";$(&K>#9&#$("4($?1;1D($7#D(?&9(&##>&@('"#'1#$%&$7"#;(%&#C7#C(4%"3(a*b(
#Cg3.(7#(=&#$&(8&%7&($"(/a(#Cg3.(7#(f@1#9"%&*(((
(
E?1(1R$1#$($"(I?7'?(;2&$7&@(2&$$1%#;("4(1R2";>%1("4($?1;1(1@131#$;(97441%19(4%"3("$?1%(7#97'&$"%;(
"4(47#1(2&%$7'@1(2"@@>$7"#(7;(2"$1#$7&@@<(732"%$&#$(4"%(;$>9<7#C(?1&@$?(1441'$;*((=>@4&$1D(#7$%&$1D(
&33"#7>3D(Y!D(&#9(H!(I1%1(&@@('"%%1@&$19(I7$?(58T*b(3&;;(ZE&K@1(,*/-b[*((B('"32&%7;"#("4($?1(
$"$&@(3&;;("4(1@131#$;(31&;>%19(K<(lGU(&;(&(C%">2(&#9(58T*b(3&;;(7;(2%1;1#$19(7#(U7C>%1(
,*/-TT*((E?1('"1447'71#$("4(91$1%37#&$7"#(Z%T[(I&;(a*dT*((E?1(;>3("4($?1('%>;$&@(1@131#$;(&9L>;$19(
4"%($?1(2%"K&K@1(3&;;("4("R<C1#(&;;"'7&$19(I7$?($?13(Z3&;;("4('%>;$&@("R791;(r(/*d+tB@u(p(
/*bet=7u(p(/*TtPu(p(/*,t!&u(p(/*,.tU1u[(I&;('"32&%19($"(58T*b(3&;;(7#(U7C>%1(,*/-T.*((E?1(
'%>;$&@(3&;;('"#'1#$%&$7"#;(I1%1(&@;"(%1@&$19($"(58T*b(3&;;(Z%

T(r(a*eb[*((8&#<("4($?1(7#97679>&@(
1@131#$;(I1%1(&@;"(;2&$7&@@<('"%%1@&$19D(&@$?">C?(#"$(&;(;$%"#C@<(&;($?1;1(;>3;*(()"#1("4($?1(
3"%1(&K>#9&#$(1@131#$;(?&9(2&$$1%#;($?&$(;$%"#C@<(97441%19(4%"3($?&$("4(58T*b(3&;;*((

4.1.1.4.2. Particle-phase Organic Compounds and Source Apportionment 

B$3";2?1%7'(58(;&32@1;('"@@1'$19("#(A1C(!("4($?1($I"-I11S(;&32@1%(7#(/++b(I1%1(&#&@<V19(
>;7#C(C&;('?%"3&$"C%&2?<g3&;;(=21'$%"31$%<(Zf!g8=[($1'?#7Q>1;(K<(8&#'?1;$1%-)11;67C(1$(&@*(
ZTaa.[*((E?1(Tc($I"-I11S(;&32@1;(4%"3(1&'?('"33>#7$<(I1%1('"3K7#19(7#$"(;&32@1;(4"%($?%11(
21%7"9;]((01'13K1%(T+D(/++,k8&<(.D(/++b^(8&<(.k)"613K1%(/D(/++b^(&#9()"613K1%(/k
01'13K1%(TdD(/++b*(()7#1$<-4">%(2&%$7'@1-2?&;1("%C&#7'('"32">#9;(I1%1(Q>&#$74719(7#($?1(
;&32@1;D(7#'@>97#C(#-&@S&#1;D(4&$$<(&'79;D(2"@<'<'@7'(&%"3&$7'(?<9%"'&%K"#;(Z5BO;[D(?"2&#1;D(
;$1%&#1;D(&%"3&$7'(97-&'79;D(%1;7#(&'79;D(&@72?&$7'(97-&'79;D(31$?"R<2?1#"@;D(&#9(@16"C@>'";&#*(
E?1(&##>&@(&61%&C1('"#'1#$%&$7"#;("4($?1;1('"32">#9;(&%1(@7;$19(7#(E&K@1(,*/-d*((B#&@<;1;("4(
'"@@"'&$19(9&$&(;?"I19($?1('"3K7#19(;&32@7#C(&#9(&#&@<;7;(2%"'19>%1;(I1%1(&;(2%1'7;1(&;($?1(
"$?1%(2&%&31$1%;(31&;>%19(I7$?($?1(EM=(Z&;(91;'%7K19(7#(=1'$7"#(.*,*/[*((B##>&@(&61%&C1;(4"%(
=&#(073&;(I1%1(K&;19("#(9&$&(4"%($?1(;1'"#9(&#9($?7%9(21%7"9;("#@<(K1'&>;1($?1(;&32@1;(4"%($?1(
47%;$(21%7"9(I1%1(7#6&@79&$19*((=7C#747'&#$(;1&;"#&@(&#9(;2&$7&@(6&%7&$7"#;(I1%1(16791#$(7#($?1(9&$&*((
E?1(&61%&C1('"#'1#$%&$7"#;(9>%7#C($?1($?7%9(21%7"9D()"613K1%k01'13K1%D(I1%1($I"($"($?%11(
$731;(?7C?1%($?&#(&61%&C1('"#'1#$%&$7"#;(9>%7#C($?1(47%;$(&#9(;1'"#9(21%7"9;*(()"613K1%k
01'13K1%(/++b(I&;($?1(21%7"9(I7$?($?1(?7C?1;$(3"#$?@<(58T*b(3&;;(7#($?1(17C?$-<1&%(;$>9<(
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21%7"9*((U"%(3&#<("4($?1('"32">#9;D(4761-($"($1#-4"@9(;2&$7&@(6&%7&$7"#;(7#($?1(&##>&@(
'"#'1#$%&$7"#;(I1%1("K;1%619(7#($?1(<1&%-@"#C(9&$&(;1$*(((
(
B(;">%'1(&22"%$7"#31#$(&#&@<;7;(I&;('"#9>'$19(K<(8&#'?1;$1%-)11;67C(1$(&@*(ZTaa.[(>;7#C($?1(
3"@1'>@&%-3&%S1%(;">%'1(&22"%$7"#31#$(3"91@(9161@"219(K<(='?&>1%(1$(&@*(Z/++c[(&#9(='?&>1%(
&#9(!&;;(ZTaaa[*((E?1(31&;>%19('"#'1#$%&$7"#;(4"%(1&'?(21%7"9(I1%1(>;19(7#($?1(3"91@($"(
1;$73&$1($?1(2%73&%<(;">%'1('"#$%7K>$7"#;($"(58/aD(Y!D(&#9(58/a(3&;;*((E?1(1;$73&$19(;">%'1(
'"#$%7K>$7"#;($"(58/a(3&;;(&%1(;?"I#(7#(E&K@1(,*/-+(&#9(U7C>%1(,*/-Tb(4"%(;7R(732"%$&#$($<21;("4(
&7%(2"@@>$7"#(;">%'1;*((E?1(;">%'1($<21;($?&$('">@9(K1(97;$7#C>7;?19(I7$?($?7;(2&%$7'>@&%(9&$&(;1$(
7#'@>919(C&;"@7#1-2"I1%19(3"$"%(61?7'@1(1R?&>;$D(971;1@(61?7'@1(1R?&>;$D(I""9(;3"S1D(
61C1$&$761(91$%7$>;D($7%1(I1&%D(&#9(#&$>%&@(C&;('"3K>;$7"#*((G1-;>;21#919(%"&9(9>;$(Z4%"3(2&619(
&#9(>#2&619(%"&9;[(&#9(31&$('""S7#C(;3"S1(I1%1(&@;"(791#$74719(K>$('">@9(#"$(K1(%1@7&K@<(
Q>&#$74719*((J1'&>;1(2&619(&#9(>#2&619(%"&9(9>;$;(&%1(732"%$&#$(;">%'1;("4(58/a(&#9(I1%1(#"$(
7#'@>919(7#($?1(3"91@D($?1(3"91@(1;$73&$1;('">@9(#"$(&22"%$7"#(/aan("4($?1(58/a(
'"#'1#$%&$7"#;*((=1&;"#&@(6&%7&$7"#(7#($?1(C&;"@7#1(61?7'@1('"#$%7K>$7"#(I&;('"32&%19($"($?1(
971;1@(61?7'@1('"#$%7K>$7"#*((f&;"@7#1(&#9(971;1@(61?7'@1;(I1%1(1;$73&$19($"('"#$%7K>$1(&K">$(/bn(
&#9(dbnD(%1;21'$761@<D("4($?1(61?7'@1(1R?&>;$(58/a(7#(;>331%(&#9(4&@@*((F#(I7#$1%(&#9(1&%@<(
;2%7#CD($?1(C&;"@7#1(61?7'@1(21%'1#$&C1(7#'%1&;19($"(&K">$(,bn*((E?1(;1&;"#&@(97441%1#'1(I&;(
?<2"$?1;7V19($"(K1(9>1($"(?7C?1%('"@9-;$&%$(58(137;;7"#;(7#(I7#$1%($?&#(7#(;>331%D(&;(;11#(7#(
9<#&3"31$1%($1;$("4(@7C?$-9>$<(61?7'@1;(7#(01#61%D(!"@"%&9"(Z!&9@1(1$(&@*(/+++[*((B#"$?1%(
#"$&K@1(41&$>%1(I&;($?1(@&%C1%(I""9(;3"S1('"#$%7K>$7"#(7#(4&@@(&#9(I7#$1%D('"32&%19($"(;>331%D(
>;7#C(@1>'"C@>'";&#(&;(&(I""9(;3"S1(3&%S1%*((

4.1.1.4.3. Carbon Monoxide 

!"#$7#>">;('&%K"#(3"#"R791(Z!Y[(&#&@<V1%;(I1%1(7#;$&@@19(7#(Taaa(7#(&@@(!O=('"33>#7$71;(
1R'12$(B@27#1*((0&$&(;>7$&K@1(4"%(&;;1;;7#C(@"#C-$1%3(&61%&C1('"#'1#$%&$7"#;(I1%1(&6&7@&K@1(7#(
B$&;'&91%"D(=&#$&(8&%7&D(A"32"'D(A&#'&;$1%D(&#9(A"#C(J1&'?(7#(Taaa(&#9(7#(//(!O=(
'"33>#7$71;(7#(Taa/*((U7C>%1(,*/-Tc(97;2@&<;(&##>&@(&61%&C1(ZT,-?%[(!Y('"#'1#$%&$7"#;*((
A"32"'(&#9(A&S1(B%%"I?1&9(?&9(@"I1%(!Y(@161@;(Za*/($"(a*T(223[('"32&%19($"(&@@("$?1%(
'"33>#7$71;(I?7@1(A"#C(J1&'?(&#9(f@1#9"%&(?&9(?7C?1%(!Y(@161@;(Za*e($"(a*d(223[("#(&#(
&##>&@(K&;7;*((E?1;1(&%1(&@;"($?1('"33>#7$71;(I7$?($?1(@"I1;$(&#9(?7C?1;$($%&447'(6"@>31;*((E?1(
"$?1%('"33>#7$71;(?&9(3"91%&$1(&##>&@(!Y(@161@;("4(a*.($"(a*b(223*(
(
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4.1.3. Characterization of Traffic and Exposures to Motor-Vehicle-
Related Pollutants 
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Annual Average at Outlying CHS Sitess
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PM2.5 Mass
Annual Average at Outlying CHS Sites
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PM2.5 Nitrate
Annual Average at Outlying CHS Sites
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PM2.5 Organic Matter
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0.0

4.5

9.0

13.5

18.0
1

9
9

4

1
9

9
5

1
9

9
6

1
9
9

7

1
9
9

8

1
9

9
9

2
0

0
0

2
0
0

1

C
o

n
c

e
n

tr
a
ti

o
n

 (
u

g
/m

3
)

Atascadero

Santa Maria

Lompoc

Lancaster

Lake Elsinore

Alpine

(((

PM2.5 Elemental Carbon
Annual Average at Outlying CHS Sites

0.0

0.4

0.8

1.2

1.6

2.0

1
9

9
4

1
9
9

5

1
9
9

6

1
9

9
7

1
9

9
8

1
9
9

9

2
0
0

0

2
0

0
1

C
o

n
c

e
n

tr
a
ti

o
n

 (
u

g
/m

3
)

Atascadero

Santa Maria

Lompoc

Lancaster

Lake Elsinore

Alpine

(
Annual Average at SoCAB CHS Sites

0.0

4.5

9.0

13.5

18.0

1
9

9
4

1
9
9

5

1
9
9
6

1
9
9
7

1
9

9
8

1
9

9
9

2
0
0
0

2
0
0
1

C
o

n
c

e
n

tr
a
ti

o
n

 (
u

g
/m

3
)

Lake

Arrowhead

San Dimas

Upland

Mira Loma

Riverside

Long Beach

((

Annual Average at SoCAB CHS Sites

0.0

0.4

0.8

1.2

1.6

2.0

1
9
9
4

1
9
9

5

1
9
9
6

1
9

9
7

1
9
9
8

1
9
9
9

2
0
0

0

2
0
0
1

C
o

n
c

e
n

tr
a
ti

o
n

 (
u

g
/m

3
)

Lake

Arrowhead

San Dimas

Upland

Mira Loma

Riverside

Long Beach

(
(

H.93#$!>M=Y_M!E$8%)#&-!*#$/'!./!&//3&-!&7$#&9$!"<@MN!)#9&/.4!&/'!$-$8$/*&-!4&#F)/!4)/4$/*#&*.)/2!(#)8!=\\>Y@AA=M!

( +c



(

Nitric Acid
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0

1

2

3

4

5

6

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
p

b
)

(

Formic Acid
Annual Average at Outlying CHS Sites

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
p

b
)

(

Acetic Acid
Annual Average at Outlying CHS Sites

0

1

2

3

4

5

6

7

8

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
p

b
) Atascadero

Santa Maria

Lompoc

Lancaster

Lake Elsinore

Alpine

(
(

Annual Average at SoCAB CHS Sites

0

1

2

3

4

5

6

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
p

b
)

(

Annual Average at SoCAB CHS Sites

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
p

b
)

(

Annual Average at SoCAB CHS Sites

0

1

2

3

4

5

6

7

8

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

C
o

n
c

e
n

tr
a

ti
o

n
 (

p
p

b
)

Lake

Arrowhead

San Dimas

Upland

Mira Loma

Riverside

Long Beach

(
(

H.93#$!>M=Y\M!E$8%)#&-!*#$/'!./!&//3&-!&7$#&9$!/.*#.4?!()#8.4?!&/'!&4$*.4!&4.'!4)/4$/*#&*.)/2!(#)8!=\\>Y@AA=M!

( +e



(

Alpine Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Atascadero Daily Maximum Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lancaster Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Long Beach Daily Maximum Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lk. Arrowhead Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

LIG

LJG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:
Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lk. Elsinore Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lompoc Daily Maximum Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Mira Loma Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

LIG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

San Dimas Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

LIG

LJG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Santa Maria Daily Maximum Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

UC Riverside Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

LIG

LJG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Upland Daily Maximum Ozone

G

HG

IG

JG

KG

LGG

LHG

LIG

LJG

M"A 307 )"/ "6/ )"N M&A M&2 "&' #06 9:. A9C B0:

Month

O
z
o

n
e
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

(
(

U7C>%1(,*/-/a*(8"#$?@<(&61%&C1("V"#1(9&7@<(/-?%(3&R73>3('"#'1#$%&$7"#;(4"%(/++,($?%">C?(Taa/*(

( +d



(

Alpine Daily 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Atascadero 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lancaster 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH
Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

N

Long Beach 24-Hr Avg. NO2

G

LP

*G

IP

JG

QP

L H * I P J Q K O LG LL LH
Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lk. Arrowhead 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

L H * I P J Q K O LG LL LH
Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lk. Elsinore 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lompoc 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

L H * I P J Q K O LG LL LH
Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Mira Loma 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

San Dimas 24-Hr Avg NO2

G

LP

*G

IP

JG

QP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Santa Maria 24-Hr Avg. NO2

G

P

LG

LP

HG

HP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

UC Riverside 24-Hr. Avg. NO2

G

LP

*G

IP

JG

QP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Upland 24-Hr. Avg. NO2

G

LP

*G

IP

JG

QP

L H * I P J Q K O LG LL LH

Month

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

(

H.93#$!>M=Y==M!<)/*+-:!@>Y+#!&7$#&9$!LJ@!4)/4$/*#&*.)/2!()#!=\\>Y@AA=M!

( ++



(

!

(

(

Alpine 24-Hr Avg.  NO(

G(
L(
H(
*(
I(
P(
J(

L( H ( * ( I( P( J( Q( K( O( LG( LL( LH(
M o n th (

NO (pp b)(

L OO I

L OO P

L OO J

L OO Q

L OO K

L OO O

H GG G

H GG L

Atascad ero 24-Hr Avg . NO(

G (
P (
LG (
LP (
HG (
HP (
*G (
*P (
IG (

L( H( *( I( P( J( Q( K( O( LG( LL( LH(
M on t h(

NO (pp b)( L OO I

L OO P

L OO J

L OO Q

L OO K

L OO O

H GG G

H GG L

L an caster 24-Hr Avg.  N O(

G (
LG (
HG (
*G (
IG (
PG (
JG (

L( H( *( I( P( J( Q( K( O( LG ( LL( LH(
M o n th (

NO (pp b)(
L OO I

L OO P

L OO J

L OO Q

L OO K

L OO O

H GG G

H GG L

L on g Beach  24-Hr Avg . NO(

G (
HG (
IG (
JG (
KG (
LG G(
LH G(
LI G(
LJ G(

L( H ( *( I( P( J( Q( K ( O( LG( LL ( LH(
M on th (

NO  (pp b)( L OO I

L OO P

L OO J

L OO Q

L OO K

L OO O

H GG G

H GG L

L k. Arro wh ead 24-Hr Avg . NO

G

L

H

*

I

P

J

Q

L H * I P J Q K O LG LL LH
M o n th

NO (pp b)

L OO I

L OO P

L OO K

H GG G

H GG L

L k. E lsino re 24-Hr Avg.  NO

G

P

L G

L P

H G

H P

* G

* P

I G

L H * I P J Q K O LG L L L H

M o nt h

NO  (p pb )

LO OI (
LO OP (
LO OJ (
LO OQ (
LO OK (
LO OO (
HG GG (
HG GL (

Lo mpo c 2 4-Hr Avg .  NO

G

L

H

*

I

P

J

Q

L H * I P J Q K O LG LL L H
Mo n th

NO (pp b)

L OO I

L OO P

L OO J

L OO Q

L OO K

L OO O

H GG G

H GG L

Mira Lo ma 24 -H r Avg .  NO

G

H G

I G

J G

K G

LG G

LH G

L H * I P J Q K O LG LL LH

M o n th

NO (pp b) LO OI (
LO OP (
LO OJ (
LO OQ (
LO OK (
LO OO (
HG GG (
HG GL (

San  Dimas and  G len do ra 24-Hr Avg NO

G

HG

IG

JG

KG

L GG

L HG

L H * I P J Q K O LG LL LH
M on th

NO (p pb )

LO OI

LO OP

LO OJ

LO OQ

LO OK

LO OO

HG GG

HG GL

Santa M aria 24-Hr Avg . NO

G(

P(

LG (

LP (

L H * I P J Q K O LG LL LH

M on t h

NO (pp b)
L OO I

L OO P

L OO J

L OO Q

L OO K

L OO O

H GG G

H GG L

U C Riverside  24-Hr . Avg.  NO

G (
LG (
HG (
*G (
IG (
PG (
JG (

L H * I P J Q K O L G LL L H

M o nt h

NO (pp b)

LO OI

LO OP

LO OJ

LO OQ

LO OO

HG GG

HG GL

Up lan d 24-Hr.  Avg . NO

G(
P(

L G(
L P(
H G(
H P(
* G(
* P(
I G(

L H * I P J Q K O LG LL LH
M o nt h

NO (p pb )
LO OI

LO OP

LO OJ

LO OQ

LO OK

LO OO

HG GG

HG GL

@A #& 33 -: -0A .$R " ." $
;79C0 $ 2-) -. $9 3 $
R0 .0: .-9A $

(
(

H.93#$!>M=Y=@M(<)/*+-:!@>Y+#!&7$#&9$!LJ!4)/4$/*#&*.)/2!()#!=\\>!*+#)39+!@AA=M(

( /aa



(

Atascadero

G

P

LG

LP

HG

HP

G L H * I P J Q K O LG LL LH L*

Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Santa Maria

G

P

LG

LP

HG

HP

G L H * I P J Q K O LG LL LH L*

Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lompoc

G

P

LG

LP

HG

HP

G L H * I P J Q K O LG LL LH L*

Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lancaster

G

P

LG

LP

HG

HP

G H I J K LG LH LI

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

San Dimas

G

LG

HG

*G

IG

PG

JG

G L H * I P J Q K O LG LL LH L*

Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Upland

G

LG

HG

*G

IG

PG

JG

G L H * I P J Q K O LG LL LH L*

Month

 (
u

g
/m

3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Long Beach

G

LG

HG

*G

IG

PG

JG

G L H * I P J Q K O LG LL LH L*

Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Mira Loma

G

LG

HG

*G

IG

PG

JG

G H I J K LG LH LI

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Riverside

G

LG

HG

*G

IG

PG

JG

G L H * I P J Q K O LG LL LH L*
Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lake Elsinore

G

LG

HG

*G

IG

PG

JG

G L H * I P J Q K O LG LL LH L*
Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lake Arrowhead

G

P

LG

LP

HG

HP

G L H * I P J Q K O LG LL LH L*
Month

(u
g

/m
3

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Alpine

G

P

LG

LP

HG

HP

G H I J K LG LH LI

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

(
(

H.93#$!>M=Y=KM(<)/*+-:!@>Y+#!&7$#&9$!"<@MN!4)/4$/*#&*.)/2!()#!=\\>!*+#)39+!@AA=M(

( /a/



(

Alpine 24-Hr. Avg. PM-10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Atascadero 24-Hr Avg. PM-10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
) LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lancaster 24-Hr Avg. PM-10

G

LG

HG

*G

IG

PG

JG

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

.m
3
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Long Beach 24-Hr Avg. PM-10 

G

LG

HG

*G

IG

PG

JG

QG

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
)

LOOI
LOOP

LOOJ
LOOQ
LOOK
LOOO

HGGG
HGGL

Lk. Arrowhead 24-Hr. Avg. PM-10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lk. Elsinore 24-Hr. Avg. PM-10

G

LG

HG

*G

IG

PG

JG

QG

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Lompoc 24-Hr. Avg. PM-10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
) LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Mira Loma 24-Hr. Avg. PM-10

G

HG

IG

JG

KG

LGG

LHG

LIG

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

San Dimas 24-Hr. Avg. PM-10

G

LG

HG

*G

IG

PG

JG

L H * I P J Q K O LG LL LH
Month

P
M

-1
0
 (

u
g

/m
3
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Santa Maria 24-Hr Avg. PM-10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
) LOOI

LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

UC Riverside 24-Hr Avg. PM-10

G

LG

HG

*G

IG

PG

JG

QG

KG

L H * I P J Q K O LG LL LH

Month

P
M

-1
0
 (

u
g

/m
3
) LOOI

LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Upland 24-Hr. Avg. PM-10

G

LG

HG

*G

IG

PG

JG

QG

KG

OG

LGG

L H * I P J Q K O LG LL LH
Month

P
M

-1
0
 (

u
g

/m
3
) LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

(
(

H.93#$!>M=Y=>M!<)/*+-:!@>Y+#!&7$#&9$!"<=A!4)/4$/*#&*.)/2!()#!=\\>!*+#)39+!@AA=M

( /aT



(

Alpine Average Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e
 (

p
p

b
)

LOO*
LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Atascadero Average Ozone

G

P

LG

LP

HG

HP

*G

*P

IG

IP

PG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e
 (

p
p

b
) LOO*

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lancaster Average Ozone

G

LG

HG

*G

IG

PG

JG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e
 (

p
p

b
) LOO*

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Long Beach Average Ozone

G

P

LG

LP

HG

HP

*G

*P

IG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e
 (

p
p

b
)

LOO*
LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lake Arrowhead Average Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

OG

LGG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e

 (
p

p
b

)

LOO*
LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lake Elsinore Average Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e
 (

p
p

b
) LOO*
LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lompoc Average Ozone

G

P

LG

LP

HG

HP

*G

*P

IG

IP

PG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e
 (

p
p

b
) LOO*

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Mira Loma Average Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e
 (

p
p

b
)

LOO*
LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

San Dimas* Average Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

OG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e

 (
p

p
b

)

LOO*
LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Santa Maria Average Ozone

G

P

LG

LP

HG

HP

*G

*P

IG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e

 (
p

p
b

)

LOO*

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

UC Riverside Average Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e

 (
p

p
b

) LOO*

LOOI
LOOP

LOOJ
LOOQ

LOOK
LOOO

HGGG
HGGL

Upland Average Ozone

G

LG

HG

*G

IG

PG

JG

QG

KG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

O
z
o

n
e

 (
p

p
b

) LOO*
LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

!

H.93#$!>M=Y=NM!07$#&9$!'.3#/&-!%#)(.-$!)(!)S)/$!()#!=\\>!*+#)39+!@AA=M!!E+$!24&-$2!7&#:!(#)8!2.*$!*)!2.*$M(

( /a.



(

Alpine Average Nitrogen Dioxide

G

P

LG

LP

HG

HP

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
) LOOI

LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Atascadero Average Nitrogen Dioxide

G

P

LG

LP

HG

HP

*G

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
) LOOI

LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lancaster Average Nitrogen Dioxide

G

P

LG

LP

HG

HP

*G

*P

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI

LOOP
LOOJ

LOOQ
LOOK

LOOO
HGGG

HGGL

Long Beach Average Nitrogen Dioxide

G

LG

HG

*G

IG

PG

JG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lk Arrowhead Average Nitrogen Dioxide

G

H

I

J

K

LG

LH

LI

LJ

LK

HG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lake Elsinore Average Nitrogen Dioxide

G

P

LG

LP

HG

HP

*G

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lompoc Average Nitrogen Dioxide

G

L

H

*

I

P

J

Q

K

O

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI
LOOP

LOOJ
LOOQ
LOOK
LOOO

HGGG
HGGL

Mira Loma Average Nitrogen Dioxide

G

P

LG

LP

HG

HP

*G

*P

IG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

San Dimas* Average Nitrogen Dioxide

G

LG

HG

*G

IG

PG

JG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
) LOOI

LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Santa Maria Average Nitrogen Dioxide

G

H

I

J

K

LG

LH

LI

LJ

LK

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

UC Riverside Average Nitrogen Dioxide

G

P

LG

LP

HG

HP

*G

*P

IG

IP

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Upland Average Nitrogen Dioxide

G

LG

HG

*G

IG

PG

JG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

2
 (

p
p

b
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

(
(

H.93#$!>M=Y=`*(07$#&9$!'.3#/&-!%#)(.-$!)(!LJ@!()#!=\\>!*+#)39+!@AA=M!!E+$!24&-$2!8&:!7&#:!(#)8!2.*$!*)!2.*$M(

( /a,



(

Alpine Average Nitrogen Oxide

G

L

H

*

I

P

J

Q

K

O

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI
LOOP
LOOJ
LOOQ

LOOK
LOOO
HGGG
HGGL

Atascadero Average Nitrogen Oxide

G

P

LG

LP

HG

HP

*G

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

) LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lancaster Average Nitrogen Oxide

G

P

LG

LP

HG

HP

*G

*P

IG

IP

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI

LOOP
LOOJ

LOOQ
LOOK

LOOO
HGGG

HGGL

Long Beach Average Nitrogen Oxide

G

HG

IG

JG

KG

LGG

LHG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lk Arrowhead Average Nitrogen Oxide

G

GSP

L

LSP

H

HSP

*

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

) LOOI

LOOP

LOOO

HGGG

HGGL

Lake Elsinore Average Nitrogen Oxide

G

P

LG

LP

HG

HP

*G

*P

IG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lompoc Average Nitrogen Oxide

G

P

LG

LP

HG

HP

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Mira Loma Average Nitrogen Oxide

G

LG

HG

*G

IG

PG

JG

QG

KG

OG

LGG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI

LOOP

LOOJ

LOOQ

LOOO

HGGG

HGGL

San Dimas and Glendora Average Nitrogen Oxide

G

HG

IG

JG

KG

LGG

LHG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

) LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Santa Maria Average Nitrogen Oxide

G

H

I

J

K

LG

LH

LI

LJ

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI

LOOP

LOOJ
LOOQ

LOOK

LOOO

HGGG

HGGL

UC Riverside Average Nitrogen Oxide

G

LG

HG

*G

IG

PG

JG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI

LOOP

LOOJ

LOOO

HGGG

HGGL

Upland Average Nitrogen Oxide

G

LG

HG

*G

IG

PG

JG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

N
O

 (
p

p
b

)

LOOI
LOOP
LOOJ
LOOQ

LOOK
LOOO
HGGG
HGGL

(

H.93#$!>M=Y=^M!07$#&9$!'.3#/&-!%#)(.-$!)(!LJ!()#!=\\>!*+#)39+!@AA=M!!E+$!24&-$2!7&#:!(#)8!2.*$!*)!2.*$M(

( /ab



(

Alpine Average PM10

G

P

LG

LP

HG

HP

*G

*P

IG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
) LOOI

LOOP
LOOJ
LOOQ

LOOK
LOOO
HGGG
HGGL

Atascadero Average PM10

G

P

LG

LP

HG

HP

*G

*P

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lancaster Average PM10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

PG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
)

LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Long Beach Average PM10

G

LG

HG

*G

IG

PG

JG

QG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lake Arrowhead Average PM10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

PG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
) LOOI

LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lake Elsinore Average PM10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

PG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0

 (
u

g
/m

3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Lompoc Average PM10

G

P

LG

LP

HG

HP

*G

*P

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Mira Loma Average PM10

G

HG

IG

JG

KG

LGG

LHG

LIG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

San Dimas* Average PM10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

PG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0

 (
u

g
/m

3
) LOOI

LOOP

LOOJ

LOOQ

LOOK

LOOO

HGGG

HGGL

Santa Maria Average PM10

G

P

LG

LP

HG

HP

*G

*P

IG

IP

PG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
) LOOI

LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

UC Riverside Average PM10

G

LG

HG

*G

IG

PG

JG

QG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)

P
M

1
0
 (

u
g

/m
3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

Upland Average PM10

G

LG

HG

*G

IG

PG

JG

QG

KG

G H I J K

L
G

L
H

L
I

L
J

L
K

H
G

H
H

Hour (PST)
P

M
1
0
 (

u
g

/m
3
)

LOOI
LOOP
LOOJ
LOOQ
LOOK
LOOO
HGGG
HGGL

(
(

H.93#$!>M=Y=_*(07$#&9$!'.3#/&-!%#)(.-$!)(!"<=A!()#!=\\>!*+#)39+!@AA=M!!E+$!24&-$2!8&:!7&#:!(#)8!2.*$!*)!2.*$M(

( /ac



(

( /ae

(

G

HG

IG

JG

KG

LGG

LHG

G L H * I P J Q K O LG LL LH L* LI LP LJ LQ LK LO HG HL HH H* HI

49&/$%>1T+

,
5
$%
6
6
7
+

1"A$R-)"#$LOOP

1"A$R-)"#$LOOJ

U20AB9/"$LOOP

U20AB9/"$LOOJ

(

H.93#$!>M=Y=\*(07$#&9$!'.3#/&-!%#)(.-$!)(!LJ!./!=\\N!&/'!=\\`!8$&23#$'!&*!*+$!U&/!B.8&2!&/'!T-$/')#&!&.#!
8)/.*)#./9!2*&*.)/2!./!*+$!4)883/.*:!)(!U&/!B.8&2M(((



(

E&F-$!>M=Y^M(0//3&-!&7$#&9$!4)/4$/*#&*.)/2!W/9P8K
X!)(!$-$8$/*2!8$&23#$'!F:!f1H!./!,QU!4)883/.*.$2!./!@AA=M(

(5&C1(/("4(T(

!"33>#7$<(
H@131#$( AY0&

B$&;'&91%"(
=&#$&(
8&%7&(

A"32"' A&#'&;$1%
A"#C(
J1&'?(

f@1#9"%& :2@&#9(
87%&(
A"3&(

G761%;791
A&S1(
H@;7#"%1

A&S1(
B%%"I?1&9

B@27#1

)&( yy( /++*e, T+T*T, Td.*+T ///*bd T.a*aT /dc*c+ /ce*ec /bT*,b /+T*cd /db*+c /ba*ba T,a*eT

8C( yy( .c*/e b/*c/ b.*,+ .+*ac ca*cc ,c*+T .T*., ,b*/d bc*bT .+*,d .d*/. .e*Te

B@( (,*b T.*e/ T/*,e /,*da ,b*+d .a*Te .c*., .c*,c bT*da .c*/, ,b*c. .T*b+ ./*/,

=7( (T*d ++*c+ d/*+a ,,*/T /,b*/, e+*+/ /a,*b+ /ad*// /db*eT //+*bc /,e*ec +/*,T de*.b

5( (T*b /*a, /*,. T*.T a*bd /*d. a*ea /*Td /*ca a*e/ a*Te /*cT a*.+

=( (T*T ,ca*,e ebT*.T b+a*Te b//*bT /,+a*/ /..d*, /T./*a //+b*c /a+d*, /aba*, b.c*d, +T+*d.

!@( (,*b T.*bb Td*d+ be*,b d*/, ///*db //*be b+*/a Tea*bc ,.*ba /e*bd /*ea /a*c.

P( (T*e da*cT bd*bb ,,*b/ d,*d/ +,*.a /e/*ed //c*de /b,*dT dd*/, /a/*eb ,,*/T ba*bc

!&( (T*a .b*ae .b*,. Tc*ca b.*c. ,c*+a ,c*de c.*ba /b+*/e cd*/a ,c*dd .a*ac .,*+,

E7( (/*. /*+, /*cd a*c+ b*a. e*cd d*e, b*dc d*.. ,*dd ,*c, T*,c ,*/.

h( (/*/ a*b, /*.a /*a. a*d/ /T*++ b*./ ,*/+ b*T. .*+/ .*,c /*// ,*/,

!%( (a*d a*/. a*/e a*/b a*./ /*Td a*+, a*de a*da a*.d a*bT a*.T a*bb

8#( (a*e /*a, a*+a a*,a T*Td .*., .*cd ,*e. b*++ .*/b T*b+ /*d, /*ed

U1( (a*e bT*/b ,a*ed /e*ea /a/*.. //b*be /ac*ca /,b*e+ /de*Ta /T+*aT +b*c, ba*b/ c.*Td

!"( (a*, a*T+ a*Td a*/e a*,e a*e+ a*ce a*da /*a/ a*e+ a*b+ a*.a a*.e

)7( (a*, a*bT a*e+ a*e. a*ba ,*ba T*.a T*Te T*.+ /*d+ /*,d a*b. /*ed

!>( (a*b .*Te ,*T, .*., ,*ce c*dc c*,. e*d. c*.b ,*bc ,*/+ /*,T T*/e

W#( (a*b c*,T c*a. ,*/T d*eb Tc*cb T,*T. ..*a. Td*bb /c*aa //*,, e*/a e*cd

f&( (a*d a*Te a*// a*Ta a*Te a*TT a*.e a*., a*T. a*Te a*Te a*,b a*./

B;( (a*e a*be a*.. a*T+ a*,d a*be a*.T a*c, /*aT a*., a*e, a*.d a*.b

=1( (a*b a*,e a*b+ a*,. a*,b a*+a .*cd T*aa a*dc a*d/ /*// a*T+ a*.T

J%( (a*, T*,e T*,e T*bT .*Te b*be c*/a b*+a c*+e b*,b ,*ee .*/. .*,T

GK( (a*, a*.T a*.c a*.. a*,a a*., a*Td a*.e a*,, a*.b a*.d a*Td a*.T

=%( (a*b a*ea a*+T a*ca /*b. /*+b .*,a T*/d T*db /*c+ /*ad a*d, a*+e

w( (a*c a*b/ a*bc a*bd a*b/ a*,T a*b+ a*ba a*,. a*ba a*ba a*,c a*,/

W%( (a*d a*cd a*e+ a*d. a*+b a*da a*da a*+. /*a, /*ac a*dT a*cb a*+c

8"( (/*T /*.c /*.+ /*ab /*,T /*cc /*+T /*e. /*.+ /*/+ /*T, /*,. /*.e

59( (,*+ a*.d a*.b a*,+ a*b+ a*T, a*Tc a*.+ a*T+ a*.. a*be a*.e a*.T

BC( (b*, a*d+ /*., a*d+ a*+d a*e+ a*eb a*,, a*ec a*ce a*bT a*cd a*,T

!9( (b*, a*+/ a*dd a*c, a*ec a*,T /*a. a*c. /*a/ a*d, a*.b a*.T a*.a

( /ad



(

E&F-$!>M=Y^M!0//3&-!&7$#&9$!4)/4$/*#&*.)/2!W/9P8
K
X!)(!$-$8$/*2!8$&23#$'!F:!f1H!./!,QU!4)883/.*.$2!./!@AA=M!

(5&C1(T("4(T(

!"33>#7$<(
H@131#$( AY0&

B$&;'&91%"(
=&#$&(
8&%7&(

A"32"' A&#'&;$1%
A"#C(
J1&'?(

f@1#9"%& :2@&#9(
87%&(
A"3&(

G761%;791
A&S1(
H@;7#"%1

A&S1(
B%%"I?1&9

B@27#1

F#( (b*d /*.. a*e/ /*aT /*.T /*,/ a*d/ a*+T /*e/ a*b+ a*b, /*ab /*a/

=#( (e*c /*Te a*b/ /*,a T*TT ,*.a +*d+ e*,+ .*aT T*cc /*// /*dT /*d.

=K( (d*a T*a. T*c, T*ad .*Tb T*bc ,*/e .*,+ .*,. T*d/ T*,e T*db .*,T

J&( (T.*T /.*da /d*/e /a*e/ /,*.e /c*ba Ta*+a T/*aT /c*/+ /+*ed /T*ec /a*e+ d*+e

A&( (Te*c /e*b, +*d, /e*+T /.*,+ +*T. +*./ //*Tb /a*b. /a*Te //*,, /,*.T //*db

B>( (/*, a*T+ a*,d a*,b a*ba a*.e a*bb a*.c a*./ a*.T a*.. a*e, a*bT

OC( (/*T a*b, a*ba a*,. a*ea a*.e a*,a a*,T a*.T a*.+ a*,. a*.T a*,/

E@( (/*/ a*T, a*.c a*,/ a*Tb a*.+ a*.e a*b/ a*.d a*T+ a*./ a*.. a*be

5K( (/*. T*aa T*aa /*T. .*a, c*ae +*,c d*eT c*bT b*bb ,*/e T*,/ .*+b

:( (/*a a*c+ a*e, a*ea a*c, a*,c a*c, a*ea a*b, a*d/ a*,. a*bT a*d/

(
&((AY0(7;($?1(&#&@<$7'&@(@737$("4(91$1'$7"#*((E?1(;?&919(&##>&@(&61%&C1('"#'1#$%&$7"#;(&%1(K1@"I($?1(AY0*(

( /a+



(

E&F-$!>M=Y_M(0//3&-!&7$#&9$!4)/4$/*#&*.)/!W/9P8K
X!)(!)#9&/.4!4)8%)3/'2!./!&8F.$/*!"<=A!./!=\\N!./!,QU!4)883/.*.$2M!

5&C1(/("4(b(

,)8%)3/'!! 0*&24&'$#)
U&/*&

<&#.&
G)8%)4 G&/4&2*$#

G&C$!

0##)D+$&'!

U&/!

B.8&2Z
O%-&/'

<.#&

G)8&
1.7$#U.'$

G)/9

5$&4+

G&C$!

6-2./)#$
0-%./$!

! 0-C&/$2!

E$*#&4)2&/$! T*+b( ( ( ( ( ( ( ( ( ( ( (T*,d /*T+ /*+T T*/e T*d+ ,*/b T*+T .*/T b*ae T*T+ T*a,

"$/*&4)2&/$! /*+d( ( ( ( ( ( ( ( ( ( ( (/*.. a*,c T*ab a*d/ .*eT .*bT .*+a .*Te b*+d T*/d /*,e

Q$I&4)2&/$! /*cb( ( ( ( ( ( ( ( ( ( ( (/*bT a*bT /*d+ a*cb ,*T, .*T/ .*cc ,*ad c*ab /*d. /*T.

Q$%*&4)2&/$! T*cc( ( ( ( ( ( ( ( ( ( ( (T*// a*dd T*T, /*T/ ,*ab ,*/T b*ad b*Tc b*.c T*ea T*T+

J4*&4)2&/$! /*b+( ( ( ( ( ( ( ( ( ( ( (/*+a a*ed /*+e a*+c .*Tb T*de ,*a/ ,*b+ ,*bT /*c+ /*b+

L)/&4)2&/$! b*.,( ( ( ( ( ( ( ( ( ( ( (,*aa /*cb ,*a/ T*.T b*ca c*./ +*,a e*ed b*c/ ,*ee ,*.e

E#.&4)/*&/$! /*aa( ( ( ( ( ( ( ( ( ( ( (/*/, a*b+ /*T, a*,/ /*dc T*a+ T*bd T*+e T*c/ /*/T a*d/

Q$/*#.&4)/*&/$! .*.a( ( ( ( ( ( ( ( ( (T*.. a*+d T*dT /*Ta .*+T ,*bc( //*T/ b*eT .*d/ .*aa T*/c

B)*#.&4)/*&/$! a*c/( ( ( ( ( ( ( ( ( ( (a*c. a*., a*d. )0( /*T. /*.d /*e. /*dT /*cc a*ea a*,c

E#.*#.&4)/*&/$! a*c.( ( ( ( ( ( ( ( ( ( (a*e, a*.a /*/b )0( /*.a /*c, T*,+ /*db /*da /*aT a*c+

E$*#&*#.&4)/*&/$! a*bc( ( ( ( ( ( ( ( ( ( (a*d, a*/d /*cc )0( a*,/ a*c+ /*ea /*+, T*/e /*a/ a*/e

E"$&@( ( (TT*Tb( T/*ee/+*aT e*++( +*e,( .T*,c( ,d*ea( ,T*,a.,*bb( ,,*cb( /e*TeTT*.a

! U&*3#&*$'!,:4-)&-C&/$2!

"$/*&'$4:-4:4-)+$I&/$! a*a,T( ( ( ( ( (a*a.c a*a/. a*abb a*aTd( (a*acc a*ac,( a*a.. a*ac/ a*ab. a*a., a*aT+

Q$I&'$4:-4:4-)+$I&/$! a*aed( ( ( ( ( ( ( (a*abb a*aT/ a*ad+ a*aTe a*ac/ a*a+/( a*ae/ a*aed a*ae. a*a., a*a..

Q$%*&'$4:-4:4-)+$I&/$! a*acb( ( ( ( ( ( ( (a*acb a*aT/ a*add a*a.T a*ada a*/aa( a*a+, a*adb a*//. a*a,, a*a.c

J4*&'$4:-4:4-)+$I&/$! a*a+e( ( ( ( ( ( ( (a*ae. a*aTb a*a+/ a*a.T a*/aa a*//c( a*/a+ a*ada a*/.c a*abT a*a.,

E"$&@( ( (a*Td/( a*.T,a*TTd a*ada( a*//+( a*.ad( a*.ac( a*.a,a*.ea( a*.eb( a*/.Ta*/c,

! 0-C&/).4!04.'2!

E$*#&'$4&/).4!&4.'!! c*c+( ( ( ( ( ( ( ( ( (,*+a T*eT ,*,/ .*ca( (c*c/ d*ce e*b+ b*b+ c*.e b*,d b*cb

"$/*&'$4&/).4!&4.'!! .*de( ( ( ( ( ( ( ( ( ( ( (T*dd /*ed T*eb T*,e ,*+e b*,T ,*c+ .*cT .*cc .*d/ .*++

Q$I&'$4&/).4!&4.'! ..*ad( ( ( ( ( ( ( (T.*., d*ca T/*c, b*,e ,d*e, dd*b,( c.*.e ..*ac ,e*,/ Ta*bc /d*+e

Q$%*&'$4&/).4!&4.'! T*d,( ( ( ( ( ( ( ( ( ( ( (T*a. /*ad T*Td /*,T .*d+ b*+, b*Te .*ae .*ba T*ba T*,,

J4*&'$4&/).4!&4.'! /b*e+( ( ( ( ( ( ( (/T*ac .*db /.*d, b*ae Te*e, bT*T/( /ac*ba T+*b, Tb*+T //*/b +*/b

L)/&'$4&/).4!&4.'! a*+.( ( ( ( ( ( ( ( ( ( ( (a*c/ a*Tb a*ec a*.b a*+T /*.a /*Td a*+b /*ae a*de a*+a

6.4)2&/).4!&4.'! T*ca( ( ( ( ( ( ( ( ( ( ( (/*,T a*c, /*da a*c+ T*// T*ee b*ab T*/d T*Td /*c, /*c+

Q$/$.4)2&/).4!&4.'! /*ae( ( ( ( ( ( ( ( ( ( ( (a*,+ a*Tb a*eT a*/e a*bb a*ed /*/b a*c, a*dc a*b, a*cc

B)4)2&/).4!&4.'! b*Td( ( ( ( ( ( ( ( ( ( ( (T*T/ /*/, T*++ a*ee T*a/ T*da b*,/ T*ad T*.. /*eT T*.T

(
o(=&#(073&;(;7$1(6&@>1;(&%1($?1(&61%&C1("4($?1(;1'"#9(&#9($?7%9(;&32@7#C(21%7"9;*(

( //a



(

E&F-$!>M=Y_M!0//3&-!&7$#&9$!4)/4$/*#&*.)/!W/9P8
K
X!)(!)#9&/.4!4)8%)3/'2!./!&8F.$/*!"<=A!./!=\\N!./!,QU!4)883/.*.$2M!

5&C1(T("4b(

,)8%)3/'!! 0*&24&'$#)
U&/*&

<&#.&
G)8%)4 G&/4&2*$#

G&C$!

0##)D+$&'!

U&/!

B.8&2Z
O%-&/'

<.#&

G)8&
1.7$#U.'$

G)/9

5$&4+

G&C$!

6-2./)#$
0-%./$!

! 0-C&/).4!04.'2!W4)/*./3$'X!

E#.4)2&/).4!&4.'! /*./( ( ( ( ( ( ( ( ( (a*b, a*T, a*dT a*/b( (a*ba a*e. /*c+ a*bb a*e+ a*ba a*d.

E$*#&4)2&/).4!&4.'! c*ca( ( ( ( ( ( ( ( ( ( ( (T*,. /*,a T*ea a*ea T*aa T*c/ b*d/ T*/c /*+, T*ad T*,,

"$/*&4)2&/).4!&4.'! a*b,( ( ( ( ( ( ( ( ( ( ( (a*Tb a*// a*,e a*/a a*TT a*., a*+T a*T+ a*Td a*.c a*.+

Q$I&4)2&/).4!&4.'! T*,,( ( ( ( ( ( ( ( ( ( ( (a*+c a*,a /*bb a*,T /*ae /*.b ,*b, /*/. a*da /*e, /*TT

Q$%*&4)2&/).4!&4.'! a*/b( ( ( ( ( ( ( (a*a. )0( a*T. a*a, a*ad( a*ad( a*c+ a*/. )0( a*/. a*/+

J4*&4)2&/).4!&4.'! a*eb( ( ( ( ( ( ( ( ( ( ( (a*,a a*/T /*aT a*T. a*,c a*b. ,*TT a*e/ a*,T a*+d a*ca

L)/&4)2&/).4!&4.'! )0( ( ( ( ( ( ( ( ()0 )0 a*/.( )0( a*aT a*a. /*T, a*ab )0( a*/a a*ab

E#.&4)/*&/).4!&4.'! a*,a( ( ( ( ( ( ( ( ( ( ( (a*/c a*a. a*eT a*// a*., a*.T +*+. a*bT a*/+ a*,. a*T+

E"$&@( ( (d,*.,( bd*d.b,*e/ TT*ca( T/*eb( /aT*T/( TT+*.,( dc*Te/e,*,. ( b/*ec+e*dT b,*bd

! 0-C$/).4!04.'2!

\YQ$I&'$4$/).4!&4.'! a*dbe( ( ( ( ( /*/be(/*,c. a*+/b a*+.b /*/,e( (a*... a*.eb( a*/db a*d/. a*/Tc a*,..

\?=@YJ4*&'$4&'.$/).4!&4.'! ( ( T( ( ( ( a*/cT(a*.++ a*ae, a*aTa a*., a*adb a*aT+( a*T+/ a*a/d a*a//)0( )0(

\YJ4*&'$4$/).4!&4.'! a*dde( ( a*++e( ( a*Td/( ( ( a*ba, ( (/*cTa /*Te. /*a+/ a*ba. /*aaa a*+Td a*./b /*.b+

E"$&@( T* T( .*/be ( (/, T*Tad( T*.T.T*Te.( a*c/,( /*/db( T*a./a*+ae( a*c,+( T*ce+a*ebd

! 1$2./!04.'2!

".8&#.4!&4.'! ( a*aba ( a*/.T( ( ( a*/aT ( a*/.T ( a*a,T(a*/d. a*aa+ a*a,c a*/e+ a*ab, a*a,.)0(

U&/'&#&4)%.8&#.4!&4.'! ( a*a/c a*a+d( ( ( ( ( ( (a*aec a*a/e a*a/. a*aca a*/ab a*aT+ a*a.,)0( )0 )0

;2)%.8&#.4!&4.'! a*/.d( )0( ( ( ( a*T+.( ( ( )0(a*/bd a*aba a*+TT a*//, a*/,+()0 )0( )0

B$+:'#)&F.$*.4!&4.'! /e*/.+( .*T./( ( .( ( +*ab.( ,*bcd( ( (b*/Te /a*.be /*ac b*bcd d*+ec /T*aeT T*+ca /*e/a

0F.$*.4!&4.'! a*aca( ( )0( ( ( )0( ( ( ( ( (a*ae+()0 )0 )0 )0 )0 )0 )0 )0

0F.$*&Y`?_?==?=K?=NY%$/*&$/Y=_Y).4!&4.'! a*,aa( ( ( /( ( a*bab a ( a*/,e( (a*/.c a*a/e a*.// a*aT a*/ca ( a*,T. *.db a*,,d a*a.e

0F.$*&Y_?==?=K?=NY*$*#&$/Y=_Y).4!&4.'! a*,c,( ( ( a*ae.( ( a*.cc( a*/TT( (a*/,+ a*a+c a*Tca a*T.+ a*b.c( a*bd, a*,dd a*adT

^YJI)'$+:'#)&F.$*.4!&4.'! .b*d,+( ( ( b*b,T( /,*ceb( /b*+bb( (/.*Tca /T*Ta+ /b*/., /.*T+d( T,*dad TT*ddd ./*bea d*,Ta

E"$&@( b,*.ae /b*bcT( c*d// Ta*TT/( ( (( Tc*bT+/d*e.+ ( /+*Tcb(( ..*+ad.b*.e, ,,*d/. /+*Tbc /a*,e.

(
o(=&#(073&;(;7$1(6&@>1;(&%1($?1(&61%&C1("4($?1(;1'"#9(&#9($?7%9(;&32@7#C(21%7"9;*(

( ///



(

E&F-$!>M=Y_M!0//3&-!&7$#&9$!4)/4$/*#&*.)/!W/9P8
K
X!)(!)#9&/.4!4)8%)3/'2!./!&8F.$/*!"<=A!./!=\\N!./!,QU!4)883/.*.$2M!

5&C1(.("4(b(

0*&24&'$#) G&/4&2*$#
&'!

O%-&/' 1.7$#U.'$
G&C$!

,)8%)3/'!!
U&/*&

<&#.&
G)8%)4

G&C$!

0##)D+$

U&/!

B.8&2Z

<.#&

G)8&

G)/9

5$&4+ 6-2./)#$
0-%./$!

! 0-C&/$'.).4!04.'2!

"#)%&/$'.).4!&4.'! T*TT( ( ( /*e/( ( ( ( ( ( ( ( (a*ec a*,, d*aT b*cc T*db /*/+ c*+e ,*Ta .*,b b*.T

53*&/$'.).4!&4.'! /e*+.( ( ( ( ( ( ( ( ( (/.*ba d*+b /T*cT T,*,, ,*,d e*/, d*++ Ta*/T .a*c. /T*./ /d*ca

<$*+:-F3*&/$'.).4!&4.'! b*aa( ( ( ( ( ( ( ( ( ( ( (,*e/ T*d/ ,*a, e*a+ .*/d T*c+ .*.a b*+b c*bT .*/+ b*b,

"$/*&/$'.).4!&4.'! /a*/.( ( ( ( ( ( ( ( ( ( (d*ba b*d/ e*+e /c*T, e*a/ e*bb b*c/ /a*/b /T*ad e*+c /a*c+

Q$I&/$'.).4!&4.'! ,*,c( ( ( ( ( ( ( ( ( ( ( (.*/T T*.c ,*.a c*c+ T*dd .*./ T*.b ,*cb .*,c .*.T ,*..

Q$%*&/$'.).4!&4.'! T*+.( ( ( ( ( ( ( ( ( ( ( (/*cd /*cb T*/e /*d+ a*d/ /*TT a*e+ /*c/ a*d+ /*/, /*cd

J4*&/$'.).4!&4.'! c*de( ( ( ( ( ( ( ( ( ( ( (.*+c .*a/ ,*ed ,*,b /*dc T*e/ T*e/ .*T+ /*e/ T*,c .*T,

L)/&/$'.).4!&4.'! /.*/.( ( ( ( ( ( ( ( ( ( ( (b*ed .*Te d*ae T*ca .*.c c*ea .*de ,*Te .*.T T*bd .*TT

E"$&@( ( (ca*,c( ,.*+b,/*Tc Te*de( c.*,a( T.*bd( Te*cT( ba*ab./*.T( bd*ca( ,e*.a.T*+c

! 0#)8&*.4!04.'2!

=?@Y5$/S$/$'.4&#F)I:-.4!&4.'! ,*/..( ( ( ( ( (/*+e, /*.d+ T*+dd d*/eT( (,*b,/ ,*ae.( .*/+. ,*b/, .*b/b .*a/a ,*cac

=?>Y5$/S$/$'.4&#F)I:-.4!&4.'! a*cbd( ( ( ( ( ( ( (a*eaa a*T+e a*bbb a*c+/ a*T+T a*.a.( a*.bd a*.da a*Tbc a*..d a*b/,

=?KY5$/S$/$'.4&#F)I:-.4!&4.'! a*,,+( ( ( ( ( ( ( (a*.db a*T.b a*.,/ a*c/c a*.TT a*Tde( a*Tbb a*.ee a*./+ a*T.. a*.b+

>Y<$*+:-Y=?@Y5$/S$/$'.4&#F)I:-.4!&4.'! /*,/c( ( ( ( ( ( ( (a*dcb a*,ea /*,db .*/be /*+Tc /*dbe( /*cea T*T/T /*,aT /*./, /*d/d

5$/S$/$*#.4&#F)I:-.4!&4.'2! a*,ed( ( ( ( ( ( ( (a*/+e a*/a, a*.a/ /*aa, /*acb a*c.e( a*//d a*b+a a*bT. a*cce a*+.a

E"$&@( ( (e*/.,( b*cea,*/Ta T*,+c( /.*c,a( d*/,e( b*b+b( d*ae.e*/be( c*a/b( d*TTdb*bcT

! Q)%&/$2!

@@?@\?KAYE#.2/)#+)%&/$! a*acc( ( ( ( ( ( ( (a*a,a a*a.e a*ad. a*a,c a*abc a*ace( a*a+c a*acd a*/Tb a*abb a*ab,

=^!WQX?@="WQX?@\YL)#+)%&/$! a*Tdb( ( ( ( ( ( ( (a*T,d a*/b/ a*.TT a*/cT a*.,a a*.b/( a*,d. a*.T+ a*b,. a*.// a*Tb.

=_!WQX?@\YL)#/$)+)%&/$! a*/aT( ( ( ( ( ( ( (a*a+T a*a,+ a*//a a*ab+ a*adc a*/TT( a*/.b a*/.+ a*/be a*/ad a*ada

=^!WQX?@="WQXYQ)%&/$! a*.,c( ( ( ( ( ( ( (a*.cT a*T/. a*,.a a*Tad a*b.e a*b.d( a*ce. a*,.b a*ea, a*,/T a*.a/

@@U?!=^!WQX?@="WQX?KAYQ)8)+)%&/$! a*/bT( ( ( ( ( ( ( (a*/b. a*ada a*/d, a*/eT a*/e+ a*TTT( a*Tdc a*Tab a*.ab a*/e+ a*/,T

@@1?!=^!WQX?@="WQX?KAYQ)8)+)%&/$! a*a+,( ( ( ( ( ( ( (a*/cb a*//b a*/cb a*ada a*/e. a*/eT( a*.ac a*TaT a*T+, a*/cc a*/,T

@@U?!=^!WQX?@="WQX?KA?K=Y5.2+)8)+)%&/$! a*abe( ( ( ( ( ( ( (a*adc a*a.. a*//T a*ac/ a*/ad a*/Td( a*/+. a*/.. a*TTT a*a+e a*ad/

@@1?!=^!WQX?@="WQX?KA?K=Y5.2+)8)+)%&/$! a*a,.( ( ( ( ( ( ( (a*abT a*aT/ a*a+d a*aTd a*acd a*ae.( a*/.d a*/a, a*/,, a*adb a*ae.

E"$&@( /*/,,( /*bab/*/+d a*eaa( a*d/c( /*b,e( T*./a( /*c/c/*ceT( T*,+.( /*/Te/*,/,( (

(
o(=&#(073&;(;7$1(6&@>1;(&%1($?1(&61%&C1("4($?1(;1'"#9(&#9($?7%9(;&32@7#C(21%7"9;*(
(

( //T



(

E&F-$!>M=Y_M!0//3&-!&7$#&9$!4)/4$/*#&*.)/!W/9P8
K
X!)(!)#9&/.4!4)8%)3/'2!./!&8F.$/*!"<=A!./!=\\N!./!,QU!4)883/.*.$2M!

5&C1(,("4(b(

,)8%)3/'!! 0*&24&'$#)
U&/*&

<&#.&
G)8%)4 G&/4&2*$#

G&C$!

0##)D+$&'!

U&/!

B.8&2Z
O%-&/'

<.#&

G)8&
1.7$#U.'$

G)/9

5$&4+

G&C$!

6-2./)#$
0-%./$!

! U*$#&/$2!

@A1cU?!N!WQX?=>"WQX?=^"WQXY,+)-$2*&/$! a*Tee( ( ( ( ( ( ( (a*Tde a*/Te a*.a, a*/ac a*.,b a*..,( a*,a. a*Tdd a*,ea a*TTT a*/+d

@A1?!N!WQX?=>!WQX?=^!WQXY,+)-$2*&/$! a*Tab( ( ( ( ( ( ( (a*/+a a*a+c a*T., a*ad. a*Tb/ a*Tba( a*.b+ a*T.+ a*.+a a*/dd a*/da

@A1cU?!N!WQX?=>"WQX?=^"WQXY6#9)2*&/$! a*/c+( ( ( b( ( ( ( (a*/e, a*ac/ a*/da a*ab a*TaT a*TT+( a*.a+ a*TTc a*.eb a*/eT a*/./

@A1cU?!N!WQX?=>"WQX?=^"WQXYU.*)2*&/$! a*Tcc( ( ( ( ( ( ( (a*Tec a*/T/ a*Tc. a*aed a*./b a*.//( a*,.e a*Tec a*b/T a*Ta/ a*/ee

E"$&@( a*+/e( ( (a*+Tc a*,ab( a*.T.a*+d/( /*//,( /*bad( /*a.a/*/T,( /*e,d( a*cdea*edT

! "0Q2!

H-3)#&/*+$/$! a*aea( ( ( a*a,T( ( ( ( (a*a+T a*aae a*a+/ a*/.T a*/b.( a*/ae a*//e a*/,/ a*aba a*a.d

04$%+$/&/*+#:-$/$! a*aa/( )0( ( ( ( ( ()0 a*aac( )0( a*aa, a*aac a*aae a*aac a*aa, a*aa, )0(

":#$/$! a*ac,( ( ( ( ( ( ( (a*ace a*aae a*a+d a*a.a a*/.+ a*/bd( a*/ad a*/ad a*/,. a*a,e a*a..

1$*$/$! a*cT,( )0( ( ( ( ( ( ( ()0 a*,,.( )0 )0 a*eTe a*c.d a*T,T a*dad )0

5$/S)g9+.h(-3)#&/*+$/$! a*a,/( ( ( ( ( ( ( (a*a., a*aa. a*acc )0( a*ae. a*a++ a*acb a*a,d a*ad/ a*aTd a*a/T

,:4-)%$/*&g4'h%:#$/$! a*a/a( )0( ( ( ( ( ()0 a*a/, a*aa, a*a/c( a*a/.( a*aTa a*aae a*aTd a*aac( a*aa,

5$/Sg&h&/*+#&4$/$! a*a/,( ( ( ( ( ( ( (a*a// a*aaa a*a.T a*a.e a*a.e a*a,a( a*ab+ a*a.a a*/db a*a/c a*aad

,+#:2$/$PE#.%+$/:-$/$! a*/a/( ( ( ( ( ( ( (a*aeb a*a/e a*/Td a*abe a*/,c a*/cd( a*/ca a*/T, a*..T a*ab, a*aTd

5$/S)gCh(-3)#&/*+$/$! a*/./( ( ( ( ( ( ( (a*abd a*a/T a*/dT a*,e+ a*/,. a*/e.( a*T./ a*/T, a*.., a*a+T a*aTe

5$/S)gFh(-3)#&/*+$/$! a*ad.( ( ( ( ( ( ( (a*abe a*aa+ a*/ed a*ccc a*/a+ a*/b/( a*T./ a*//c a*,// a*a+d a*a,c

5$/S)g[h(-3)#&/*+$/$! a*aaT( )0( ( ( ( ( ( ( ()0 )0 )0 )0 )0 )0 )0 a*aaT a*aab( )0(

5$/S)g$h%:#$/$! a*add( )0( ( ( ( ( ( ( ()0 )0 )0 a*/da a*ab/ a*abT )0( a*aeb )0 )0

5$/S)g&h%:#$/$! a*aTd( ( a ( a ( (a*aT+ )0( a*a,+ *Tda a*aba( a*ab+( a*a+T *abb a*T/. a*a//( a*aa.

"$#:-$/$! a*aaT( )0( ( ( ( ( ()0 a*aa, a*aad )0( a*aa/( )0( a*aaT a*aab a*aa/ )0(

;/'$/)g4'h%:#$/$! ( a ( ( d( ( ( ( (a*a./ a*a./ *aa. a*/aa a*ad a*acb a*//b( a*/c, a*ade a*/,d a*aba a*a./

5$/S)g9+.h%$#:-$/$! a*ae,( a*aaT( ( a*.,a( ( a*Te/ ( ( T(a*ac+ a*Tb/ a*/+b ( a*Tdc a*/be a*./, a*//a a*ac

;/'$/)g4'h(-3)#&/*+$/$! ( ( ( ( ( a*aTe ( a*aa,(a*a/,( )0 )0 a*a./( )0( a*a/c a*a.+ a*aTd a*aT/ a*a/e

,)#)/$/$! ( a ( ( ( ( ( ( (a*a,a a*a.c *aaa a*//a )0( a*/T/ a*/d, a*/a+ a*abb a*/ab a*a/. a*aa,

E"$&@( e( a*aca( ( a(/*,/ a*bbd /*edb( /*,TcT*a./( T*.be( /*T+eT*,/a( .*.bd( a*.aa*caT

(
o(=&#(073&;(;7$1(6&@>1;(&%1($?1(&61%&C1("4($?1(;1'"#9(&#9($?7%9(;&32@7#C(21%7"9;*(
(
(

!

( //.



(

E&F-$!>M=Y_M!0//3&-!&7$#&9$!4)/4$/*#&*.)/!W/9P8
K
X!)(!)#9&/.4!4)8%)3/'2!./!&8F.$/*!"<=A!./!=\\N!./!,QU!4)883/.*.$2M!

,)8%)3/'!!
<.#&

1.7$#U.'$

5&C1(b("4(b(

0*&24&'$#)
U&/*&

<&#.&
G)8%)4 G&/4&2*$#

G&C$!

0##)D+$&'!

U&/!

B.8&2Z
O%-&/'

G)8&

G)/9

5$&4+

G&C$!

6-2./)#$
0-%./$!

! JI:Y"0Q2!

=QY"+$/&-$/Y=Y)/$! a*ac,( ( a*ace( ( a*a.d( ( (a*a.d a*aa, a*a/T( a*ab/ a*acd( a*aT+ a*ae+ a*aTT a*aa.

0/*+#&4$/Y\?=AY'.)/$! a*//T( ( ( ( ( a*/b+( ( (a*TaT a*aTe a*/.T a*a// a*/,a a*/+d( a*/T/ a*T/d a*aee a*aeb

=?_YL&%+*+&-.4!0/+:'#.'$! a*TT/( ( ( ( ( ( ( c(a*Tba a*a./ a*Tae a*a.a a*d+, a*+.T( a*b/e a*cTa a*d/c a*,aa a*Tc

5$/Sg'$h&/*+#&4$/Y^Y)/$! a*/ae( ( ( ( ( ( ( (a*a/. a*aaT a*ac, )0( a*a+b a*a+T a*a+T a*abT a*/,a a*aTe a*aa,

5$/Sg&h&/*+#&4$/$Y^?=@Y'.)/$! a*aT+( ( ( ( ( (a*aa+ )0( a*a.d( )0( a*a,/ a*aba a*ab+ a*aTd a*a+d a*aae a*a/T

E"$&@( a*b.b( ( (a*b/T a*ac,( a*abTa*bad( /*TTa( a*d/+( a*d+e/*.,a( /*.ba( a*.caa*b..

! J*+$#!,)8%)3/'2!

G$7)9-34)2&/! .aa*d( d+*e( ( ( ( (/.T*. /,,*b Ta*c( (/a+*/ /T.*.( Tae*a /a,*T /ab*c d/*+ bb*c

Ui3&-$/$! /*,ac( ( +( ( ( ( ( (.*caT a*dba /*,/ T*.T. e*c+T b*T+a( a*.T. .*c,, /*Tcc /*cTe ,*ed.

,+)-$2*$#)-! a*/b+( ( ( ( ( ( ( ( ( (a*TT. )0 )0 )0 )0 )0 a*T,d( )0 )0 )0

E"$&@( ,( ( ( (.aT* /.c*/ +a*b( TT*+/,b*+ ( Tae*,//c*d( /ad*//Td*c( /ac*+( ca*,d.*b

! ,&#F)/!

J#9&/.4!4&#F)/! b/.e( ( ( ( .T/b( ( ( ( ( (.dTT Tae, e/.c ++d/ /acab( /bb.. dceb e.+a caTd ,,bd

6-$8$/*&-!4&#F)/! b/a( ( ( c( ( ( ( ( ( ( ( (,Tc /ba ed ,bb /eaa /bae /,ed //e+ /e/+ d/b b/T

E)*&-! bc,e( ( ( ( ( ( ( ( (,T,d TTT, e+TT .ce/ //cd/( /T///( /ea/a +db, +/a+ cd,. ,+ea

! <&22!

"<=A!8&22! T/Deba( ( ( ( ( ( (/+DT+a /bD/+a T.Dcda T/Deba .eDbba( ,bDaTa c,Da+a ,,D.Ta .dDdea .,De.a T,D.ba

(
o(=&#(073&;(;7$1(6&@>1;(&%1($?1(&61%&C1("4($?1(;1'"#9(&#9($?7%9(;&32@7#C(21%7"9;*(

( //,



(

(

!

( (

E&F-$!>M=Y\M!07$#&9$!2)3#4$!4)/*#.F3*.)/2!Wd9P8
K
X!*)!"<=A!8&22!F:!,QU!4)883/.*:!./!=\\NM

(

=">%'1(
B$&;'&91%"(

=&#$&(
8&%7&(

A"32"' A&#'&;$1%
A&S1(

B%%"I?1&9(
=&#(
073&;(

:2@&#9(
87%&(
A"3&(

G761%;791(
A"#C(
J1&'?(

A&S1(
H@;7#"%1(

B@27#1(

(
51%7"9(/(Z/TgT+g+,($"(bg.g+b[( (

M""9(=3"S1( /*++( ( ( ( ( ( ( ( ( ( ( (a*b/ a*da a*/. #& a*++ a*T/ a*b/ a*cd a*.+ a*.,

071;1@(HR?&>;$( /*aa( ( ( ( ( ( ( ( ( ( ( (a*cc a*Tc /*b, a*+a #& T*Tb T*/c /*cd T*+/ /*.c a*eb

f&;"@7#1(h1?7'@1( /*/+( ( ( ( ( ( ( ( ( ( ( (a*c/ a*ea a*e. a*cc #& a*cd a*da a*,. /*// a*be /*ab

h1C1$&$761(01$%7$>;( ( ( ( ( ( ( ( ( ( ( ( (a*/b a*ad a*/. a*/+ #& a*TT a*.+ a*Tb a*Te a*/. a*/T

)&$>%&@(f&;(!"3K*( ( ( ( ( ( ( ( ( ( a/( ( (a*aT a*ab #& a*

E7%1(M1&%(01K%7;( a*./( ( ( ( ( ( ( ( ( ( ( (a*dT a*.e a*.b #& a*e/ a*dc a*e. /*eb a*c.

=>3("4(5%73&%<(
=">%'1;(

( ( ( ( ( ( ( ( ( ( ( (,*,+ T*ec /*,/ .*be /*+, #& ,*db ,*,T .*ca c*e. .*a+ T*Tb

(
51%7"9(T(Zbg.g+b($"(//g/g+b[( (

M""9(=3"S1( a*,+( ( ( ( ( a*,a( ( ( ( ( ( (a*T, a*ae a*// a*/a a*,a a*T+ a*.a a*/T a*,b a*T,

071;1@(HR?&>;$( a*d+( ( ( ( ( ( ( ( ( ( ( (a*+d a*Td /*.+ /*.. .*e/ .*e. .*a. T*bb .*cc /*+d /*,,

f&;"@7#1(h1?7'@1( a*Td( ( ( ( ( ( ( ( ( ( ( (a*TT a*ad a*.d a*/b a*Tb a*/+ a*.e a*.+ a*Td a*Td

h1C1$&$761(01$%7$>;( a*,/( ( ( ( ( ( ( ( ( ( ( (a*/d a*// a*Tb a*.c a*,. a*ba /*ac a*e/ a*.b a*T/ a*,d

)&$>%&@(f&;(!"3K*( ( ( ( ( ( ( ( ( ( ( ( (a*a/ a*a/ a*/a a*a/ a*a/ a*a/ a*ab a*a/

E7%1(M1&%(01K%7;( a*T/( ( ( ( ( ( ( ( ( ( ( (a*T, a*dd a*,/ a*c/ a*d+ a*+. a*e.

=>3("4(5%73&%<(
=">%'1;(

T*Td( ( ( ( ( ( ( ( ( ( ( (/*de a*bb .*a/ T*a, b*T/ b*,. b*c, ,*d+ b*Ta T*cb T*,b

(
51%7"9(.(Z//g/g+b($"(/TgTdg+b[( (

M""9(=3"S1( b*+T( ( ( ( ( ( ( ( ( ( ( (a*Tc T*/e a*TT /*c, T*.d .*eT /*d/ /*/+ a*.+ a*Td

071;1@(HR?&>;$( /*,c( ( ( ( ( ( ( ( ( ( ( (/*a. a*d. T*.T a*dd ,*be .*+, b*be .*,b ,*eT T*/e /*ea

f&;"@7#1(h1?7'@1( ( ( ( ( ( ( ( ( ( ( ( (a*T. a*// a*,c /*ac a*.. a*,/ /*/d a*b/ a*c/ a*Td

h1C1$&$761(01$%7$>;( a*Tb( ( ( ( ( ( ( ( ( ( ( (a*T+ a*// a*,d a*ad a*Td a*de /*b. a*ba a*,, a*dd a*..

)&$>%&@(f&;(!"3K*( ( ( ( ( ( ( a.( ( ( ( ( (a*a/ a*a, a*aT a*aT a* a*ac a*a/

E7%1(M1&%(01K%7;( a*,.( ( ( ( ( ( ( ( ( (a*.T a*e, a*c/( a*d.( /*./ /*,b /*.d /*bd

=>3("4(5%73&%<(
=">%'1;(

d*ac( ( ( ( ( ( ( e*TT( ( ( (T*/, /*ab c*T/ T*Te e*,b d*,e( /.*.e d*./ b*c, T*b+

( //b



(

(
(
(

G

L

LG

LGG

LGGG

LGGGG

,
"

!
' ;
2

1
- > 1 =
2 V

=
" T
-

W =
/

!
A

8
0

=
9 ,
-

=
&

X
A

U
"

;
#

1
0 Y
/

Element

C
o

n
c
e
n

tr
a
ti

o
n

 (
n

g
/m

3
)

!R?%A'()*+

;."#:"B0/9

1"A."$!"/-"

?9)69:

?"A:"#.0/

?9A'$Y0":Z

U20AB9/"

[62"AB

!-/"$?9)"

\-C0/#-B0

?"]0$E2#-A9/0

?"]0$;//9^Z0"B

;26-A0

(

H.93#$! =Y M!0//3&-!&7$#&9$!4)/4$/*#&*.)/2!)(!2$-$4*$'!$-$8$/*2!./!"<>M @A @M@!./!*+$!,QU!W"&#*!0!()#!L&!e!5#XM!

(

( //c



(

G

L

LG

LGG

\
7 1
/ _ X
/

!
9

>
B

;
'

=
B @A

1
A

1
7

Y
"

?
"

;
&

4
' T
2

>
7 [

Element

C
o

n
c

e
n

tr
a

ti
o

n
 (

n
g

/m
3
)

!R?%A'()*+

;."#:"B0/9

1"A."$!"/-"

?9)69:

?"A:"#.0/

?9A'$Y0":Z

U20AB9/"

[62"AB

!-/"$?9)"

\-C0/#-B0

?"]0$E2# -A9/0

?"]0$;//9^Z0"

;26-A0

(

>M @= !H.93#$! =Y M!0//3&-!&7$#&9$!4)/4$/*#&*.)/2!)(!2$-$4*$'!$-$8$/*2!./!"<@M@!./!*+$!,QU!W"&#*!5!()#!1FYOXM

(
(

( //e



(

( //d

(

G

P

LG

LP

HG

HP

*G

*P

;
."
#:
"B
0/
9

1
"A
."
$!
"/
-"

?9
)
69
:

?"
A:
"#
.0
/

?9
A'
$Y
0"
:Z

U
20
AB
9/
"

[
62
"A
B

!
-/"
$?
9)
"

\
-C
0/
#-
B0

?"
]0
$E
2#
-A
9/
0

?"
]0
$;
//9
^
Z0
"B

;
26
-A
0

Community

P
M

2
.5

 M
a
s
s
 C

o
n

c
e
n

tr
a
ti

o
n

 (
u

g
/m

3
)

G

PGG

LGGG

LPGG

HGGG

HPGG

*GGG

E
le

m
e
n

ta
l 

C
o

n
c
e
n

tr
a
ti

o
n

 (
n

g
/m

3
)

>!HSP$!"##

1&)$93$E20)0A.#

(

H.93#$!> Y@ M(0!4)8%&#.2)/!)(!*+$!238!)(!*+$!$-$8$/*2!8$&23#$'!F:!f1H!&/'!"<M= @ @MN!8&22!F:!,QU!

4)883/.*:!./!@AA=M(

G

P

LG

LP

HG

HP

*G

*P

;
."
#:
"B
0/
9

1
"A
."
$!
"/
-"

?9
)
69
:

?"
A:
"#
.0
/

?9
A'
$Y
0"
:Z

U
20
AB
9/
"

[
62
"A
B

!
-/"
$?
9)
"

\
-C
0/
#-
B0

?"
]0
$E
2#
-A
9/
0

?"
]0
$;
//9
^
Z0
"B

;
26
-A
0

Community

P
M

2
.5

 M
a
s
s
 C

o
n

c
e
n

tr
a
ti

o
n

 (
u

g
/m

3
)

G

PGG

LGGG

LPGG

HGGG

HPGG

*GGG

E
le

m
e
n

ta
l 

C
o

n
c
e
n

tr
a
ti

o
n

 (
n

g
/m

3
)

>!HSP$!"##

1&)$93$E20)0A.#

(

H.93#$!> Y@ M(0!4)8%&#.2)/!)(!*+$!238!)(!"<M= K @M@!4#32*&-!$-$8$/*2!&/'!"<@MN!8&22!F:!,QU!4)883/.*:!./!

@AA=M((

(

Crustal Composition 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

A
ta

s
c
a
d

e
ro

S
a
n

ta
 M

a
ri

a

L
o

m
p

o
c

L
a
n

c
a
s
te

r

L
o

n
g

 B
e
a
c
h

G
le

n
d

o
ra

U
p

la
n

d

M
ir

a
 L

o
m

a

R
iv

e
rs

id
e

L
a
k
e
 E

ls
in

o
re

L
a
k
e

A
rr

o
w

h
e
a
d

A
lp

in
e

Community

F
ra

c
ti

o
n

 o
f 

C
ru

s
ta

l 
E

le
m

e
n

ts

Fe

Ca

K

Si

Al

(
(

H.93#$!>M=Y@>M!E+$!@AA=!#$-&*.7$!4)8%)2.*.)/!)(!*+$!4#32*&-!$-$8$/*!8&22!F:!4)883/.*:M((

(



(

( //+

Period 1:  Dec 29, 1994 - May 3, 1995
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Period 2:  May 3, 1995 - Nov. 1, 1995
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Period 3:  Nov. 1, 1995 to Dec. 28, 1995 
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24-hour Average CO
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Annual Average Particle Number Concentrations in 2001
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Monthly Average Particle Number Concentrations in Oct. - Dec.  2001
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Lake Elsinore Alpine
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Lancaster Atascadero
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