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!
    Figure 1. An idealized size distribution of ambient PM 
!

!!!!!!!!!!!!!!!!!!!!! !
Figure 2. An idealized size distribution of ambient PM showing fine and coarse modes and the 
portions collected in various samples; HiVol : High Volume sampler; WRAC : Wide Area 
Aerosol Classifier(Lundgren and Burton, 1995). From Wilson and Suh, 1997. 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2.    Origins of TSP (less than100 µm), coarse or PM10 – 2.5 and fine or PM2.5 

  (less than 2.5 µm) particles 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size distributions from 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3. Physical properties of TSP (smaller than100 µm), coarse or PM10 – 2.5  
and fine or PM2.5 (smaller than 2.5 µm) particles 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+:!:0$&!/(%*013&8!0$!*;&!(0%!3&()8!*+!(!%&)21*0+$!0$!>080?030*79!($!0$1%&(8&!0$!13+2)!
:+%4(*0+$!($)!(38+!1;($'&8!0$!+2%!1304(*&E!
!
4.     Relationships between PM10, PM10 ­2.5 and PM2.5 
!
N+%%&3(*0+$8!+:!DUA;!1+$1&$*%(*0+$8!+:!, - !.1+(%8&!q!:0$&59!,- !1+( %8&!.DEF!*+!"C!G45!
($)! ,- !:0$&!.3&88!*;($!DEF!G45!(*!*;&!8(4&!80*&!8;+X!*;(*9!0$!,;03()&3/;0(!($)!=*E!
n+2089!,- !DEF!08!;0';37!1+%%&3(*&)!X0*;!,- 9!?2*!/++%37!1+%%&3(*&)!X0*;!,-!"C!ADEF!!
.K038+$!($)!=2;9!"YYP5E!=0403(%379!(4+$'!80*&8!)08*%0?2*&)!(1%+88!*;&8&!2%?($!(%&(89!
*;&!80*&A*+A80*&!1+%%&3(*0+$8!+:!DUA;!1+$1&$*%(*0+$8!(%&!;0';!:+%!,-!DEF!.;+4+'&$&0*7!
0$!*;&0%!4(885!?2*!$+*!:+%!,-"C!ADEF!!.;&*&%+'&$&0*7!0$!*;&0%!4(885E!!
!
#*!8;+23)!?&!$+*&)!*;(*! ,- "CADEF!(%&!/%04(%7!(&%+8+38!X0*;!(!;0';!)&/+80*0+$!>&3+10*79!
*%(>&330$'!%&3(*0>&37!8;+%*!)08*($1&8!(*!*;&!82%:(1&9!X;03&!,- DEF!(%&!3(%'&37!8&1+$)(%7!
(&%+8+38!X0*;!(!>&%7!3+X!)&/+80*0+$!>&3+10*79!*%(>&330$'!3(%'&9!%&'0+$(3!+%!&>&$!
1+$*0$&$*(3!81(3&!)08*($1&8E!Q;28!*;&!(*4+8/;&%01!%&80)&$1&!+%!30:&*04&8!&L/3(0$!*;&!
+?8&%>&)!8/(*0(3!)0::&%&$1&8!0$!*;&!1+$1&$*%(*0+$8!+:!*;&!*X+!80H&!:%(1*0+$8!?7!
K038+$!($)!=2;!."YYP5E!#*!(38+!0$)01(*&8!*;(*!(!*%2&!,-DEF!4&(82%&4&$*!(*!(!1&$*%(3!
4+$0*+%!1($!8&%>&!(8!(!?&**&%!0$)01(*+%!+:!*;&!1+442$0*7AX0)&!(0%!1+$1&$*%(*0+$!+:!
:0$&!.;+4+'&$&0*7!0$!*;&0%!4(885!*;($!+:!1+(%8&!.;&*&%+'&$&0*7!0$!*;&0%!4(885!
/(%*013&8E!!
!
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5.  Chemical and toxicological properties of TSP (less than100 µm), coarse 
or PM10 – 2.5 and fine or PM2.5 (less than 2.5 µm) particles 

!
,-!80H&!($) !4(88!(%&!>&%7!04/+%*($*!1+$80)&%(*0+$8!0$!&L(40$0$'!*;&0%!?&;(>0+%E!R$!
&62(337!04/+%*($*!1+$80)&%(*0+$!08!*;&0%!1;&401(3!1+4/+80*0+$9!*;&!1+$1&$*%(*0+$8!
+:!*;&!0$)0>0)2(3!1+$8*0*2&$*89!/h9!8+32?030*7!($)!%&(1*0>0*7!.p%2/(9!"YYP5E!N3&(%37!
*;&%&!(%&!)0::&%&$1&8!0$!*;&!1;&401(3!1+4/+80*0+$!+:!,- "CADEF!($)! ,- DEF!($)!?&*X&&$!
2%?($9!:+%&8*&)!($)! ('%0123*2%(3!80*&8!.Q(?3&!D5E!d+*&!*;(*!1%28*(3!+%!4&1;($01(337!
'&$&%(*&)!&3&4&$*8!.(3240$249!80301(9!1(310245!/%&)+40$(*&!0$!*;&!1+(%8&!:%(1*0+$!
.,- "CADEF5!X;03&!823:(*&9!(44+$024!($)!&3&4&$*8!821;!(8!H0$1!($)!3&()!($)!+%'($01!
1+4/+2$)8!&40**&)!*;%+2';!8/&10:01!0$)28*%0&8!+%!+*;&%!;24($!(1*0>0*0&8!.&E'E9!8&40A
>+3(*03&!+%'($01!1+4/+2$)8!0$!('%0123*2%&5!/%&)+40$(*&!0$!*;&!:0$&!/(%*013&!.,- DEF5!
:%(1*0+$!.p%2/(!&*!(3E9!"YcP`!,%(**!($)!p%2/(9!"YcF`!=*&>&$8!&*!(3E9!"YcU9!T0$3(78+$A
,0**8!($)!,0**89!DCCC5E!#*!08!(38+!04/+%*($*!*+!$+*&!*;(*!*+L01!4&*(38!821;!(8!4&%12%79!
(%8&$019!>($()024!($)!1()4024!&L08*!0$!,- DEF9!4+%&!8+!*;($!0$!,- "CADEFE!Q;&8&!
:&(*2%&8!;(>&!1%0*01(3!04/301(*0+$8!0$!;24($!($)!&$>0%+$4&$*(3!*+L01+3+'7E!
 
Table 2.  Average aerosol composition (ng m-3 or 10-9 g m-3) for fine (less than 2.5 µm) 
and coarse (greater than 2.5 µm) particles at an urban1, a forested1 and an agricultural 
location2. 
 

Variable  Houstan 1,3  
(Urban)  

SmokeyMountains 1,3 
(Forest) 

Lamberton  2,4  
(Agriculture)  

 
! Fine  Coarse5  Fine 

 
Coarse5  Fine  Coarse5 

=23:(*&! "g9PCC!r!
"9McC!

"9"CC!r!
DCC!

"D9CCC!r!
"9MCC!

dRg! D9PcM!r!
PgM!

MPC!r""Y!

d0*%(*&! DFC!r!DgC! "9cCC!r!
DgC!

MCC!r!MCC! dRg! "cY!r!DY! gMc!r"PU!

R44+$024 ! U9MCC!r!
MYC!

m!"YC! D9DcC!r!MYC! dR! "9CCg!r!
U"U!

"g!r!P !

R3240$24! YF!r!gC! "9UCC!r!
UDC!

DC!r!"c! "YF!r!"C" ! UC!r!c! MFP!r!FF!

=0301(! DCC!r!gC! M9cCC!r!
"9CCC!

Mc!r!"C! FcC!r!DgD! "CY!r!D"! "9FCC!r!
DDc!

N(31024! "FC!r!c ! M9"CC!r!
"gC!

"g!r!" ! MDD!r!PM! FD!r!c! cUP!r""Y !

s0$1! "CD!r!g! gc!r!F! Y!r!" ! m!U! P!r" ! D!r" !
!

n&() ! UcM!r!DM! "DP!r!"C! YP!r!F! "U!r!" ! "P!rM! D!r" !
!

1 Modified from Finlayson-Pitts and Pitts (1986) as reported from the original works of Dzubay et al. 
(1982) and Stevens et al. (1984). See Finlayson-Pitts and Pitts for the original references. 
2 Modified from Pratt and Krupa (1985) 
3 Samples collected during the daytime only 
4 Samples collected during the 24 hours 
5 Coarse particles represent 2.5 to 15 µm in size; fine particles represent less than 2.5 µm in size.  
The size cut off for coarse particles was changed to 2.5 to 10 µm by EPA during the mid 1980s  
6NA = Not analyzed 
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Q;&!+>&%(33!$(%%(*0>&!+$!*;&!)0::&%&$1&8!0$!*;&!+%0'0$9!80H&!($)!1;&401(3!1+4/+80*0+$!
+:!,- "CADEF!($)! ,- DEF!2$)&%81+%&8!*;&!1%0*01(3!0882&!*;(*!X;03&!*;&!4(88!?&*X&&$!*;&!
*X+!:%(1*0+$8!4(7!?&!1+%%&3(*&)!0:!*;&7!(%&!8(4/3&)!0$)0>0)2(337!(*!(!1+44+$!
3+1(*0+$9!*;&0%!1;&401(3!1+4/+80*0+$8!1($!?&!>&%7!)0::&%&$*!($)!$+*!%&3(*&)!X0*;!
&(1;!+*;&%!0$!*;&0%!&3&4&$*(3!1+$1&$*%(*0+$!%(*0+89!
. ;**/^__1:/2?E&/(E'+>_$1&(_1:4_$1&(/2?*+/018E1:4aR1*Q7/&b,2?301(*0+$Q+/0185E!
!
Q;08!08!(!>&%7!1%0*01(3!/+0$*9!?&1(28&!0:!*;&!*%2&!4(88 !+:!!,- !08!*+!?&!)&%0>&)!:%+4!
,- "CADEF9!*;&$!(!1+A30$&(%0*7!.80403(%!?&;(>0+%5!0$!*;&!>(%0(?030*7!+:!*;&!1+$1&$*%(*0+$8!
($)!1;&4 01(3!1+4/+80*0+$!+:!,- "CADEF!($)! ,- DEF!428*!?&!)&4+$8*%(*&)!(*!82::010&$*!
$24?&%!+:!80*&8!%&/%&8&$*0$'!*;&!'&+'%(/;01!(%&(!821;!(8!*;&!:(%43($)E!
!
6.   A need to accurately characterize the chemical composit ion of 

PM 2.5 and PM 10-2.5 in regard to source apportionment and 
receptor modeling in agriculture  

 
According to Hopke (2009) source apportionment is the estimation of the contributions to 
the airborne pollutant concentrations that arise from the emissions of natural and 
anthropogenic sources. To obtain a source apportionment, data analysis tools called 
receptor models are applied to elicit information on the sources of air pollutants from the 
measured constituent concentrations. Typically, they use the chemical composition data 
for airborne PM samples. In such cases, the outcome is the identification of the pollution 
source types and estimates of the contribution of each source type to the observed 
concentrations. The composition of PM2.5 and PM10-2.5 is important to source 
apportionment and receptor modeling illustrating the need for accurate source profiles so 
that the results can be useful to the regulatory agencies that rely heavily on the modeling.  
If such modeling is done with inaccurate data, then inappropriate regulatory decisions 
may be made as previously pointed out by the Agricultural Air Quality Task Force 
(AAQTF). 

!
!
7.     Artifacts introduced in the data on the chemical composition of PM2.5 

through the use of TSP and PM (coarse + fine) measurements 
     
Q;&!:0$&!/(%*013&!+%!,-DEF!4+)&!*7/01(337!0$132)&8!4+8*!+:!*;&!*+*(3!$24?&%!+:!
/(%*013&8!0$!*;&!(*4+8/;&%&!($)!(!3(%'&!:%(1*0+$!+:!*;&!4(88!:+%!&L(4/3&9!(?+2*!+$&!
*;0%)!+:!*;&!*+*(3!4(88!0$!$+$A2%?($!(%&(8!($)!(?+2*!+$&!;(3:!0$!*;&!2%?($!(%&(8E!#$!
*;(*!1+$*&L*9!0*!08!>&%7!04/+%*($*!*+!$+*&!*;(*!?+*;! /+80*0>&!($)!$&'(*0>&!&%%+%8!
.?0(8&85!+112%!)2%0$'!*;&!8(4/30$'!+:!,- E!Q;&!'(0$!./+80*0>&!?0(85!08!)2&!*+!*;&!
1+$>&%80+$!+:!'(8!/;(8&!4+3&123&8!*+!/(%*013&8!+$!*;&!8(4/3&%!:03*&%!+%!*;&!3+88!
.$&'(*0>&!?0(85!08!)2&!*+!*;&!>+3(*030H(*0+$!+:!1+4/+2$)8!:%+4!*;&!/(%*013&!/;(8&!*+!
*;&!'(8!/;(8&! +$!*;&!8(4/3&%!:03*&%!.&E'E9!(44+$024!$0*%(*&!$&(%!:&&)!3+*8`!8&40A
>+3(*03&!+%'($01!1+4/+2$)8!821;!(8!/&8*010)&85E!T2%*;&%9!1%+88A1+$*(40$(*0+$!1($!
+112%!)2%0$'!8(4/30$'!?&*X&&$!/(%*013&8!!84(33&%!*;($!DEF!G4!($)!/(%*013&8!3(%'&%!
*;($! DEF!G4E!#$!())0*0+$!*+!*;+8&!&::&1*89!&>&$!X;&%&!,-!"C!ADEF!($)!,-! DEF!(%&!
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8(4/3&)! 0$)0>0)2(337!(8!X0*;!(!)01;+*+4+28!8(4/3&%9!1%+88!1+$*(40$(*0+$!+:!(?+2*!
FZ!1($!+112%!?&*X&&$!*;&!/(%*013&8!3(%'&%!*;($!DEF!µ4 !($)! /(%*013&8!84(33&%!*;($!
DEF!µ4 !0$!*&%48!+:!*;&0%!823:(*&9!$0*%(*&!($)!0$+%'($01!&3&4&$*(3!1+$1&$*%(*0+$8!
.X;01;! 1($!?&!28&)!(8!*%(1&%8!*+!&L(40$&!*;&!1%+88!1+$*(40$(*0+$5E!
!
f$&!(//%+(1;!*+!&8*04(*0$'!*;&!1%+88!1+$*(40$(*0+$!?&*X&&$!,-!3(%'&%!*;($!DEF!µ4 !
($)! ,-!84(33&%!*;($!DEF!µ4 !1;&401(3!1+4/+80*0+$!.($!0$)01(*+%!+:!8(4/30$'!
&::010&$17!($)!(112%(175!08!*+!28&!($!&$%01;4&$*!:(1*+%E!h&%&!R3!.R3240$2459!N(!
.N(310245!($)!=0!.=0301(5!(%&!1+$80)&%&)!*+!?&!0$)01(*0>&!+:!1%28*(3!+%!1+(%8&!
/(%*013&8E!Q;28!:+%!&L(4/3&9!80$1&!R3!:%+4!*;&!8+03!.1%28*5!;(8!*;&!3&(8*!>(%0(?030*7!(*!(!
'0>&$!3+1(*0+$9!*;&!&$%01;4&$*!:(1*+%!.VT5!:+%!(!/(%*0123(%!&3&4&$*!@tB!1($!?&!
)&:0$&)!(8!̂
!

VT1%28*!b!ut(0%_R3(0%v!_!ut1%28*_R31%28*v!
!
Q;289!1%28*(3!4(*&%0(38!821;!(8!1(31024!*;(*!/%&)+40$(*&!0$!*;&!1+(%8&!.'%&(*&%!*;($!
DEF!G45!:%(1*0+$!X033!;(>&!($!(>&%('&!VT!>(32&!13+8&!*+!2$0*7!."EC59!X;03&!($+*;&%!
&3&4&$*!821;!(8!1+//&%!X033!;(>&!($!(>&%('&!>(32&!+:!"CC!.-03:+%)!($)!S(>0)8+$9!
"YcF5E!Q;&%&:+%&9!1;($'&8!0$!VT!>(32&8!0$!*;&!:0$&!/(%*013&!:%(1*0+$!.3&88&%!*;($!DEF!
µ45!1($!?&!28&)!*+!1(3123(*&!*;&!3&>&3!+:!1%+88!1+$*(40$(*0+$!?7!*;&!1+(%8&!/(%*013&8!
.DEF!*+!"C!µ45!)2%0$'!8(4/30$'!0$!82//+%*!+:!*;&!)0812880+$!0$!*;&!/%&>0+28!K;0*&!
,(/&%!+$!,-!8(4/30$'!(%*0:(1*8!. RR]QT9!DCCY5E!!h&%&9!($!04/+%*($*!1;(%(1*&%08*01!
*;(*!1($!?&!28&)!089!0$!'&$&%(3!/(%*013&8!3(%'&%!*;($!DEF!G4!(%&!'&$&%(337!?(801!($)!
/(%*013&8!84(33&%!*;($!DEF!G4!(%&!'&$&%(337!(10)01!0$!*;&0%!$(*2%&E!h+X&>&%9!VT!
:(1*+%8!.(*4+8/;&%&!>&%828!1%28*(35!1($!$+*!?&!28&)!0$!*;&!/%&8&$*!1+$*&L*!2$3&88!
)081%&&*!4&(82%&4&$*8!(%&!*(\&$!+:!*%2&!,-!"C!A!DEF!!($)! ,- DEF!(*!82::010&$*!$24?&%!+:!
3+1(*0+$8!%&/%&8&$*(*0>&!+:!?+*;!2%?($!($)!$+$A2%?($!3+1(*0+$8!0$!(!'0>&$!
'&+'%(/;01!%&'0+$!821;!(8!*;&!=($!I+(620$!J(33&79!NR!X;&%&!('%0123*2%&!08!
/%&)+40$($*E!!
!

8.  Conclusions  
!
Q(?3&!M!.?&3+X5!/%+>0)&8!(!8244(%7!+:!*;&!'&$&%(3!)0::&%&$1&8!0$!*;&!1;(%(1*&%08*018!
+:!,- "C!i !DEF!($)! ,- DEF!E!
!
.(5!Q;&%&!(%&!80'$0:01($*!)0::&%&$1&8!0$!*;&!+%0'0$!./%04(%7!>&%828!8&1+$)(%7!
(&%+8+3859!*;&0%!(*4+8/;&%01!%&80)&$1&!*04&89!*%($8/+%*9!($)!%(*&8!+:!)%7!)&/+80*0+$!
($)!'&+'%(/;01!)08*%0?2*0+$!+:!1+(%8&!+%!,- "CADEF!($)!:0$&!.3&88!*;($!DEF!G45!
/(%*013&8E!
!
!.?5!N+%%&3(*0+$8!+:!DUA;!1+$1&$*%(*0+$8!+:!, - !.1+(%8&!q!:0$&59!,- !1+(%8&!.DEF!*+!"C!
G45!($)! ,- !:0$&!.3&88!*;($!DEF!G45!(*!*;&!8(4&!80*&!8;+X!*;(*!,- !DEF!08!;0';37!
1+%%&3(*&)!X0*;!,- 9!?2*!/++%37!1+%%&3(*&)!X0*;!,-!"C!ADEF!!T2%*;&%9!X;&%&!,- "CA!DEF!
.1+(%8&!+$375!($)!,-! DEF!(%&!8(4/3&)!0$) 0>0)2(337!.&E'E9!X0*;!(!)01;+*+4+28!8(4/3&%5!
(*!(!1+44+$!3+1(*0+$!($)!8(4/30$'!/&%0+)9!?+*;!*;&0%!4(88!($)! 1;&401(3!
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1+4/+80*0+$8!X033!?&!>&%7!)0::&%&$*!($)!$+*!%&3(*&)!X0*;!&(1;!+*;&%!0$!*;&0%!
&3&4&$*(3!1+$1&$*%(*0+$8!($)! *;&0%!%(*0+8!($)! 1+$8&62&$*37!)0::&%&$1&8!0$!;24($ !
($)!&$>0%+$4&$*(3!&::&1*8E!
 
.15!Among sites distributed across urban areas, the site-to-site correlations of 24-h 
concentrations will be high for PM 2.5 but not for PM10-2.5 or PM10 (coarse + fine).!!Q;08!
())8!*+!*;&!1+$1&%$!X0*;!280$'!Q=,!+%!,-"C!.($7!4&(82%&!X0*;!1+(%8&!,-5!(8!(!
82%%+'(*&!:+%!,- DEF!(8!*;&!%&823*0$'!,-DEF!4&(82%&!X033!?&!;0';37!0$:32&$1&)!?7!
)08*($1&!*+!1+(%8&!,-!=+2%1&8E 
!
.)5!#$!*;&!1+$*&L*!+:!%&'0+$(3!81(3&!,-!4+$0*+%0$'9!0:!*;&!*%2&!1+$1&$*%(*0+$8!+:!!
,-! DEF!(%&!*+!?&!)&%0>&)!:%+4!(4?0&$*!,- "C!1+$1&$*%(*0+$89!*;&$!(!1+A30$&(%0*7!
.80403(%!?&;(>0+%5!0$!*;&!1+$1&$*%(*0+$8!+:!1+(%8&!!. ,-! "CADEF5!($)!:0$&!.3&88!*;($!DEF!
G45!/(%*013&8!428*!?&!)&4+$8*%(*&)E!!
Q;(*!1($!?&!(1;0&>&)!?7!&L(40$0$'!*;&!1;&401(3!1+4/+80*0+$!+:!*;&!0$)0>0)2(3!80H&!
:%(1*0+$8!(*!82::010&$*!$24?&%!+:!3+1(*0+$8!%&/%&8&$*0$'!*;&!'&+'%(/;01!(%&(E!
,+880?3&!1;($'&8!0$!(3\(30$0*7!($)!(10)0*7!%&8/&1*0>&37!+:!1+(%8&!($)!:0$&!/(%*013&!
8(4/3&8!1($!?&!28&)!(8!(!/%&3040$(%7!81%&&$0$'!*++3!:+%!0)&$*0:70$'!1%+88!
1+$*(40$(*0+$!)2%0$'!8(4/30$'!?&*X&&$!,- "CADEF!($)!,- DEFE!
!
.&5!#$!*;&!:0$(3!($(378089!X;03&!)081%&&*!8(4/3&8!+:!,-! "CADEF!($)!,- DEF!!.821;!(8!X0*;!
*;&!28&!+:!(!)01;+*+4+28!8(4/3&%5!1($!?&!1+%%&3(*&)9!(%0*;4&*01!1(3123(*0+$!+:!!
,- "CADEF!1($$+*!?&!X&33!1+%%&3(*&)!X0*;!,-DEF!/&%!8&!.K038+$!($)!=2;9!"YYP5E!
!
.:5!T2%*;&%4+%&!)081%&&*!4&(82%&4&$*8!+:!*;&!1;&401(3!1+4/+80*0+$!+:!:0$&!.3&88!
*;($!DEF!µ45!($)!1+(%8&!.DEF!*+!"C!µ45!/(%*013&8!(%&!%&620%&)!*+!(//+%*0+$!*;&!
1+$*%0?2*0+$!+:!8/&10:01!8+2%1&8!*+!*;&!'&$&%(3!(0%!62(30*7!($)! *+!*;&!04/3&4&$*(*0+$!
+:!%&'23(*+%7!/+3010&8!%&3&>($*!*+!('%0123*2%&!./%04(%037!8+2%1&8!13+8&!*+!*;&!'%+2$)!
3&>&35E!
!
9.     Recommendations 
   
.(5!Q+!())%&88!*;&!*;%&&!0882&8!+2*30$&)!?&3+X9!X&!%&1+44&$)!*;&!&8*(?308;4&$*!+:!
($!(//%+/%0(*&!/03+*!('%0123*2%(3!,-!4+$0*+%0$'!$&*X+%\!*;(*!%&/%&8&$*8!*;&!:0>&!
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Table 3. General differences observed in the characteristics of coarse and fine particles. 
Both particle fractions are included in TSP. 
 

Characteristic  Coarse  Fine 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