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Supplemental Information 

Here we derive the mass and distribution of components decomposed for linear hazard models.  

Let m denote the total fine particulate mass in 3/mgµ  and further let ),...,( 1 ʹ′= Cppp be a vector 

of proportions of total mass attributable to the C components of interest and let 1+Cp be the 
proportion of the residual component.   Total mass can then be decomposed into the sum of mass 
and the difference between the components and mass as 
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proportional hazard model has the form 
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where )()( th s
o  is the baseline hazard function of followup time t and strata s , x is a vector of known 

mortality risk factors such as income, occupation,  and education with corresponding unknown 
parameter vectorβ .  Strata are defined by five year age groups, sex, and airshed in our cohort.  Here 

γ is an unknown risk parameter associated with total mass and the Cγγ ,...,1 are the corresponding 

unknown parameters for the C components which relate the deviation in risk for each component 
to the risk of total mass. Note that the residual component is not included in the survival model due 
to over specification since given Cpp ,...,1 , 1+Cp  is known.   Estimates of the unknown regression 
parameters are obtained by fitting a Cox proportional hazards regression model with all the mortality 
risk factors included in x , particulate mass, m , and the component masses Cpmpm ~,...,~

1 ×× .   

The hazard ratio function of fine particulate matter and its components is denoted by 
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where )exp()( mmHR ×= γ represents the hazard ratio for total mass.  We thus interpret the hazard 
ratio as modulating the mass hazard ratio by a power that is a function of the proportion of mass 
attributable to each component, cp , and the ratio of the component risk parameter to the mass risk 

parameter 
γ
γ c . 

 

 

	   	  



Supplemental	  Material,	  Figure	  1:	  Concentrations	  of	  PM2.5	  components	  (µg/m3).	  	  Map	  created	  in	  ArcGIS	  
Desktop	  10.2.	  	  ESRI,	  Redlands,	  CA.	  

 


