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RADIOACTIVE DECAY AND RELEASE OF RADIATION 

Radioactive decay occurs in unstable atoms called radionuclides. Radiation exists in two forms, namely ionizing and non-ionizing radiation. Radioactivity refers to the quantity of ionizing radiation released by radionuclides, regardless of the type of ionizing radiation. When radionuclides decay, they transform into different atoms, namely decay products or progenies. The atoms transform into new progenies until they reach a stable state and are no longer radioactive. Every radionuclide has a specific decay rate, which is measured in terms of its half-life (the time required for half of the radioactive atoms present to decay). The decay chains associated with 238U and 232Th are shown in Figure S1.
A radionuclide may decay by one of several processes; emission of alpha and beta particles, and by isomeric transitions such as gamma ray emission. Alpha particles, which are positively charged, are emitted mainly from heavy nuclei. In disintegrations, a helium nucleus, consisting of two protons and two neutrons, is emitted. Alpha particles are released when radium (226Ra) decays directly to radon (222Rn), which subsequently enters and extensive series of disintegrations that terminates with the stable isotope 206Pb (see Figure S1 for details). Alpha particles are not normally regarded as an external radiation hazard (except perhaps to skin) because they are poorly penetrating. However, when alpha particle-emitting radionuclides are inside the body, entering by inhalation or otherwise, they may become a health hazard (IARC, 2001). Beta-particles include negatively charged electrons and positively charged positrons, and are emitted from a nuclide during radioactive decay. Beta-particles can penetrate 10 mm into skin tissue; therefore, they can pose both an external hazard, and an internal hazard when emissions occur within the body (IARC, 2001). The nucleus is often in an excited state after alpha- and beta-particle emission. The excess energy is subsequently emitted as gamma rays (high-frequency electromagnetic radiation) or an electron by internal conversion. The progeny nuclide may also be radioactive and subject to further decay. The extent of biological damage done by radiation at the cellular level depends on ionization density of the type of radiation, with more densely ionizing radiation (such as alpha-particles and beta-particles) causing more damage per unit absorbed dose than sparsely ionizing radiation (such as gamma rays). 

[image: This image shows the complete decay chain of U-238.][image: This image shows the complete decay chain of Th-232.]
Figure S1. Uranium238 and Thoron232 decay chains (source: US EPA website accessed August 2017 at https://www.epa.gov/radiation/radioactive-decay). 
RADIATION EXPOSURE AND DOSE

Radioactivity refers to the amount of ionizing radiation released by a material. The units of measure for radioactivity are the Curie (Ci) and the Becquerel (Bq). The Becquerel is defined as the number of radioactive transformations in a second and is equivalent to 2.7  10-11 Ci. 
Different types of radiation emitted during radioactive disintegration, such as alpha-particles, beta-particles, and gamma rays, deposit energy on their passage through matter. The absorbed dose is the amount of energy deposited by radiation in a unit mass of matter. The SI unit of absorbed dose is the gray (Gy), which equals 1 joule of energy absorbed by one kilogram of matter (J/kg).
The biological damage due to by radiation at the cellular level depends on the type of radiation and it’s ionization density, with more densely ionizing radiation (such as alpha- and beta-particles) causing more damage per unit absorbed dose than sparsely ionizing radiation (such as gamma rays). The International Commission on Radiological Protection has defined two dose concepts: the equivalent dose and the effective dose, for which the SI unit is the Sievert (Sv). These doses are weighted absorbed doses, and are used within the system of radiological protection to broadly account for the extent of damage in different organs and tissues relevant to the detriment-weighted risk of stochastic health effects caused by low-level radiation exposure.
The equivalent dose is the sum of the absorbed doses to an organ or tissue, each multiplied by the radiation-weighting factor for the type of radiation. The value for the radiation weighting factor is defined as 1 for gamma rays and other sparsely ionizing radiation, whereas for densely ionizing radiation with high biological effectiveness, the factor is more than 1. The effective dose is the sum of equivalent doses to various organs or tissues, each multiplied by the tissue-weighting factor for the specific tissue or organ. The tissue-weighting factor accounts for different sensitivities of tissues to radiation-induced stochastic effects resulting from low-level exposure to radiation. The effective dose is the radiological protection quantity showing the detriment-weighted risk of stochastic health effects posed by a uniform whole-body low dose of reference gamma radiation. We summarize the main units used to quantify radiation doses in the Table E1. 

Table S1. Radioactivity and radiation dose terms, definitions and units. 
	Term 
	SI Unit
	Definition

	Radioactivity or activity 
	Bq (Becquerel)
	Amount of ionizing radiation released by a material. A Becquerel is the number of disintegrations per second and is equivalent to 2.7  10-11 Curie (Ci). 


	Absorbed dose
	Gy (gray)
	Energy deposited in a unit mass of matter (J/kg).


	Equivalent dose*
	Sv (Sievert)
	Absorbed dose multiplied by radiation weighting factor for the biological effectiveness of radiation type.


	Effective dose*
	Sv (Sievert)
	Sum of equivalent doses, each multiplied by the tissue weighting factor for the sensitivity of different tissues to radiation-induced stochastic effects.


*Used only for purposes of radiological protection in the context of the risk of stochastic effects resulting from low-level exposure to radiation. When radioactive materials enter the body through inhalation, ingestion, or wounds, radionuclides accumulate in organs or tissues, and reside in the body for characteristic periods of time, during which they irradiate tissues internally. The equivalent or effective dose that will be received prospectively for a defined period of time from internal accumulation of radioactive material is the committed dose.



Table S2. Correlation matrix of daily measured PR, particulate air pollution (PM2.5 mass and BC) and meteorology, for all days of the study period commencing in 1998 and ending in 2013. 
	
	Spearman correlation coefficient*

	Exposure
	PR
	PM2.5
	BC
	Temperature
	Wind Speed
	PBL

	PR
	1
	
	
	
	
	

	PM2.5
	0.34
	1
	
	
	
	

	BC
	0.20
	0.69
	1
	
	
	

	Temperature
	-0.14
	0.16
	0.23
	1
	
	

	Wind Speed
	-0.01
	-0.33
	-0.48
	-0.23
	1
	

	PBL†
	-0.15
	-0.37
	-0.43
	-0.05
	0.36
	1


*All p-values were <0.05. 
† PBL refers to the height of the planetary boundary layer.



Figure S2. Map of the study region showing the distribution of the study participants and the locations of monitors. To protect the confidentiality of the participants, the residential locations on the map were masked by altering the longitude and latitude by a small random amount. Thus, although these locations are representative of the distribution of participants’ residential locations, none of them represent actual residential locations of the study participants. Blue dots: residential locations. Black dots: local state monitors. White dot: the Harvard supersite. 
[image: ]

Table S3. Correlation matrix of daily PR exposure (gross beta activity) between the four monitoring sites located in Albany, Boston, Providence and Worcester, for when we have overlapping data during the study period commencing in 1998 and ending in 2013. 
	
	Spearman correlation coefficient*

	Monitoring site
	Albany
	Boston
	Providence
	Worcester

	Albany
	1
	
	
	

	Boston
	0.64
	1
	
	

	Providence
	0.45
	0.51
	1
	

	Worcester
	0.67
	0.72
	0.53
	1


*All p-values were <0.05. 





Table S4. Correlation matrix of daily measured PR and particulate air pollution (PM2.5 mass and BC) in Boston only, for all days of the study period commencing in 1998 and ending in 2013. PR is measured by the EPA and particulate air pollution is measured at the Harvard supersite, both located in Boston. 
	
	Spearman correlation coefficient*

	Exposure
	PR
	PM2.5
	BC

	PR
	1
	
	

	PM2.5
	0.47
	1
	

	BC
	0.26
	0.75
	1


*All p-values were <0.05. 

Table S5. Differences in lung function (FEV1 and FVC) associated with an IQR increase in exposure to PR - as observed in the cohort of men including and not including participants with physician-diagnosed coronary heart disease, stroke, diabetes, and hypertension. The results in bold indicate model evaluations where participants with the aforementioned conditions have been excluded from the analyses. Outcomes are expressed as the percent difference in FEV1 or FVC per IQR increase in PR. IQRs for PR are shown in Table 2 in the main manuscript. 
	
	
	Difference in FVC per IQR increase in exposure to PR (95 % CI)

	Exposures 
in model 
	
	
PR
	
PR & PM2.5
	
PR & BC
	

	
	7
	-0.60 (-1.40, 0.20)
	-0.12 (-1.00, 0.76)
	 0.05 (-0.81, 0.91)
	

	Exposure
	
	-0.65 (-1.45, 0.16)
	-0.21 (-1.09, 0.67)
	-0.02 (-0.88, 0.85)
	

	window
	14
	-1.24 (-2.11, -0.36)**
	-0.67 (-1.61, 0.28)
	-0.62 (-1.57, 0.33)
	

	(days)
	
	-1.30 (-2.18, -0.42)**
	-0.76 (-1.71, 0.19)
	-0.72 (-1.67, 0.23)
	

	
	21
	-1.77 (-2.72, -0.83)***
	-1.22 (-2.22, -0.21)**
	-1.34 (-2.34, -0.35)**
	

	
	
	-1.84 (-2.79, -0.89)***
	-1.28 (-2.28, -0.28)**
	-1.42 (-2.43, -0.42)**
	

	
	28
	-2.41 (-3.39, -1.43)***
	-1.77 (-2.81, -0.73)***
	-2.02 (-3.04, -0.99)***
	

	
	
	-2.47 (-3.45, -1.49)***
	-1.81 (-2.85, -0.77)***
	-2.09 (-3.12, -1.06)***
	

	
	
	Difference in FEV1 per IQR increase in exposure to PR (95% CI)

	Exposures 
in model
	
	
PR
	
PR & PM2.5
	
PR & BC
	

	
	7
	-0.35 (-1.24, 0.53)
	 0.03 (-0.93, 1.00)
	 0.16 (-0.81, 1.13) 
	

	Exposure
	
	-0.37 (-1.25, 0.51)
	 -0.02 (-0.99, 0.95)
	 0.14 (-0.83, 1.11)
	

	window
	14
	-1.10 (-2.07, -0.14)**
	-0.64 (-1.68, 0.41)
	-0.52 (-1.59, 0.54) 
	

	(days)
	
	-1.13 (-2.10, -0.17)**
	-0.68 (-1.73, 0.37)
	-0.57 (-1.64, 0.50)
	

	
	21
	-1.77 (-2.81, -0.73)***
	-1.26 (-2.36, -0.16)**
	-1.44 (-2.56, -0.31)**
	

	
	
	-1.80 (-2.84, -0.76)***
	-1.28 (-2.39, -0.18)**
	-1.47 (-2.60, -0.34)**
	

	
	28
	-2.41 (-3.49, -1.33)***
	-1.89 (-3.04, -0.74)***
	-2.17 (-3.33, -1.01)***
	

	
	
	-2.42 (-3.50, -1.34)***
	-1.88 (-3.03, -0.73)**
	-2.18 (-3.34, -1.02)***
	


*p-value<0.1; **p-value<0.05; ***p-value<0.001. All models were adjusted for age, race, height, weight, education level, smoking status, cumulative smoking, sine and cosine terms of the day of the year, day of the week, visit number, temperature, relative humidity, asthma, chronic bronchitis, emphysema, methacholine responsiveness, corticosteroids, sympathomimetics, anticholinergics.



Table S6. Differences in lung function (FEV1 and FVC) associated with an IQR increase in exposure to particulate air pollution - as observed in the cohort of men including and not including participants with physician-diagnosed coronary heart disease, stroke, diabetes, and hypertension. The results in bold indicate model evaluations where participants with the aforementioned conditions have been excluded from the analyses. Outcomes are expressed as the percent difference in FEV1 or FVC per IQR increase in PR. IQRs for PR are shown in Table 2 in the main manuscript. 
	
	Difference in FVC per IQR increase in PM2.5 (95% CI)
	Difference in FEV1 per IQR increase in PM2.5 (95% CI)

	Exposures
	PM2.5
	PM2.5 & PR
	PM2.5
	PM2.5 & PR

	
	7
	-1.12 (-1.86, -0.37)**
	-1.07 (-1.89, -0.25)**
	-0.86 (-1.68, 0.04)**
	-0.87 (-1.77, 0.03)*

	Exposure
	
	-1.05 (-1.79, -0.30)**
	-0.97 (-1.79, -0.14)**
	-0.80 (-1.62, 0.03)*
	-0.79 (-1.70, 0.11)*

	window
	14
	-1.83 (-2.75, -0.90)***
	-1.56 (-2.56, -0.55)**
	-1.55 (-2.56, -0.53)***
	-1.29 (-2.39, -0.18)**

	(days)
	
	-1.79 (-2.71, -0.87)***
	-1.48 (-2.49, -0.48)**
	-1.52 (-2.54, -0.51)**
	-1.25 (-2.35, -0.14)**

	
	21
	-2.11 (-3.10, -1.13)***
	-1.68 (-2.73, -0.63)**
	-2.01 (-3.09, -0.92)***
	-1.56 (-2.71, -0.41)**

	
	
	-2.14 (-3.12, -1.15)***
	-1.68 (-2.73, -0.64)**
	-2.02 (-3.11, -0.94)***
	-1.57 (-2.72, -0.42)**

	
	28
	-2.62 (-3.68, -1.56)***
	-1.95 (-3.08, -0.83)***
	-2.30 (-3.47, -1.13)***
	-1.59 (-2.83, -0.34)**

	
	
	-2.69 (-3.75, -1.63)***
	-2.01 (-3.14, -0.88)***
	-2.36 (-3.53, -1.19)***
	-1.65 (-2.90, -0.41)**

	
	Difference in FVC per IQR increase in BC (95% CI)
	Difference in FEV1 per IQR increase in BC (95% CI)

	Exposures
	BC
	BC & PR
	BC
	BC & PR

	
	7
	-1.43 (-2.43, -0.43)**
	-1.45 (-2.51, -0.39)**
	-1.10 (-2.23, -0.03)*
	-1.17 (-2.37, 0.03)*

	Exposure
	
	-1.46 (-2.46, -0.46)**
	-1.45 (-2.52, -0.39)**
	-1.13 (-2.25, 0.00)**
	-1.18 (-2.38, 0.01)*

	window
	14
	-2.53 (-3.97, -1.10)***
	-2.21 (-3.73, -0.68)**
	-2.46 (-4.09, -0.84)**
	-2.18 (-3.91, -0.46)**

	(days)
	
	-2.52 (-3.96, -1.08)***
	-2.14 (-3.67, -0.61)**
	-2.45 (-4.07, -0.82)**
	-2.15 (-3.87, -0.42)**

	
	21
	-2.75 (-4.32, -1.18)***
	-2.21 (-3.82, -0.59)**
	-2.73 (-4.50, -0.96)**
	-2.15 (-3.97, -0.33)**

	
	
	-2.82 (-4.38, -1.25)***
	-2.24 (-3.86, -0.62)**
	-2.80 (-4.57, -1.03)**
	-2.21 (-4.03, -0.38)**

	
	28
	-3.51 (-5.17, -1.85)***
	-2.66 (-4.37, -0.96)**
	-3.71 (-5.59, -1.83)***
	-2.80 (-4.73, -0.87)**

	
	
	-3.55 (-5.22, -1.88)***
	-2.66 (-4.38, -0.95)***
	-3.76 (-5.64, -1.87)***
	-2.84 (-4.77, -0.90)**


*p-value<0.1; **p-value<0.05; ***p-value<0.001. All models were adjusted for age, race, height, weight, education level, smoking status, cumulative smoking, sine and cosine terms of the day of the year, day of the week, visit number, temperature, relative humidity, asthma, chronic bronchitis, emphysema, methacholine responsiveness, corticosteroids, sympathomimetics, anticholinergics.



Table S7. Differences in lung function (FEV1 and FVC) associated with an IQR increase in exposure to PR - as observed in the cohort of men including (2,228 clinical measurements and 839 subjects) and not including (n=1,948) participants with physician-diagnosed asthma, emphysema and chronic bronchitis. The results in bold indicate model evaluations where participants with the aforementioned conditions have been excluded from the analyses. Outcomes are expressed as the percent difference in FEV1 or FVC per IQR increase in PR. IQRs for PR are shown in Table 2 in the main manuscript. 
	
	
	
Difference in FVC per IQR increase in exposure to PR (95 % CI)

	Exposures 
in model 
	
	
PR
	
PR & PM2.5
	
PR & BC
	

	
	7
	-0.60 (-1.40, 0.20)
	-0.12 (-1.00, 0.76)
	 0.05 (-0.81, 0.91)
	

	Exposure
	
	-0.76 (-1.58, 0.05)*
	-0.30 (-1.20, 0.59)
	-0.16 (-1.07, 0.76)
	

	window
	14
	-1.24 (-2.11, -0.36)**
	-0.67 (-1.61, 0.28)
	-0.62 (-1.57, 0.33)
	

	(days)
	
	-1.47 (-2.38, -0.56)**
	-1.01 (-1.99, -0.03)**
	-0.94 (-1.96, 0.08)*
	

	
	21
	-1.77 (-2.72, -0.83)***
	-1.22 (-2.22, -0.21)**
	-1.34 (-2.34, -0.35)**
	

	
	
	-1.84 (-2.82, -0.86)***
	-1.41 (-2.44, -0.37)**
	-1.54 (-2.61, -0.47)**
	

	
	28
	-2.41 (-3.39, -1.43)***
	-1.77 (-2.81, -0.73)***
	-2.02 (-3.04, -0.99)***
	

	
	
	-2.46 (-3.47, -1.45)***
	-1.94 (-3.01, -0.87)***
	-2.15 (-3.25, -1.06)***
	

	
	
	
Difference in FEV1 per IQR increase in exposure to PR (95% CI)

	Exposures 
in model
	
	
PR
	
PR & PM2.5
	
PR & BC
	

	
	7
	-0.35 (-1.24, 0.53)
	 0.03 (-0.93, 1.00)
	 0.16 (-0.81, 1.13) 
	

	Exposure
	
	-0.54 (-1.43, 0.35)
	 -0.15 (-1.12, 0.83)
	 0.01 (-0.98, 1.01)
	

	window
	14
	-1.10 (-2.07, -0.14)**
	-0.64 (-1.68, 0.41)
	-0.52 (-1.59, 0.54) 
	

	(days)
	
	-1.28 (-2.27, -0.28)**
	-0.90 (-1.97, 0.18)*
	-0.78 (-1.89, 0.33)
	

	
	21
	-1.77 (-2.81, -0.73)***
	-1.26 (-2.36, -0.16)**
	-1.44 (-2.56, -0.31)**
	

	
	
	-1.78 (-2.84, -0.71)***
	-1.35 (-2.48, -0.23)**
	-1.52 (-2.69, -0.36)**
	

	
	28
	-2.41 (-3.49, -1.33)***
	-1.89 (-3.04, -0.74)***
	-2.17 (-3.33, -1.01)***
	

	
	
	-2.37 (-3.47, -1.27)***
	-1.94 (-3.11, -0.77)**
	-2.15 (-3.34, -0.95)***
	


*p-value<0.1; **p-value<0.05; ***p-value<0.001. All models were adjusted for age, race, height, weight, education level, smoking status, cumulative smoking, sine and cosine terms of the day of the year, day of the week, visit number, temperature, relative humidity, asthma, chronic bronchitis, emphysema, methacholine responsiveness, corticosteroids, sympathomimetics, anticholinergics.



Table S8. Differences in lung function (FEV1 and FVC) associated with an IQR increase in exposure to particulate air pollution - as observed in the cohort of men including (2,228 clinical measurements and 839 subjects) and not including (n=1,948) participants with physician-diagnosed asthma, emphysema and chronic bronchitis. The results in bold indicate model evaluations where participants with the aforementioned conditions have been excluded from the analyses. Outcomes are expressed as the difference in FEV1 or FVC per IQR increase in particulate air pollution (PM2.5 mass and BC, respectively). IQRs for PM2.5 mass and BC are shown in Table 2 in the main manuscript. 
	
	Difference in FVC per IQR increase in PM2.5 (95% CI)
	Difference in FEV1 per IQR increase in PM2.5 (95% CI)

	Exposures
	PM2.5
	PM2.5 & PR
	PM2.5
	PM2.5 & PR

	
	7
	-1.12 (-1.86, -0.37)**
	-1.07 (-1.89, -0.25)**
	-0.86 (-1.68, 0.04)**
	-0.87 (-1.77, 0.03)*

	Exposure
	
	-1.11 (-1.84, -0.37)**
	-0.99 (-1.80, -0.19)**
	-0.91 (-1.71, -0.11)**
	-0.85 (-1.73, 0.03)*

	window
	14
	-1.83 (-2.75, -0.90)***
	-1.56 (-2.56, -0.55)**
	-1.55 (-2.56, -0.53)***
	-1.29 (-2.39, -0.18)**

	(days)
	
	-1.66 (-2.58, -0.74)***
	-1.28 (-2.28, -0.28)**
	-1.40 (-2.41, -0.39)**
	-1.06 (-2.15, 0.02)*

	
	21
	-2.11 (-3.10, -1.13)***
	-1.68 (-2.73, -0.63)**
	-2.01 (-3.09, -0.92)***
	-1.56 (-2.71, -0.41)**

	
	
	-1.78 (-2.77, -0.79)***
	-1.31 (-2.36, -0.26)**
	-1.74 (-2.81, -0.67)**
	-1.29 (-2.42, -0.15)**

	
	28
	-2.62 (-3.68, -1.56)***
	-1.95 (-3.08, -0.83)***
	-2.30 (-3.47, -1.13)***
	-1.59 (-2.83, -0.34)**

	
	
	-2.29 (-3.36, -1.23)***
	-1.60 (-2.73, -0.47)**
	-2.02 (-3.18, -0.85)***
	-1.32 (-2.56, -0.08)**

	
	Difference in FVC per IQR increase in BC (95% CI)
	Difference in FEV1 per IQR increase in BC (95% CI)

	Exposures
	BC
	BC & PR
	BC
	BC & PR

	
	7
	-1.43 (-2.43, -0.43)**
	-1.45 (-2.51, -0.39)**
	-1.10 (-2.23, -0.03)*
	-1.17 (-2.37, 0.03)*

	Exposure
	
	-1.38 (-2.43, -0.33)**
	-1.31 (-2.43, -0.20)**
	-1.16 (-2.31, -0.02)**
	-1.17 (-2.39, 0.05)**

	window
	14
	-2.53 (-3.97, -1.10)***
	-2.21 (-3.73, -0.68)**
	-2.46 (-4.09, -0.84)**
	-2.18 (-3.91, -0.46)**

	(days)
	
	-2.50 (-4.01, -0.99)**
	-2.05 (-3.64, -0.46)**
	-2.36 (-4.01, -0.71)**
	-1.99 (-3.73, -0.25)**

	
	21
	-2.75 (-4.32, -1.18)***
	-2.21 (-3.82, -0.59)**
	-2.73 (-4.50, -0.96)**
	-2.15 (-3.97, -0.33)**

	
	
	-2.59 (-4.22, -0.95)**
	-2.01 (-3.69, -0.33)**
	-2.55 (-4.33, -0.77)**
	-1.98 (-3.81, -0.15)**

	
	28
	-3.51 (-5.17, -1.85)***
	-2.66 (-4.37, -0.96)**
	-3.71 (-5.59, -1.83)***
	-2.80 (-4.73, -0.87)**

	
	
	-3.33 (-5.06, -1.61)***
	-2.47 (-4.24, -0.70)***
	-3.47 (-5.36, -1.59)***
	-2.62 (-4.55, -0.70)**


*p-value<0.1; **p-value<0.05; ***p-value<0.001. All models were adjusted for age, race, height, weight, education level, smoking status, cumulative smoking, sine and cosine terms of the day of the year, day of the week, visit number, temperature, relative humidity, asthma, chronic bronchitis, emphysema, methacholine responsiveness, corticosteroids, sympathomimetics, anticholinergics.




Table S9. Differences in lung function (FEV1 and FVC) associated with an IQR increase in exposure to PR, as observed in the cohort of men, for 2,228 clinical visits (n=839 subjects) – where models have and have not controlled for potential survival bias using inverse probability weighting. The results in bold indicate model evaluations have controlled for survival bias. Outcomes are expressed as the percent difference in FEV1 or FVC per IQR increase in PR. IQRs for PR are shown in Table 2 in the main manuscript. 
	
	
	
Difference in FVC per IQR increase in exposure to PR (95 % CI)

	Exposures 
in model 
	
	
PR
	
PR & PM2.5
	
PR & BC
	

	
	7
	-0.60 (-1.40, 0.20)
	-0.12 (-1.00, 0.76)
	 0.05 (-0.81, 0.91)
	

	Exposure
	
	-1.14 (-1.81, -0.48)***
	-0.80 (-1.54, -0.05)**
	-0.37 (-1.10, 0.36)
	

	window
	14
	-1.24 (-2.11, -0.36)**
	-0.67 (-1.61, 0.28)
	-0.62 (-1.57, 0.33)
	

	(days)
	
	-1.58 (-2.31, -0.85)***
	-1.13 (-1.92, -0.34)**
	-0.71 (-1.51, 0.09)*
	

	
	21
	-1.77 (-2.72, -0.83)***
	-1.22 (-2.22, -0.21)**
	-1.34 (-2.34, -0.35)**
	

	
	
	-2.10 (-2.87, -1.31)***
	-1.66 (-2.49, -0.82)***
	-1.28 (-2.12, -0.42)**
	

	
	28
	-2.41 (-3.39, -1.43)***
	-1.77 (-2.81, -0.73)***
	-2.02 (-3.04, -0.99)***
	

	
	
	-2.43 (-3.22, -1.64)***
	-1.94 (-2.79, -1.10)***
	-1.57 (-2.43, -0.70)***
	

	
	
	
Difference in FEV1 per IQR increase in exposure to PR (95% CI)

	Exposures 
in model
	
	
PR
	
PR & PM2.5
	
PR & BC
	

	
	7
	-0.35 (-1.24, 0.53)
	 0.03 (-0.93, 1.00)
	 0.16 (-0.81, 1.13) 
	

	Exposure
	
	-0.54 (-1.29, 0.21)
	 -0.28 (-1.11, 0.56)
	 -0.01 (-0.84, 0.83)
	

	window
	14
	-1.10 (-2.07, -0.14)**
	-0.64 (-1.68, 0.41)
	-0.52 (-1.59, 0.54) 
	

	(days)
	
	-0.97 (-1.79, -0.14)**
	-0.67 (-1.56, 0.23)
	-0.42 (-1.34, 0.50)
	

	
	21
	-1.77 (-2.81, -0.73)***
	-1.26 (-2.36, -0.16)**
	-1.44 (-2.56, -0.31)**
	

	
	
	-1.51 (-2.39, -0.62)***
	-1.23 (-2.17, -0.28)**
	-1.13 (-2.10, -0.15)**
	

	
	28
	-2.41 (-3.49, -1.33)***
	-1.89 (-3.04, -0.74)***
	-2.17 (-3.33, -1.01)***
	

	
	
	-1.95 (-2.84, -1.04)***
	-1.64 (-2.59, -0.68)***
	-1.56 (-2.55, -0.56)***
	


*p-value<0.1; **p-value<0.05; ***p-value<0.001. All models were adjusted for age, race, height, weight, education level, smoking status, cumulative smoking, sine and cosine terms of the day of the year, day of the week, visit number, temperature, relative humidity, asthma, chronic bronchitis, emphysema, methacholine responsiveness, corticosteroids, sympathomimetics, anticholinergics.



Table S10. Difference in lung function (FEV1 and FVC) associated with an IQR increase in exposure to particulate air pollution, as observed in the cohort of men, for 2,228 clinical visits (n=839 subjects) – where models have and have not controlled for potential survival bias using inverse probability weighting. The results in bold indicate model evaluations have controlled for survival bias. Outcomes are expressed as the difference in FEV1 or FVC per IQR increase in particulate air pollution (PM2.5 mass or BC). IQRs for PM2.5 mass and BC are shown in Table 2 in the main manuscript. 
	
	Difference in FVC per IQR increase in PM2.5 (95% CI)
	Difference in FEV1 per IQR increase in PM2.5 (95% CI)

	Exposures
	PM2.5
	PM2.5 & PR
	PM2.5
	PM2.5 & PR

	
	7
	-1.12 (-1.86, -0.37)**
	-1.07 (-1.89, -0.25)**
	-0.86 (-1.68, 0.04)**
	-0.87 (-1.77, 0.03)*

	Exposure
	
	-1.01 (-1.57, -0.44)***
	-0.71 (-1.34, -0.09)**
	-0.67 (-1.31, -0.04)**
	-0.57 (-1.27, 0.13)

	window
	14
	-1.83 (-2.75, -0.90)***
	-1.56 (-2.56, -0.55)**
	-1.55 (-2.56, -0.53)***
	-1.29 (-2.39, -0.18)**

	(days)
	
	-1.48 (-2.14, -0.83)***
	-1.11 (-1.82, -0.40)**
	-1.01 (-1.75, -0.27)**
	-0.79 (-1.59, 0.01)*

	
	21
	-2.11 (-3.10, -1.13)***
	-1.68 (-2.73, -0.63)**
	-2.01 (-3.09, -0.92)***
	-1.56 (-2.71, -0.41)**

	
	
	-1.59 (-2.25, -0.92)***
	-1.13 (-1.83, -0.42)**
	-1.12 (-1.88, -0.37)**
	-0.79 (-1.58, 0.01)*

	
	28
	-2.62 (-3.68, -1.56)***
	-1.95 (-3.08, -0.83)***
	-2.30 (-3.47, -1.13)***
	-1.59 (-2.83, -0.34)**

	
	
	-1.80 (-2.49, -1.13)***
	-1.27 (-1.99, -0.54)***
	-1.31 (-2.08, -0.53)**
	-0.86 (-1.67, 0.03)**

	
	Difference in FVC per IQR increase in BC (95% CI)
	Difference in FEV1 per IQR increase in BC (95% CI)

	Exposures
	BC
	BC & PR
	BC
	BC & PR

	
	7
	-1.43 (-2.43, -0.43)**
	-1.45 (-2.51, -0.39)**
	-1.10 (-2.23, -0.03)*
	-1.17 (-2.37, 0.03)*

	Exposure
	
	-1.74 (-2.47, -1.02)***
	-1.60 (-2.37, -0.81)***
	-1.00 (-1.83, -0.15)**
	-0.98 (-1.88, 0.08)**

	window
	14
	-2.53 (-3.97, -1.10)***
	-2.21 (-3.73, -0.68)**
	-2.46 (-4.09, -0.84)**
	-2.18 (-3.91, -0.46)**

	(days)
	
	-2.70 (-3.55, -1.84)***
	-2.44 (-3.34, -1.53)***
	-1.67 (-2.68, -0.68)**
	-1.53 (-2.58, -0.46)**

	
	21
	-2.75 (-4.32, -1.18)***
	-2.21 (-3.82, -0.59)**
	-2.73 (-4.50, -0.96)**
	-2.15 (-3.97, -0.33)**

	
	
	-2.73 (-3.58, -1.88)***
	-2.33 (-3.22, -1.43)***
	-1.65 (-2.64, -0.64)**
	-1.29 (-2.33, -0.24)**

	
	28
	-3.51 (-5.17, -1.85)***
	-2.66 (-4.37, -0.96)**
	-3.71 (-5.59, -1.83)***
	-2.80 (-4.73, -0.87)**

	
	
	-2.85 (-3.70, -1.99)***
	-2.36 (-3.26, -1.46)***
	-1.81 (-2.81, -0.80)***
	-1.33 (-2.38, -0.28)**


*p-value<0.1; **p-value<0.05; ***p-value<0.001. All models were adjusted for age, race, height, weight, education level, smoking status, cumulative smoking, sine and cosine terms of the day of the year, day of the week, visit number, temperature, relative humidity, asthma, chronic bronchitis, emphysema, methacholine responsiveness, corticosteroids, sympathomimetics, anticholinergics.

[bookmark: _GoBack]

Note on the analyses tools used in the study
All analyses were performed using R software (http://cran-r-project.org). The functions and libraries used in the processing of data and the statistical analyses include the following: lme, lme4, nlme, gamm4, dppyr, tidyr, foreign, stats, MASS, splines, mgcv, ggplot and corrplot. 
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IARC (International Agency for Research on Cancer). 2001. IARC monographs on the evaluation of carcinogenic risks to humans: Volume 78: Ionizing radiation, part 2: Some internally deposited radionuclides. IARC Working Group on the Evaluation of Carcinogen Risks to Humans, World Health Organization, IARC Press, Lyon, France. 
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