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eTable S1 Exposure sources and potential estrogen disrupting effects of the 11 hazardous air pollutants included in this study
	
	Potential exposure source for general population*
	Potential estrogen disrupting effects based on literature

	arsenic (inorganic including arsine)
	Used in wood preservation (phased out now); for most people, diet is the largest source of exposure, with smaller intakes from drinking water and air
	Estrogenic in vitro and in vivo 1,2

	biphenyl
	used in organic syntheses, heat transfer fluids, dye carriers, food preservatives, as an intermediate for PCBs, and as a fungistat ; exposure can occur in the workplace, by consumption of contaminated water and fruit, and from diesel exhaust
	Estrogenic in vitro 3

	cadmium compounds
	The largest sources of airborne cadmium in the environment are the burning of fossil fuels and  incineration of municipal waste materials. Cadmium may also be emitted into the air from zinc, lead, or copper smelters; For nonsmokers, food is generally the largest source of cadmium exposure. Smoking is another important source
	Estrogenic; estrogen receptor agonist in vitro and in vivo 2,4,5

	chlorobenzilate
	Primarily used as a non-systemic pesticide in spider and mite control. Mostly from occupational exposure; can also be exposed via contaminated air, water or fruit 
	Estrogenic in vitro 6 

	bis(2-ethylhexyl) phthalate (DEHP)
	Used as a plasticizer; exposure most probably from food, and can be also from certain medical procedures, ambient air and workplace
	Estrogenic in vitro 7

	dibutylphthalate
	Used as a plasticizer, largest source from food from packaging materials; can be exposed from  ambient air and indoor air , or water supplies
	Estrogenic in vitro 8,9 

	dimethyl formamide
	primarily used as an industrial solvent; most likely to be exposed in workplace
	Induce change in estradiol receptor conformation; estrogenic in vivo 10

	4-nitrophenol
	used to manufacture drugs fungicides, methyl and ethyl parathion insecticides, and dyes and to darken leather; Most exposure occurs in workplace
	Estrogenic in vitro 11 and in vivo studies 12

	styrene 
	Indoor air exposure due to emissions from building materials, consumer products, and tobacco smoke; ambient air exposure to lower levels; occupational exposure occurs in the reinforced plastics industry and polystyrene factories.
	estrogenic in vitro 13

	diesel engine emissions
	From diesel exhaust
	Diesel emission particles contain substances with estrogenic, antiestrogenic and antiandrogenic activities 14

	selenium compounds
	Food and drinking water; low levels from ambient air, and occupational exposure in the metal industries, selenium-recovery processes, painting, and special trades. 
	estrogen antagonist in vitro 5,15,16


* Based on EPA website 17
eTable S2 CTS participants’ characteristics by case status
	 
	Non-Case
	
	Case
	
	All

	
	 N 
	%
	
	 N 
	%
	
	 N 
	%

	Total
	   107,018 
	100
	
	   5,361 
	100
	
	 112,379 
	100

	Race and birth places
	
	
	
	
	
	
	
	

	White
	     92,119 
	86
	
	   4,774 
	89
	
	   96,893 
	86

	Non-white US born
	     10,985 
	10
	
	      441 
	8
	
	   11,426 
	10

	Non-white non-US born
	       2,772 
	3
	
	        92 
	2
	
	     2,864 
	3

	Other/Unknown
	       1,142 
	1
	
	        54 
	1
	
	     1,196 
	1

	Family history of breast cancer
	
	
	
	
	
	
	
	

	No
	     90,644 
	85
	
	   4,250 
	79
	
	   94,894 
	84

	Yes
	     12,268 
	11
	
	      918 
	17
	
	   13,186 
	12

	Unknown
	       4,106 
	4
	
	      193 
	4
	
	     4,299 
	4

	Age at menarche (years)
	
	
	
	
	
	
	
	

	<=11
	     23,635 
	22
	
	   1,274 
	24
	
	   24,909 
	22

	12-13
	     59,903 
	56
	
	   2,966 
	55
	
	   62,869 
	56

	>=14
	     21,807 
	20
	
	   1,048 
	20
	
	   22,855 
	20

	Unknown/Never
	       1,673 
	2
	
	        73 
	1
	
	     1,746 
	2

	Age at first full term pregnancy (years)
	
	
	
	
	
	
	
	

	Nulliparous 
	     28,311 
	26
	
	   1,229 
	23
	
	   29,540 
	26

	<=24
	     27,182 
	25
	
	   1,455 
	27
	
	   28,637 
	25

	25-29
	     31,203 
	29
	
	   1,655 
	31
	
	   32,858 
	29

	>=30
	     18,173 
	17
	
	      924 
	17
	
	   19,097 
	17

	Unknown
	       2,149 
	2
	
	        98 
	2
	
	     2,247 
	2

	TOTAL months of breast feed 
	
	
	
	
	
	
	
	

	Nulliparous
	     21,921 
	20
	
	      965 
	18
	
	   22,886 
	20

	Pregnant, but no live birth
	       6,257 
	6
	
	      263 
	5
	
	     6,520 
	6

	0 month
	     17,024 
	16
	
	   1,045 
	19
	
	   18,069 
	16

	<6 months
	     18,668 
	17
	
	      977 
	18
	
	   19,645 
	17

	6-11 months
	     14,413 
	13
	
	      734 
	14
	
	   15,147 
	13

	>=12 months
	     26,071 
	24
	
	   1,263 
	24
	
	   27,334 
	24

	Unknown
	       2,664 
	2
	
	      114 
	2
	
	     2,778 
	2

	Strenuous physical activity (lifetime average to age 54)
	
	
	
	
	
	
	
	

	0-.50 hrs/wk
	     31,884 
	30
	
	   1,915 
	36
	
	   33,799 
	30

	0.51-2.00
	     34,092 
	32
	
	   1,703 
	32
	
	   35,795 
	32

	2.01-3.50
	     18,754 
	18
	
	      831 
	16
	
	   19,585 
	17

	3.51-5.00
	     10,186 
	10
	
	      451 
	8
	
	   10,637 
	9

	>5.00
	     11,320 
	11
	
	      413 
	8
	
	   11,733 
	10

	Unknown
	          782 
	1
	
	        48 
	1
	
	        830 
	1

	Body mass index (kg/m2)
	
	
	
	
	
	
	
	

	16.0-24.9
	     62,924 
	59
	
	   2,946 
	55
	
	   65,870 
	59

	25.0-29.9
	     25,170 
	24
	
	   1,439 
	27
	
	   26,609 
	24

	30.0-54.8
	     14,254 
	13
	
	      746 
	14
	
	   15,000 
	13

	Outlier/Unknown
	       4,670 
	4
	
	      230 
	4
	
	     4,900 
	4

	Combination of menopausal status and past or current hormone therapy(HT)
	
	
	
	
	
	
	
	

	pre-menopausal
	     44,268 
	41
	
	   1,295 
	24
	
	   45,563 
	41

	peri/post & no ht
	     12,591 
	12
	
	      661 
	12
	
	   13,252 
	12

	peri/post & past ht
	       7,282 
	7
	
	      388 
	7
	
	     7,670 
	7

	peri/post & current estrogen user
	     13,912 
	13
	
	      890 
	17
	
	   14,802 
	13

	    peri/post & current estrogen and progestin user
	     14,668 
	14
	
	   1,297 
	24
	
	   15,965 
	14

	other/unknown
	     14,297 
	13
	
	      830 
	15
	
	   15,127 
	13

	Alcohol consumption (gram/day)
	
	
	
	
	
	
	
	

	None
	     34,368 
	32
	
	   1,573 
	29
	
	   35,941 
	32

	<20
	     58,611 
	55
	
	   2,961 
	55
	
	   61,572 
	55

	>=20
	       8,108 
	8
	
	      571 
	11
	
	     8,679 
	8

	Unknown
	       5,931 
	6
	
	      256 
	5
	
	     6,187 
	6

	Smoking exposure categories
	
	
	
	
	
	
	
	

	No passive/active exposure
	     20,931 
	20
	
	      831 
	16
	
	   21,762 
	19

	Passive exposure only
	     49,703 
	46
	
	   2,286 
	43
	
	   51,989 
	46

	Former smoker
	     29,757 
	28
	
	   1,837 
	34
	
	   31,594 
	28

	Current smoker
	       5,365 
	5
	
	      335 
	6
	
	     5,700 
	5

	Unknown
	       1,262 
	1
	
	        72 
	1
	
	     1,334 
	1

	Total pack years of smoking
	
	
	
	
	
	
	
	

	Never smokers
	     71,206 
	67
	
	   3,143 
	59
	
	   74,349 
	66

	<=10
	     17,303 
	16
	
	      942 
	18
	
	   18,245 
	16

	11-20
	       5,977 
	6
	
	      400 
	7
	
	     6,377 
	6

	21-30
	       3,510 
	3
	
	      261 
	5
	
	     3,771 
	3

	>=31
	       5,206 
	5
	
	      393 
	7
	
	     5,599 
	5

	Unknown
	       3,816 
	4
	
	      222 
	4
	
	     4,038 
	4

	Neighborhood socioeconomic status (BG2000)
	
	
	
	
	
	
	
	

	Quartile 1
	     26,886 
	25
	
	   1,208 
	23
	
	   28,094 
	25

	Quartile 2
	     26,862 
	25
	
	   1,236 
	23
	
	   28,098 
	25

	Quartile 3
	     26,715 
	25
	
	   1,368 
	26
	
	   28,083 
	25

	Quartile 4
	     26,544 
	25
	
	   1,549 
	29
	
	   28,093 
	25

	Unknown
	            11 
	0
	
	 . 
	.
	
	          11 
	0




eTable S3 Median and range of quintiles of participants’ estimated exposure to Hazardous Air Pollutants with potential estrogen disrupting effects (µg/m3)
	 
	quintile 1
	
	quintile 2
	
	quintile 3
	
	quintile 4
	
	quintile 5

	HAP
	Median
	Min
	Max
	
	Median
	Min
	Max
	
	Median
	Min
	Max
	
	Median
	Min
	Max
	
	Median
	Min
	Max

	arsenic compounds
	2.7E-04
	1.3E-04
	3.6E-04
	
	4.4E-04
	3.6E-04
	5.1E-04
	
	5.9E-04
	5.1E-04
	6.7E-04
	
	7.8E-04
	6.7E-04
	9.5E-04
	
	1.2E-03
	9.5E-04
	1.1E-02

	biphenyl 
	1.1E-05
	1.9E-08
	2.1E-05
	
	3.2E-05
	2.1E-05
	4.3E-05
	
	5.8E-05
	4.3E-05
	7.7E-05
	
	1.2E-04
	7.7E-05
	1.8E-04
	
	2.8E-04
	1.8E-04
	2.8E-03

	cadmium compounds 
	1.1E-04
	3.9E-05
	1.4E-04
	
	1.7E-04
	1.4E-04
	1.9E-04
	
	2.1E-04
	1.9E-04
	2.4E-04
	
	2.7E-04
	2.4E-04
	3.2E-04
	
	4.1E-04
	3.2E-04
	1.2E-02

	chlorobenzilate 
	
	
	
	
	
	
	
	
	
	
	
	
	1.1E-11
	2.4E-12
	1.7E-11
	
	4.0E-11
	1.7E-11
	1.3E-04

	DEHP 
	5.3E-03
	5.2E-03
	5.3E-03
	
	5.4E-03
	5.3E-03
	5.7E-03
	
	6.3E-03
	5.7E-03
	6.7E-03
	
	8.0E-03
	6.7E-03
	1.0E-02
	
	1.5E-02
	1.0E-02
	1.8E+00

	dibutylphthalate 
	2.3E-05
	3.0E-08
	3.9E-05
	
	6.0E-05
	3.9E-05
	7.8E-05
	
	1.0E-04
	7.8E-05
	1.4E-04
	
	2.8E-04
	1.4E-04
	7.4E-04
	
	4.8E-03
	7.4E-04
	2.2E+00

	4-nitrophenol 
	1.9E-05
	3.4E-08
	3.5E-05
	
	5.4E-05
	3.6E-05
	7.2E-05
	
	9.1E-05
	7.2E-05
	1.1E-04
	
	1.4E-04
	1.1E-04
	2.0E-04
	
	2.5E-04
	2.0E-04
	5.5E-03

	dimethyl formamide 
	2.1E-05
	9.3E-09
	4.5E-05
	
	6.9E-05
	4.5E-05
	1.2E-04
	
	1.9E-04
	1.2E-04
	3.2E-04
	
	5.6E-04
	3.2E-04
	1.4E-03
	
	2.9E-03
	1.4E-03
	4.0E-01

	styrene 
	6.1E-03
	4.8E-05
	1.1E-02
	
	1.6E-02
	1.1E-02
	2.0E-02
	
	2.7E-02
	2.0E-02
	3.7E-02
	
	5.5E-02
	3.7E-02
	1.0E-01
	
	2.6E-01
	1.0E-01
	5.0E+01

	selenium compounds 
	1.0E-04
	2.7E-07
	1.6E-04
	
	2.1E-04
	1.6E-04
	2.7E-04
	
	3.3E-04
	2.7E-04
	4.0E-04
	
	4.8E-04
	4.0E-04
	6.0E-04
	
	9.4E-04
	6.0E-04
	9.4E-02

	diesel emissions 
	6.4E-01
	4.7E-02
	8.3E-01
	
	1.0E+00
	8.3E-01
	1.2E+00
	
	1.4E+00
	1.2E+00
	1.6E+00
	
	1.8E+00
	1.6E+00
	2.2E+00
	
	2.7E+00
	2.2E+00
	3.8E+01


Note: arsenic compounds, inorganic, include arsine
HAPs: hazardous air pollutants
 DEHP: bis(2-ethylhexyl) phthalate
eTable S4 Adjusted hazardous ratios (HR) for invasive breast cancer risk by hormone receptor status, smoking status and residential stability due to exposure to inorganic arsenic and cadmium compounds (reference: quintile 1) 
	 
	smoking
	residential 
	 
	All invasive breast cancer
	
	ER+ or PR +
	
	ER - and PR -

	 
	status
	stability
	quintiles
	HR (95%CI)
	
	HR (95%CI)
	
	HR (95%CI)

	Inorganic arsenic compounds
	never smokers
	movers
	quintile 2
	1.09 (0.91, 1.31)
	
	1.15 (0.93, 1.42)
	
	1.25 (0.77, 2.02)

	
	
	
	quintile 3
	1.06 (0.89, 1.27)
	
	1.10 (0.89, 1.36)
	
	1.14 (0.70, 1.86)

	
	
	
	quintile 4
	1.02 (0.85, 1.22)
	
	1.08 (0.87, 1.34)
	
	1.13 (0.69, 1.85)

	
	
	
	quintile 5
	1.01 (0.84, 1.21)
	
	1.12 (0.91, 1.38)
	
	1.04 (0.63, 1.71)

	
	
	nonmovers
	quintile 2
	1.08 (0.94, 1.24)
	
	1.10 (0.93, 1.29)
	
	1.48 (0.96, 2.28)

	
	
	
	quintile 3
	1.02 (0.88, 1.17)
	
	1.04 (0.89, 1.23)
	
	1.49 (0.96, 2.29)

	
	
	
	quintile 4
	1.09 (0.94, 1.26)
	
	1.09 (0.92, 1.28)
	
	1.41 (0.91, 2.18)

	
	
	
	quintile 5
	1.05 (0.91, 1.21)
	
	1.02 (0.87, 1.21)
	
	1.65 (1.08, 2.53)

	
	others
	movers
	quintile 2
	0.84 (0.68, 1.04)
	
	0.87 (0.68, 1.11)
	
	0.88 (0.48, 1.64)

	
	
	
	quintile 3
	0.92 (0.75, 1.14)
	
	0.96 (0.75, 1.22)
	
	0.88 (0.47, 1.64)

	
	
	
	quintile 4
	0.95 (0.77, 1.17)
	
	0.93 (0.73, 1.19)
	
	1.43 (0.82, 2.49)

	
	
	
	quintile 5
	1.08 (0.88, 1.32)
	
	1.11 (0.88, 1.39)
	
	0.87 (0.46, 1.62)

	
	
	nonmovers
	quintile 2
	0.96 (0.81, 1.14)
	
	0.95 (0.78, 1.16)
	
	0.98 (0.61, 1.60)

	
	
	
	quintile 3
	0.97 (0.82, 1.15)
	
	1.02 (0.84, 1.24)
	
	0.78 (0.47, 1.30)

	
	
	
	quintile 4
	0.96 (0.81, 1.14)
	
	0.97 (0.80, 1.18)
	
	0.91 (0.55, 1.49)

	
	
	
	quintile 5
	1.00 (0.84, 1.19)
	
	1.10 (0.91, 1.34)
	
	0.69 (0.40, 1.19)

	Cadmium compounds
	never smokers
	movers
	quintile 2
	0.96 (0.80, 1.14)
	
	1.08 (0.88, 1.33)
	
	0.83 (0.52, 1.32)

	
	
	
	quintile 3
	1.01 (0.84, 1.20)
	
	1.05 (0.85, 1.30)
	
	0.85 (0.54, 1.35)

	
	
	
	quintile 4
	0.92 (0.76, 1.10)
	
	1.04 (0.84, 1.28)
	
	0.77 (0.48, 1.23)

	
	
	
	quintile 5
	0.88 (0.74, 1.06)
	
	1.01 (0.81, 1.25)
	
	0.73 (0.45, 1.18)

	
	
	nonmovers
	quintile 2
	1.02 (0.88, 1.17)
	
	1.10 (0.94, 1.30)
	
	1.20 (0.78, 1.85)

	
	
	
	quintile 3
	1.02 (0.88, 1.17)
	
	1.06 (0.90, 1.25)
	
	1.24 (0.81, 1.92)

	
	
	
	quintile 4
	1.01 (0.88, 1.17)
	
	1.01 (0.86, 1.19)
	
	1.58 (1.05, 2.40)

	
	
	
	quintile 5
	1.01 (0.88, 1.17)
	
	1.03 (0.87, 1.22)
	
	1.64 (1.08, 2.49)

	
	others
	movers
	quintile 2
	1.13 (0.92, 1.39)
	
	1.12 (0.88, 1.42)
	
	1.3 (0.70, 2.43)

	
	
	
	quintile 3
	1.10 (0.89, 1.35)
	
	1.11 (0.88, 1.41)
	
	1.02 (0.53, 1.99)

	
	
	
	quintile 4
	1.01 (0.81, 1.25)
	
	0.97 (0.75, 1.24)
	
	1.69 (0.93, 3.08)

	
	
	
	quintile 5
	1.19 (0.96, 1.47)
	
	1.15 (0.90, 1.47)
	
	1.40 (0.75, 2.62)

	
	
	nonmovers
	quintile 2
	1.27 (1.07, 1.50)
	
	1.37 (1.13, 1.67)
	
	0.87 (0.53, 1.43)

	
	
	
	quintile 3
	1.18 (0.99, 1.40)
	
	1.28 (1.05, 1.56)
	
	0.82 (0.49, 1.36)

	
	
	
	quintile 4
	1.05 (0.87, 1.25)
	
	1.14 (0.93, 1.40)
	
	0.64 (0.38, 1.10)

	
	
	
	quintile 5
	1.15 (0.95, 1.38)
	
	1.14 (0.92, 1.41)
	
	1.10 (0.67, 1.80)
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