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Abstract

We investigated the association of individual-level ambient exposure to black carbon
(spatiotemporal model-based estimate for latitude and longitude of residential address) with
individual, household, and census tract socioeconomic measures among a study sample comprised
of 1757 US urban working class white, black and Latino adults (age 25-64) recruited for two
studies conducted in Boston, MA (2003-2004-2008-2010). Controlling for age, study, and exam
date, the estimated average annual black carbon exposure for the year prior to study enroliment at
the participants' residential address was directly associated with census tract poverty (beta = 0.373;
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95% confidence interval (CI) 0.322, 0.423) but not with annual household income or education;
null associations with race/ethnicity became significant only after controlling for socioeconomic
position.
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Introduction

Despite growing awareness of the need to integrate social epidemiologic and environmental
health analyses (Morello-Frosch, 2002; Payne-Sturges et al, 2006; Brulle and Pellow, 2006;
Krieger, 2011), only four studies (3 European, 1 US) have simultaneously investigated the
association of contextual, household, and individual-level socioeconomic position with
residential exposure to air pollution. These studies, all of urban populations, all found that
exposure to air pollution -- whether nitrogen dioxide (NO5)(Chaix et al, 2006; Hajat et al,
2013), nitrogen oxides (NOy)(Goodman et al, 2011), fine particulate matter < 2.5
micrometers in diameter (PM> 5) (Hajat et al, 2013), or traffic indicators (Cesaroni et al,
2011) — was more strongly associated with neighborhood-level compared to individual- and
household-level measures of socioeconomic position.

We add to this limited literature by investigating the association of exposure to black carbon
with individual, household, and census tract socioeconomic measures among US urban
working class white, black and Latino adults. We focus on black carbon because it is a
major component of traffic-related air pollution, a key contributor to urban air pollution
(Gryparis et al 2007). Informed by the ecosocial theory of disease distribution and its
approach to analyzing the adverse impact of multiple types of social injustice at diverse
levels and spatiotemporal scales (Krieger, 2011), our a priori hypothesis was that the
observed social patterning of exposure to black carbon would depend on both the level of
measurement of socioeconomic position and race/ethnicity.

Materials and methods

To test our hypothesis, we linked 3 data sets, each geocoded to latitude-longitude based on
exact street address of residence: two with data on the study participants, and the third with
spatiotemporal data on black carbon exposure. Our investigation was approved as exempt by
the Harvard School of Public Health Institutional Review Board (Protocol #23169-101),
effective November 5, 2012.

Study population

The two Boston-based studies included the same socioeconomic measures. The first was the
United for Health (UFH) study (2003-2004), which recruited 1202 employed working class
adults, age 25-64, who worked in wholesale meat and meat production, retail grocery stores,
lighting fixtures manufacturing, and school bus services; the study response rate was 72%

(Barbeau et al, 2007). The second was the My Body, My Sory (MBMS) study (2008-2010),
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comprised of a random sample of 1005 black and white non-Hispanic US-born members,
age 35-64, from four Boston community health centers; the study response rate was 82%
(Krieger et al, 2011). The proportion of participants geocoded to latitude-longitude based on
residential street address were, respectively, 93% for UFH and 95% for MBMS. In both
studies, race/ethnicity — conceptualized as a social construct arising from inequitable race
relations that shape living and working conditions and hence population health (Winant,
2000; Krieger, 2012) — was measured based on self-report using pre-specified categories
employed in the US census (US Census, 2013).

Socioeconomic measures

We conceptualized socioeconomic position as an inherently multidimensional construct,
whose manifest dimensions (e.g., educational attainment, occupational class, and income)
can each be measured at different levels (e.g., individual, household, neighborhood) and at
different points in time (e.g., childhood, adulthood) (Krieger et al, 1997; Lynch and Kaplan,
2000; Shaw et al, 2007). Logically and materially consequent to social class, these manifest
socioeconomic variables arise from interdependent economic relationships determined by a
society's forms of property, ownership, and labor, as well as their connections through
production, distribution, and consumption of goods, services, and information (Krieger et al,
1997; Shaw et al, 2007; Grusky and Szelenyi, 2011). Table 1 details the validated self-report
and census tract socioeconomic measures employed (Krieger et al, 1997; Krieger et al, 2005;
Krieger et al, 2006; Krieger et al, 2011; US Census, 2013).

Exposure to black carbon

We obtained the black carbon exposure from a new Boston-based spatiotemporal data set
that enables precise estimation, to latitude and longitude, of time-specific ambient exposure
to traffic-related air pollution, reflected by black carbon concentrations in PM> 5 (Gryparis et
al, 2007). Using this model, we estimated each individual's 1-year cumulative average
exposure to ambient black carbon exposure at the longitude-latitude of their residential
address in the year prior to their exam; we also estimated the corresponding 24-hour average
exposure for the day prior to the exam and also for the 4, 8, and 12 weeks prior to the exam.

Informing the black carbon model are data collected over the period of 1999-2008,
involving over 8700 daily observations obtained from 134 sites, most of which monitored
black carbon continuously using aethalometers; some sites collected particles on a filter over
24 hours and measured elemental carbon using reflectance analysis (Gryparis et al, 2007).
Covariates in the prediction model included cumulative traffic density within 100 m,
geographic information system (GIS) location (latitude, longitude), daily meteorological
factors (apparent temperature, wind speed, and height of the planetary boundary layers), and
other characteristics (day of week, day of season) (Alexeeff et al, 2011), and separate
models were fit for warm and cold seasons. Exposure levels are predicted using semi-
parametric models that included regression splines which allow for non-linear main effects,
and thin-plate splines which measure the residual spatial variability not explained by the
spatial predictors. Using this model, predicted daily concentrations showed over a 3-fold
variation in exposure levels across measurement sites (adjusted R2 = 0.83), and a validation
sample at an additional 30 monitoring sites found an average correlation of 0.59 between the
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predicted and observed black carbon levels, indicating the model is appropriate (Gryparis et
al, 2007).

Analytic methods

We restricted the analytic data set to the 1757 participants (UFH: 807; MBMS: 905) with
records geocoded to latitude-longitude who resided in the air monitor catchment area
(Gryparis et al, 2007). We first analyzed the distribution of the included participants'
sociodemographic and economic characteristics and their black carbon exposure, overall and
in relation to these social characteristics. We then conducted multivariable linear regression
to quantify the association between individual, household, and census tract socioeconomic
measures and annual average black carbon exposure, controlling for relevant covariates.

Results and discussion

The 1757 UFH and MBMS participants included in this investigation (Table 1) were, as per
the total study populations (Krieger et al, 2006; Krieger et al, 2011), predominantly working
class adults who, like their parents, typically had less than a college education. Overall, 46%
and 28% of the UFH and MBMS participants, respectively, lived in households below the
poverty line, and ~40% of participants lived in high poverty census tracts (=20% below
poverty) and ~12% lived in low poverty census tracts (<5% below poverty); the risk of
living in a poor household or census tract was 1.4 to 2.2 times higher among black and
Latino compared to white participants. The mean 1-year cumulative average black carbon
exposure (pg/m3) at residential latitude-longitude equaled 0.68 (standard deviation (SD):
0.17) among the UFH participants and equaled 0.64 (SD 0.14) among the MBMS
participants (mean difference: 0.04; 95% confidence interval (CI) 0.03, 0.05); results were
similar for cumulative exposure 4, 8, and 12 weeks prior to the exam, as was the mean
exposure for 24-hours prior to the exam (albeit with a greater standard deviation).

In bivariate analyses (Table 2), within each racial/ethnic group the annual average black
carbon exposure at residential latitude-longitude was consistently associated with age
(inversely) and census tract poverty (positively). Only among the white participants,
however, was this black carbon exposure associated with education (inverse, for both the
participants' and that of their parents/guardian), annual household income (inverse), and
household poverty (positive); no associations existed among any racial/ethnic group for
occupational class or self-reported household economic deprivation (Table 2). Inconsistent
associations with black carbon exposure also existed for gender (white: higher among
women compared to men; black: higher among men compared to women) and nativity
(black only: higher among US- compared to foreign-born); no differences existed comparing
heterosexual versus lesbian/gay/bisexual/transgender participants in any racial/ethnic group.

Figure 1 illustrates the interplay between census tract poverty, race/ethnicity, and black
carbon exposure, whereby symbols indicating level of exposure to black carbon by race/
ethnicity are superimposed on a dot density depiction of census tract poverty. As shown by
this map, among participants in the top two quintiles of exposure, the white compared to the
black and Latino participants lived in different neighborhoods comprised of less
impoverished census tracts.
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All 3 models for the multivariable regression analyses (Table 3) controlled for age, study,
and date of exam. In Model 1, race/ethnicity was not associated with annual black carbon
exposure, but significant associations (95% CI excluded 0) occurred for age (inverse), study
(higher in MBMS compared to UFH), and exam date (lower exposure with more recent
date); together, these variables explained little of the observed variance (R2 = 0.0474). In
Model 2, which included socioeconomic but not racial/ethnic data, the R? increased to
0.1638, but black carbon exposure was associated only census tract poverty (beta = 0.373;
95% confidence interval (CI) 0.322, 0.443) and not annual household income (beta = -0.002;
95% CI -0.006, 0.002). Finally, in Model 3, which included all variables (R? = 0.1699), the
association for census tract poverty remained unchanged (beta = 0.385; 95% CI 0.335,
0.436) and the associations for race/ethnicity became significant, whereby compared to the
white participants, exposures were lower among black participants (beta = -0.024; 95% ClI
-0.041, -0.007) and Latino participants (beta = -0.034; 95% CI -0.061, -0.0006).

Consequently, our study offers several important contributions to the small literature (n = 4
studies) documenting that exposure to air pollution is more strongly associated with area-
based versus household- or individual-level socioeconomic measures. Thus, ours is the first
investigation to focus on black carbon and to diversify the range of study participants by
investigating associations among US working class black, Latino, and white adults age
25-64 residing in a major US city (Boston, MA; 2003-2004 and 2008-2010). This is because
the prior four investigations focused on: (1) NO, exposure (in 2001) among children (age
7-15) in Malmd in 2001 (Chaix et al, 2006); (2) NOy exposure (in 2003) among London
civil servants (age 50-74; Whitehall 2 cohort) examined in 2002-2004 (Goodman et al,
2011); (3) 2005 data on traffic indicators and a 2001 random sample (age <1 to =75) of the
population of Rome (Cesaroni et al, 2010); and (4) NO5 and PM, 5 data (in 2000) among a
population-based sample of adults age 45 to 84 recruited in 2000-2002 from 5 US cities and
1 county (Baltimore, MD, Chicago, IL; Forsyth County, NC; Los Angeles, CA; New York,
NY; and St. Paul, MN) (Hajat et al, 2013). Our additional novel finding was that controlling
for socioeconomic position revealed a lower on-average exposure among the black and
Latino compared to white participants, which, as suggested by Figure 1, was likely due to
the highly exposed white participants residing in several non-impoverished census tracts, in
which none of the black and Latino participants lived.

Strengths of the study include its use of validated measures of socioeconomic position
employed in two population-based studies with high response rates whose participants'
residential addresses were geocoded to latitude-longitude (Krieger et al, 2006; Krieger et al,
2011) and also validated model-based spatiotemporal estimates, for latitude-longitude, of
ambient black carbon exposure (Gryparis et al, 2007). Limitations include the restricted
socioeconomic composition and geographic location of the study populations (Krieger et al,
2008; Krieger et al, 2013). Even so, similar results pertaining to the stronger association
between air pollution and area-based compared to individual- and household-level
socioeconomic measures were obtained in the one analogous US study, whose population-
based sample included a higher proportion of affluent and college-educated participants
(Hajat et al, 2013) compared to the UFH and MBMS participants.
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In conclusion, our brief report underscores the salience of residential location, and not just
individual- and household-level characteristics, for analyzing the socioeconomic patterning
of exposure to air pollution and their contribution to health inequities. An additional
implication is that, at least in the US context, attention to not only racial/ethnic residential
segregation (Lopez, 2002; Morello-Frosch, 2002; Payne-Sturges et al, 2006; Brulle and
Pellow, 2006) but also its complex interplay with residential economic segregation requires
further analysis as co-determinants of exposure to air pollution.
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Highlights

e  The study included 1757 black, Latino, and white working class adults in
Boston, MA.

»  Census tract poverty was associated with annual average black carbon exposure.
e Annual household income was not associated with black carbon exposure.
« Individual-level education was not associated with black carbon exposure.

»  The observed socioeconomic patterns varied by race/ethnicity.
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Black carbon exposure(pg/m?): 1-year average prior to exam
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Average annual black carbon exposure (ug/m-3) by quintile for black, Latino, and white
study participants (United for Health, 2003-2004; My Body, My Story, 2008-2010), and
average annual census tract poverty level (2006-2010), Boston, MA air monitoring

catchment area.

Environ Pollut. Author manuscript; available in PMC 2016 January 05.



Page 10

Krieger et al.

(0 (0 (0'9) (sy) (% pue u :Buissiw)

0 0 ¥'8 89 19410
01T S0T T9 6 Japuabsueay/fenxasiq/Aebjueiqsa]
068 Sv8 008 v9 |enxasoJalaH

(%) u :Aufenxas
(0 (0 61 (sT) (% pue u :Buissiw)
Tve vee 909 687 UsIN
699 929 §'Le €0€ UBLLIOAA
(%) u :18pus
(re) (22) (% pue u rexep Buissiw)
S0 14 umouxun AuAneu
8'G Ly u40g-sn 10U
7'e LC uJog-SN  Sa1dIUY3I8/adR. [euonIppY
9¢ TC umouxun AuAneu
'St et u40g-sn 10U
29 0S ulog-sn  dluedsiH/ouneT
T0 T umouxun AuAneu
S'¢ 0¢ u40g-sn 10U
6'81 [1e)4 82¢ ¥8T ulog-sn  (druedsiy-uou) xoe|g
0T 8 umouxun AuAneu
8'6T 09T u40g-sn 10U
TTS 1217 99T YeT ulog-sn  (d1uedsiH-uou) aMYMA
(%) U :AuARRU + AND1UYIS/a0RY
(62) 6'8v 056 (26) 9ev L08 (79-€ = SIWEIN '¥9-G¢ = H-N :abues) (as) uesw :(sif) aby
SOILSId31OVHVHO JOIHdVHOOW3Ad0oI00S
eanfea N eaNfeA N

(056 = u) (SINGIN) Ao1s AN ‘Apog AN

(208 = U) (H4N) UieaH o4 p1UN

ansiIsIcRIRYD

Author Manuscript

T alqel

Author Manuscript

(0T02-8002 ‘u0isog) Aois AN ‘Apog AN pue (7002-€002
“@aly U01S0g Ja1eal) Yi[eaH Joj pariun :apnubuoj-apniie] 01 papodoab pue aansodxs uogaed oe|q Bulioliuow 4oy eae Juawyored
ul Buipisau (26/T = N) swuedionaed Apnis Buowre uog.aed 3ae|q 01 aansodxa abedsAe pue sJ1Is1Is1oBIRYI J1LIOU03 pue d1ydelfowapoldos

Author Manuscript

Author Manuscript

Environ Pollut. Author manuscript; available in PMC 2016 January 05.



Page 11

Krieger et al.

(eom) (26) (6°01) (88) (% pue u :Buissiw)
€18 8ey 0'9¢ 012 aull Auenod 96002=<
144 VLT 81 91 aull A11anod 96667 — 00T A11anod anoqy
€82 e €T €ee (dur] Arrenod 9600T>) Aanod mojeg
(9%) u :(pjoyasnoy) |ans| A14anod
(0om) (s6) (rom) (v8) (% pue u :Buissiw)
TL 19 e 1z (9002 Ut awodUl pjoyasnoy UeIpsW SN x€) 000'vrT$=<
9¢ T€ T 0T 000'7¥T$> 01 000°0CT$
L'TT 00T v'e 6T 000°02T$> 03 000°2.$
0ve 90¢ 99 €9 000°¢.$> 01 000°8V$
A 44 €8 19 (9002 ur swodul pjoyasnoy uelpaw SN) 000'8v$> 01 000'9E$
€8¢ e 6'LE 90€ 000'9€$> 03 000°2T$
00¢ TLT 6'6¢ e 000°CT$>
(9%) u :8WodUI pjoyssnoy fenuuy
ATOH3SNOH ‘LN3HdND
(4] (2] (e6) (v2) (% pue u :Buissiw)
6'TC 10¢ L'6 8. 869109 SIA ¥ =<
€9 609 §'65 08v a6s]109 s1A ¥ > pue A3D/SH =<
geT 0€T L12 ST (a39) wawdojanaq uoneanp3 [essusoystesk ZT/(SH) 1004as ybiy >
(9%) U :3uaWUIeLIR [RUOIIEONPT
(VA 49)] (ovT) (T'2) (£9) (9% pue u :Buissiw)
1€ GS¢ 00 0 89.04 J0qe| pred ayl ul 10N
8'G Ly L'y 8¢ sSauIsNg unJ 10 UMO
€8 19 99 €9 aoue|aaly/pakojdwia-jlas
i1 T (o)1 902 aakojdwa Auosiniadns :ssejo Buijaom JoN
0'.¢ 00¢ 199 114 aakojdwa Auosiniadns-uou :ssejd Budopn
(9%) u :ssejd [euonednddQ
AVNAIAIANI :LN3HHND
SOILSIHILOVHVYHO JINONOD3
eanfeA N paN[eA N

(056 = u) (SINGIN) Alo1s AN ‘Apog AN

(208 = U) (H4N) UIeaH 04 p1UN

ansiIeIvRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Pollut. Author manuscript; available in PMC 2016 January 05.



Page 12

Krieger et al.

9T'0 €90 [44l} 190 wexa 0} Jorad syaam gt
LT°0 €9°0 [44] 090 wexa 01 Jorid syaam g
870 €9°0 €20 090 wexa 01 Jorid syjaam ¢
¥€0 190 60 790 wexa 0} Joiud Aeq
S0 €9°0 9¢'0 79°0 (as) uesw :(g.wy/6rl) sunsodxs sbesane anoy-yz
¥T°0 90 110 890 (as) uesw :(g.wy/6rl) sansodxa sfesne aaeINWND Jesk-T
(wexa 01 Jo11d) NOGHVD MOV19 OL IHNSOdX3
(Ten) (gT1) (5°52) (902) (% pue u :Buissiw)
6'G¢ STC S'6 Ll 869]100 SUA ¥ =<
A%] 14°14 L'9¢ 96¢ 869]109 SJA ¥ > pue g39/SH =<
66T 99T €8¢ 822 (@39) wswdojanag uoneanpg [edsuss/siesk zT/(SH) 100yas ybiy >
(%) u :ueipsenf 1o ‘Jayre} ‘IaLI0W JO JUSWUIEIIE [euo1IeINPa 1sayBIH
dTOH3SNOH :AOOHATIHO
(0 (0 (0 (0 (% pue u :Buissiw)
S6°0T 70T 95°L 19 A1anod mojaq 946>
9T'LT €91 SELT orT A11anod mojaq 946 01 §
§S0°L¢ 15¢ 6L'€¢C ¢61 Au1anod mojaq 66T 03 0T
8'vv (YA 0TS 17457 (eaae A1uanod) A1uanod mojaq 9602=<
(9%) U :]an8] A14an0d 10841 Snsua)
(50T02-9002) LOVHL SNSNID 1 LNIHHND
()] ()] (T°9) (T9) (9% pue u :Buissiw)
far44 (1)%4 1T 16 uolreAlIdap J1WoU093 J0 SadAl 7 8SaU3 JO #-€ paouslIadx3
T'.E 25¢ 0've 6T uolreAlIdap J1WoU093 Jo sadA1 7 8say3 JO g-T padusliadx3
8'0v 98¢ 965 8% uolreAladap 21Wou093 Jo sadAl # 8say Jo O pasuslIadxgy
L9 6vE 81T G6 aJe[aM 10 douelsISse o1jgnd panIaday
A4 Z6¢€ Sve 86T 199W SPUd aew 03 Asuow ybnous 10N
€T 9T 8¢CT €0T sasuadxa |eaIpaw 10} Asuow Mo.10d 01 peH
8'9¢ 6v€ L'ee €8T abehlaow 1o ‘yusa ‘pooy oy Asuow ybnous 10N
(9%) u :sadA1 Jo Jaquinu pue adA) Ag ‘(4eaA 1se| Ul Sawil Z 1Ses| 18 Palinado) uoieAl dap J1Wouods pjoyasnoH
eanfea N eaN[eA N

(056 = u) (SINGIN) Ao1s AN ‘Apog AN

(208 = U) (H4N) UIeaH o4 P1UN

ansiIsIvRIRYD

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Environ Pollut. Author manuscript; available in PMC 2016 January 05.



Page 13

Krieger et al.

(€T0Z ‘62 13GWIBAON :P3SS30L {/MMM/SIB/A0H SNSUSD MMAY//:SdNY (18 3|gejrene) AsAINS AlUNWIWOD UedLIBWY ‘Neaing snsua) SN 0In0s

(STOZ ‘62 J9qWIAAON :passadde /p|0UasNOL/[ea1I0lSIL/eIep/aLU0dUL/MMM/SAYL/ACB SNSUad MmA//:d1y

1e 3|qe|1ene) Aaang uoneindod a1 ‘nesing snsuad SN :(S1ejjop 1ua1INd Ut) BIep aWwodul Uelpaw Pioyasnoy S 40 824nos ‘SINGIA pue H4N Ag passedwoous sieak ay Jo wiod-piw ays sl 900z :alou

q
(paviodas Ajeresedas Buissiw Juadad) sanjea Buissiw ou yim sjuedionued uo paseq jusdiad uozmmgom

()] (0) (0) (0) (% pue u :Buissiw)
eoNeA N gonfeA N
(056 = U) (SNa) A101s AN ‘Apog AN (208 = U) (H-IN) YIfedH Joj pariun ansiIalRIRYD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Pollut. Author manuscript; available in PMC 2016 January 05.


http://www.census.gov/hhes/www/income/data/historical/household/
http://https://www.census.gov/acs/www/

Page 14

Krieger et al.

YI'T /€0 €20 0.0 (sT0)oL0 T6 22T 620 LTO 290 wT0)¥90 €€  SYT €TI0 %20 990 (8T°0) 290 292 aafo|dwa Asosiniadns-uou :ssejo BurIom
sse|d jeuonednadQ
AVNAIAIANI :LNIHHND
SOILSI¥TLOVEVHO DINWONODT
€280 ¥65°0 6110 (anfen-d 10exs) 153} 4
260 620 [zo 0r0  (9T0)S90 € 960 0£0 920 090  (BT0)S90 ¢ €T €50 TU0 w0  (6T0LLO 6 Byo
YT 860 S0  ¥90 (0z0)290 8T 680 €70 ¥T0 990 (0T'0) 290 S¥ 90T 620 6T0 290 (9T0) ¥9'0  ¥8 Iapuafsuely/jenxasig/Aeb/uelqsa
ZIT G€0 6T0 120 (bTO)OL0 ST T9T €20 STO €90  (#T0)S90 20L  S¥T €U0 TZ0  G90  (LT°0)990  2LS [enxas0Ja)eH
%. Aenxss
P
9ve0 T00°0 LT0°0 (anjen-d 1oexa) 1581 4 <
960 620 610 890  (bT0)890 08 T9T 620 IO  ¥90  (#)T0)990 €  ¥ZT  LTO 020 €90  (9T0)¥90  L9g m s
yYI'T  GE0 €0 0.0  (9T0)0L0 2IT  ¢TT €20 8T0 €90  (¥T0) €90 GEE ST €TI0 €0 890  (87°0)890 20€ m UBLLOM
W J8puss
6,80 1000"> 2660 (anfen-d 10exs) 153} 4 m
vI'T L0 veg0 00  (9T0)690 eI  ZTT 080 220  vS0 (9700090 09T  ¥60  L€0 g0 990  (9T°0)990 02 m uiog-SN 10N
960 620 9T0 120  (#bT0)OL0 05 T9T €0 €U0 ¥90  (ET0)990 619  S¥T €U0 120 §90  (L1°0)990  6¥9 m uiog-sn
g Ananen
L00°0 0100 8000 (anfen-d yoexs) 158} 4 m
G680 L€0 620 850  (ST0)8S0 YT ¥OT  L€0 €ETO0 290  (IT0)€90 9T STT  6T0 6T0 290  (910)¥90 89T m> G9 -GS
960 lF0 6T0 890  ()T0)290 2§ TZT €0 9T0 290  (bTO)¥90 60e  S¥T €U0 220  v90  (6T°0)S90 85T @ ¥S-ap
yYI'T 620 610 TL0  (STO)TLO0 6T 19T 620 9T0  S90  (ST0)990 00  ¥TT 20 120 890  (910)69°0 zve MA ¥ —Se
M (saeak) aby
SOILSI¥ILOVHVHD o_zaéwnnmw_\,_moo_o%
XeN  UIN  ¥OI  uelpsN (@S)uesN N XeN  UIN  ¥OI  uelpaN (@S)uesN N XeN  UIN HOI  uelpsN (@S)uesN N _m
(S6T=H4N '0=SINEIN :G6T=N) oune- (c0e=H4N 'SBY=SINGIN :/8.=N) >de|g (50z=H4N ‘S9Y=SINEN :0/9=N) dNUM a|qeLen

(g-wyBrl) aansodxs uogJed xoe|q sbelsie [enuuy

Author Manuscript

(0T02-8007 ‘uoisog) Aioxs AN ‘Apog AN pue (¥002-£00¢ g8l U0lsog J81ealD) YifeaH 1o} paiiun :apnibuol
-apniile| 01 papo20ab pue aansodxa uogaed 3oe|q Bulioluow 10} eade Juswiydled ul buipisaa syuedionaed Apnis oune] pue ‘(dluedsiH
-uou) oe|q ‘(o1uedsiH-uou) a1ym Buowe sa11s1491981eYd 21WOU023 pue dlydeabowspoldos AQ aansodxa uogaed oe|q [enuue abelany

Author Manuscript

¢ dlqel

Author Manuscript

Author Manuscript



Page 15

Ge0 8T 2,0 (ST0)0L0 2§ CeT €0 IO v90  (€70)S90 T6Z  STT  LTO0 870  S90  (ST0)S90 18T sadA g-1
620 ¥20 TL°0 (9T°0)690 68  T9T  YEOD LTO 290 (STO¥90 LvE  SKT €T0 120 G9'0 (87T°0) 990  89¢ uoneALIdap 1Wou02a 4o sadAy o
94025 uoneAlIdap J1LWOU0I3 PlOYasNoH
7,00 ¥€0°0 (anrea-d 10ex9) 1581 4
620 LT0 990 (€T'0)€90 22 22T €0 ¥IO €90 (€T°0)€90 092 €T  €T0 020 €90 (T0)v90  9ee Auanod 9002 = <
vo 910 2r0  (STO)TLO T¥  T9T  GE0 STO 290  (9TO)¥90 6T G¥T  6T0 €20  S90  (6T°0)L90 6ET Auanod 9%66T — 00T
Ge0 T¢o 690  (9T0)690 8  TZT 620 9T0 S90  (4vT0)990 .8  v¢T €20 6T0 690  (LT0)890 ST Auanod 9007 >
(pjoyssnoy) [ans] A1aenod
06T°0 ¥20°0 (anjen-d 10ex3) 1581 4
€50 600 290  (800)S90 ¥ 160 €0 ¥TO 190  (ITTO)EY0  €F 0T 610 620 290  (8T0)€90 &€ 000'77T$ =<
- - - - 0 G660 6y0 G20 €90  (ST0)890 €T 2T Oov0 LT0 190  (TOY90 Lt 000'P¥T$> 03 000'02T$
80 0 180 () 180 T v60 860 G0 ¢90  (@UO¥90 ¥ 960 ve0 10 290  (2T0)€90 L 000'0ZT$> 0} 000'2.$
¥$0 900 S50  (90'0)850 ¥ 22T €0 w0 €90 (@UO)¥90 0T 82T  €T0 120 290  (T0)€Y0 LTI 000'2.$> 03 000'8v$
620 620 €0 (zzo)oLo £ 19T 9€0 LT0 090  (6T0)€90 08 12T S0 20 €0  (9TO)TL0 S 000'87$> 0} 000'9€$
Ge0 Teo  0L0  (wT0)690 6L ZUT  vEO0 LTO €90  (bTO)¥Y90 T€&C  S¥T  T€0 TZ0 90  (LT0) /90 10T 000'9€$> 01 000'CT$
L0 €20 2,0  (T00L0 29 TZT 620 9T0 990  (#T0).90 002 v2T €20 020 690  (LT0)690 LIT 000'21$ >
aWooUl pjoyasnoy jenuuy
d1OHISNOH *LNIHHND
1080 1000 (anrea-d 10ex9) 1581 4
oro 610 190 (€T°0)T90 2T 660 6€0 STO  ¥9°0 (zT'0) 590  S6 82T €TI0 LT0 190 (sT0) €90 29T aba)j03 sIh ¥ =<
620 T¢0 1.0 (¥T0)690 08  T9T €0 STO €90  (bT'0)S90 9§ 2T 6T0 020 290  (LT0).90 60V aba]100 s1A ¥ > pue gI9/SH = <
Ge0 ¢c0 0L0  (9r0)OL0 L9 T  vE0 STO  v90  (bT0)S90 9T S¥T  6T0 920 €90  (cz0)90 S8 a39oy/sreak ZT/(SH) 10043s yby >
juswiureye [euolzeonpy
T6€0 0290 (enrea-d yoexs) 153} 4
- - - - 0 2T %60 €10 690  (QT0)990 0T 2T 610 120 €90  (8T°0)S90 GeT 30104 Joge| pred Y} ul JON
6v'0 6T0 0.0  (€T0)890 2T 2gT €20 9T0 ¥90  (8TO)¥V90 62 T0T 610 870 ¥90  (9T0)S90 OF $SOUISNQ UNJ 40 UMO
620 ¢¢0 90 (TO)Y90 22  vOT L0 STO  S90  (TTO)¥90  6€ 0T v€0 STO0 €90  (ETO)¥90 ¢S aoue9aly/pakojdwa-J|as
660 T120. TL0  (STO)TLO0 € T9T  9g0 9T0  ¥90  (9T0)990 L¥T 82T 00 g0 90  (8T'0)890 TET 8aojdwa Alosialedns :sse|d BupIom 10N

UIN - HOB  uelpsin (@s)uesn N XeN  UIN  ¥OI  ueipsN (QS)uesiN N XeN  UIN ¥l uBIpsN (AS)uesN N
D

=2
S6T=H4N »QW_\,E_\,_ ‘G6T=N) oune] (20e=H4N ‘S8r=SINGIN :/8.=N) >oelg (S0Z=H4N ‘S9P=SINGIN :029=N) 8HUM a|qerren

(g-wy/Brl) sunsodxs uogaed xoe|q abeasae [enuuy

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Environ Pollut. Author manuscript; available in PMC 2016 January 05.



Page 16

1890 0100 (anjen-d 10ex@) 1581 4
70 20 99'0 (eT0) 290 £ 12T Tr0 ¢TI0 290 (zTr0) €90 26 90T €10 8T0 090 (ST'0) 290 €8T aba|j0a sih ¥ =<
&0 vg0 990  (9T°0).90 €  T9T €0 YO €90  (bT0)S90 6€€  SYT  6T0 <220 990  (LT0)990 8ee 22100 s1A ¥ > pue Q39/SH = <
620 €0 0.0 (SsT0)890 9. T v€0 8T0  ¥90  (vT0)S90 80z  ¥CT €80 €20 290  (8T0)890 16 a39oy/sreak ZT/(SH) 100Yds yby >
ueipaenb
10 ‘J8y3e} ‘43ylow J0oy uoireanps 4o |ans| 1saybiH
Q@10HASNOH :dOOHATIHD
T000> T000 0> (anjen-d 10exa) 1581 4
80 9T0 G50  (0T0)950 9T T €0 8T0 ¢S50  (T0)es0 9 82T €10 T20 S50  (6T0) 950  SOT Auanod mojaq 946 >
L0 STO /50  (€T0)090 ¥»r 860 060 9T0 S50  (€T0).S0 68 G60 610 020 090  (STO)T90 €ST Auanod mojaq 96 01 §
620 ST0 2.0 (ZT0)2L0 S  T9T 620 €TI0  T90 (STO)¥90 96T €T  ¥E0 220 €90 (91°0) 290 T6T Auanod mojaq 9%6T 03 0T
o ¥1o  v.0  (UO)¥LO 06 T¢T  €y0 STO0 990  (€T0)/90 99¥  S¥T 620 LTO €0  (STO)ELo  Tee (ease Auanod) Ananod mojeq %0z =<
(0T0Z-9002) 12A9] A148n0d 19B41 SNSUBD
10VH1 SNSNID *LN3FHEND
€0T'0 L0 (enren-d yoexs) 153} 4
/70 8T0. 890  (9T0)690 zZ€ 00T 6€0 €T0 990  (210).90 L€T  vZT 620 920 €90  (8T'0)990 LIT sadA) p-¢
UIN  HOB uelpsn  (@s)uesw N XeIN UIN ¥OI  uepaN (ds)uesn N XeW  UIN 401 ueipan (QS)uesN N
o
G6T=H-N »QWSE_\,_ 1G6T=N) ouneT] (20e=H4N ‘s8Y=SINAIN :/8./=N) 3oelg (S0z=H4N 'S9Y=SINEIN :0.9=N) SHUM a|qeLIeA

(g-wy/Brl) sunsodxs uogaed xoe|q abeasae [enuuy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Environ Pollut. Author manuscript; available in PMC 2016 January 05.



Page 17

Krieger et al.

00077 T$=< =/ ‘0007 T$> 0} 000'0ZT$ =9 ‘000'02T$> 0} 000'ZL$ =S ‘000°'2L$> 0} 000'8Y'$ =V ‘000'8v$> 0} 000'9€$ =€ ‘000'9€$ > 0} 000'ZT$ =¢ ‘000'CT$ > =T :sd1410681e2 BLWodUI U_o;mm:oIm

0 9pNJOXa 18yl 1D %G6 9ABY Plog Ul sarewnsa Jajaweled 910N

669T°0 8€9T°0 vLy0°0 atenbs-y

(280000°0- ‘09T000°0-) ~ TZT000°0-  (TOTO0O'0- LT000°0-)  ¥T000°0-  (TS50000°0- ‘0¥T0000-)  OTO000- (snonunuoo) syep wex3

00 00 00 (quauagan) HAN

(SSYTE0 ‘T6THT0) €2822°0 (yT9VE'0 '9L06T'0)  G¥892°0 (TTTL2°0 '98980°0) 668.T°0 SWaN
Apms
(¥9700°0 '50200°0-) T,2000-  (T€200°0 ‘¥€900°0-)  T0OZOOO- e([enuUE) awooul pjoyssnoH
(ST9ev°0 '99v€E 0) 0vS8E°0 (T9zey'0 'Treee0)  1SCLE0 (snonunuod) A11anod 1943 SNSUBD

00 00 (quaaagea) sMUM

(€0000°0 ‘98720°0-) 2rLE00- (988100 '02190°0-) L1T20°0- Ju10

(T5900°0- ‘96090°0-)  €LEE0°0- (00TTO'0 '€89Y0°0)  Z6LTO0- oune]

(85900°0- ‘20T¥0°0-) 08200~ (0¥610°0 ‘2L9T0°07) ZET00°0 oelg
\Q_o_c_.\_um\momw_
(0TT00°0- 'T22000-)  T6T000-  (6000°0- '€5200°0-)  €.7000-  (¥2T00°0- 'L6200°0-)  TTZ00°0- (snonunuod taeak) aby

(10 %56) 2L (10 %56) L (12 %56) e18q
€ 19poIN Z 19pON T I9PON

(g-wyBr) aunsodxa uogJed »oe|g sfelsAe [enuue :aWoNO

s|qeLIeA

(0T02-8007 ‘uoisog) Alois AW ‘Apog AN pue (¥002-€00Z BaaV U0ISOg 191e319D) UifeaH 1o} payun :apniibuol
-apmI1e| 01 pap020ab pue ainsodxa uogied aor|q Bulioliuow 10j Baae Juswiyded ul Buipisaa syuedionaed Apnis oune] pue ‘(o1uedsiH
-uou) 32e|q ‘(d1uedsiH-uou) suym Huouwre serelIeA0d pue sa|geleA d1wouods 1surebe (c.w/6r) sunsodxs uog.aed oe|q [enuue Jo uoissaibey

Author Manuscript

€9lqel

Author Manuscript

Author Manuscript

Author Manuscript

Environ Pollut. Author manuscript; available in PMC 2016 January 05.



