1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

"% NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

o NATIG,

Published in final edited form as:
Environ Int. 2012 September ; 44: 7-17. doi:10.1016/j.envint.2012.01.003.

Air pollutant exposure and preterm and term small-for-
gestational-age births in Detroit, Michigan: Long-term trends
and associations

Hien Q. Le?, Stuart A. Batterman®”, Julia J. WirthP:¢, Robert L. Wahl€, Katherine J.
Hoggattde, Alireza SadeghnejadP, Mary Lee Hultinf, and Michael Depaf

aUniversity of Michigan, Ann Arbor, MI, USA

bMichigan State University, East Lansing, MI, USA

®Michigan Department of Community Health, Lansing, Ml, USA
dUniversity of California, Los Angeles, CA, USA

eVA Greater Los Angeles, Los Angeles, CA, USA

Michigan Department of Environmental Quality, Lansing, MI, USA

Abstract

Studies in a number of countries have reported associations between exposure to ambient air
pollutants and adverse birth outcomes, including low birth weight, preterm birth (PTB) and, less
commonly, small for gestational age (SGA). Despite their growing number, the available studies
have significant limitations, e.g., incomplete control of temporal trends in exposure, modest
sample sizes, and a lack of information regarding individual risk factors such as smoking. No
study has yet examined large numbers of susceptible individuals. We investigated the association
between ambient air pollutant concentrations and term SGA and PTB outcomes among 164,905
singleton births in Detroit, Michigan occurring between 1990 and 2001. SO,, CO, NO,, O3 and
PM o exposures were used in single and multiple pollutant logistic regression models to estimate
odds ratios (OR) for these outcomes, adjusted for the infant’s sex and gestational age, the mother’s
race, age group, education level, smoking status and prenatal care, birth season, site of residence,
and long-term exposure trends.

Term SGA was associated with CO levels exceeding 0.75 ppm (OR=1.14, 95% confidence
interval=1.02-1.27) and NO, exceeding 6.8 ppb (1.11, 1.03-1.21) exposures in the first month,
and with PM1 exceeding 35 pg/m3 (1.22, 1.03-1.46) and O3 (1.11, 1.02—1.20) exposure in the
third trimester. PTB was associated with SO, (1.07, 1.01-1.14) exposure in the last month, and
with (hourly) O3 exceeding 92 ppb (1.08, 1.02-1.14) exposure in the first month.

© 2012 Elsevier Ltd. All rights reserved.
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Exposure to several air pollutants at modest concentrations was associated with adverse birth
outcomes. This study, which included a large Black population, suggests the importance of the
early period of pregnancy for associations between term SGA with CO and NO,, and between O3
with PTB; and the late pregnancy period for associations between term SGA and O3z and PMyq,
and between SO, with PTB. It also highlights the importance of accounting for individual risk
factors such as maternal smoking, maternal race, and long-term trends in air pollutant levels and
adverse birth outcomes in evaluating relationships between pollutant exposures and adverse birth

Ambient air pollution; Term low birth weight; Term small-for-gestational-age; Preterm birth

1. Introduction

Indicators of adverse birth outcomes and fetal health during pregnancy are predictors of
infant mortality and morbidity (Goldenberge et al., 2008; Haram et al., 2006; Mclntire et al.,
1999). Common indicators include growth restriction, often defined as small for gestational
age (SGA) and measured by a birth weight below the 10th percentile for the same
gestational age by sex; preterm birth (PTB), defined as a live birth before the 37th week of
gestation; and low birth weight (LBW), defined as a birth weight less than 2500 g. Air
pollutants have been associated with adverse impacts on fetal development in both animal
and human studies (Veras et al., 2010). Epidemiological studies have focused on LBW
outcomes (Bignami et al., 1994; Falkner, 1986; Glinianaia et al., 2004; Kavlock and
Grabowski, 1980; Kavlock et al., 1979; Maisonet et al., 2001; Ritz and Yu, 1999, Shah and
Balkhair, 2011; Sram et al., 2005), and PTB and SGA outcomes in California (Huynh et al.,
2006; Parker et al., 2005; Ritz et al., 2000, 2007; Salam et al., 2005; Wilhelm and Ritz,
2005). A recent meta-analysis has linked exposure to particulate matter (PM) to LBW and
PTB (Sapkota et al., 2010); another multi-study shows adverse birth outcomes at high indoor
PM concentrations caused by solid fuel cookstoves in developing countries (Pope et al.,
2010). Other pollutants, e.g., sulfur dioxide (SO,) and carbon monoxide (CO), also have
been associated with adverse birth outcomes. Key gaps in the growing adverse birth effects
literature include the effects of pollutants at current exposures, the critical exposure
windows during pregnancy, and most fundamentally, the underlying mechanisms (Bosetti et
al., 2010; Sapkota et al., 2010; Shah and Balkhair, 2011; Slama et al., 2008).

The present study examines associations between ambient air pollutant concentrations and
adverse birth outcomes occurring in three industrialized and urban areas in Detroit,
Michigan, U.S. These areas contain a very high proportion of Blacks, a susceptible
population that has not been previously examined for such associations. We report on
models that evaluate associations between term SGA and PTB outcomes using several
pollutants and exposure windows. A parallel analysis examines associations between term
LBW and air pollutants in the same population, which is reported in the supplemental
materials.
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2. Material and methods

2.1. Study group, health outcomes, and covariates

The study group consisted of all live, singleton births for mothers living at time of birth in
three areas of Detroit between January 1, 1990 and December 31, 2001. Birth certificate
data, obtained from the Michigan Department of Community Health, were used to determine
individual level covariates, which included gestational age, infant sex, date of birth,
maternal age, race, smoking status, education level, and level of prenatal care. Eligible
mothers resided in postal (ZIP) codes that were wholly or partially contained within a 4 km
radius surrounding an air quality monitoring station, a distance that has shown stronger risk
estimates for subjects than larger radii and presumed to better represent community level
exposure (U.S. EPA, 1998; Wilhelm and Ritz, 2005). Eligible births were restricted in
weight from 750 to 4000 g, gestational age from 22 to 42 weeks, and maternal age from 16
to 45 years. Birth weights exceeding 4000 g may result from poorly controlled maternal
diabetes, and birth weights below 750 g are rarely viable and unlikely to be affected by air
pollutant exposure. Gestational age was based on the date of the last menstrual period
(LMP), if available, or the estimated week of gestation as estimated by the mother’s
physician.

Term SGA births were defined as infants whose birth weights fell below the 10th percentile
by sex and gestational week, based on study population’s distribution and restricted to
gestational ages between 37 and 42weeks. A PTB was defined as a birth occurring before 37
weeks gestation. Term LBW was defined for infants born at or after 37 weeks of gestation
and weighing less than 2500 g, but was not a focus of the present analysis because, by
definition, it overlaps with term SGA. The LBW analysis is shown, however, in the
supplemental materials.

2.2. Exposure assessment

Three fixed site ambient air monitors located in densely populated, urban areas that
measured multiple air pollutants over extended periods were chosen. These sites were
approximately 20 km apart (Fig. 1), and were selected because they were the only sites that
sampled CO, nitrogen dioxide (NO,), SO, and particulate matter with aerodynamic diameter
below 10 um (PMyp) in Detroit during the study period. The ambient data were collected by
Michigan Department of Environmental Quality (MDEQ) with oversight by U.S. EPA using
federal reference methods and MDEQ protocols (U.S. EPA, 2006). A total of 5, 8 and 13 zip
codes were within the 4 km radius of the Allen Park, East Seven Mile, and Linwood
monitors, respectively, out of a total of 30 zip codes in Detroit (Fig. 1). CO measurements
were available at the Allen Park and Linwood sites for the entire study period; however, due
to vandalism in July 1997 and quality assurance (QA) issues, CO data at Linwood were
restricted to 1990-1996. SO, measurements were available at East Seven Mile and Linwood
sites for the entire study period, but only up to 1997 at Allen Park. NO, was available for the
entire study period at the East Seven Mile and Linwood sites; however, several months
(September 1996 at Linwood; March, April and September through November 1997 at East
Seven Mile) were omitted due to QA concerns. Ozone (O3) was monitored only during the
high O3 season (April to September) in Detroit, however, year-round monitoring was
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conducted at downtown Windsor, Canada (approximately 20 km east), and these
measurements were highly correlated to the Detroit data (r>0.83, high O3 season only).
PM1 was measured every sixth day at Allen Park only. PM, 5 (PM less than 2.5 pm) was
collected every third day from only May 1999. Due to the short time record, PM, 5 was
excluded from the present analysis.

Hourly measurements below method detection limits (MDLs) were replaced by one-half the
MDL to avoid erroneous zero values. For CO, NO, and SO,, daily (24-h) averages were
computed from hourly data, from which monthly and trimester (3 month) averages were
computed. For Og, the daily 1-hmaximum was used to compute daily, monthly and trimester
averages. Running monthly and trimester averages were computed from the every sixth day
PM1g measurements at Allen Park. Daily, monthly and trimester averages each required the
availability of =75% of all possible measurements, e.g., daily averages required at least 18
of 24 possible hourly values. Exposures were estimated for five windows (time periods) for
each pregnancy based on the gestational period and LMP: the first and last gestational
months, and each trimester using divisions of 1-13, 14-26, and 27 weeks to birth,
respectively (Parker et al., 2005).

2.3. Statistical methods

Logistic regression models were used to estimate adjusted odds ratios (AORs) and 95%
confidence intervals (Cls) for each outcome and each of the five exposure windows (first
month, last month, and first, second and third trimesters, as described above). For PTB, only
the first and last months’ exposures were examined since, by definition, PTBs do not reach
three full trimesters and analyses using the final trimester exposure would reduce the sample
size. Term SGA and PTB outcomes were analyzed as dichotomous variables. Pollutant
concentrations were expressed in quartiles, and AORs were calculated as ratios of
associations for the second, third and fourth exposure quartiles relative to the first exposure
quartile.

Models for PTB were adjusted for infant sex, maternal race (Black, White, other), maternal
education level (<12, 12, >12 years), maternal smoking status during pregnancy (yes/no),
use of prenatal care (yes/no), late prenatal care (starting after the fourth month of pregnancy;
yes/no) and residence location (Allen Park, Linwood, East Seven Mile). To control for
possible seasonal or community-specific effects not captured by birth records (Ritz and
Wilhelm, 2008), models included variables for birth season, defined as spring (March—-May),
summer (June-Aug.), fall (Sept.—Nov.), and winter (Dec.—Feb.). To examine long-term
trends in pollutant levels, a locally-weighted regression smoother was applied to the air
pollutant concentrations (Cleveland, 1979). To control for possible biases associated with
temporal changes in the study population and environment, models were adjusted for birth
year using consecutive 4-year periods (1990-1993-1994-1997 and 1998-2001). No
adjustments for gestational age were used because PTB was already restricted to births with
gestational age from 22 to <37 weeks. Models for term SGA used similar adjustments,
except infant sex was excluded since, by definition, this outcome captures sex and
gestational age.

Environ Int. Author manuscript; available in PMC 2015 February 17.
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Single pollutant models were constructed by pooling data across all sites, with analytic
control for site in the models. Multiple pollutant models were restricted to Linwood where
CO, SOy and NO, were measured. PM1g measured at Allen Park was assigned to Linwood
in multiple pollutant models given the modest PM concentration gradients in the region
(Heindorf, 2007; Stevens et al., 2006). Oz was not included in the multiple pollutant models
due to the lack of data during low O3 season. Models including O3 were evaluated using
both Detroit data for the high O3 season, as well as the year-round data collected at Windsor.
As a single test across the exposure quartiles for each pollution-outcome comparison, Wald
type tests were conducted for joint hypotheses with 3 degrees of freedom, and trend tests
were conducted for pollution-outcome associations for p-values below 0.05. Lastly, possible
effect measure modification by race and maternal smoking status was investigated using
analyses stratified by these variables. This analysis excluded “other” races due to small
sample sizes.

The supplemental materials present sensitivity analyses which show similar analyses, but
with stratification by maternal race, smoking status and educational levels, as well as
additional analyses for term LBW.

3.1. Study population

A total of 186,214 births occurred in the study zip codes between 1990 and 2001, which was
reduced to 173,492 births (93% of all births) due to the 4 km radius restriction, and then to
164,905 births due to the remaining eligibility criteria (95% of births with in the 4 km
radius). Infant and maternal characteristics by birth outcome and race are shown in Table 1.
Most mothers were Black. In comparison to Black mothers, White mothers had fewer births
as teenagers (16-19 years of age), were more likely to have completed high school, were
more likely to obtain prenatal care, and were more likely to be smokers. Unsurprisingly,
maternal smoking and lack of perinatal care also were associated with large increases in
adverse birth outcomes. Based on (unadjusted) odds ratios of term SGA and PTB, infants
born to Black mothers had an approximately 2-fold higher risk of both term SGA and PTB
than those born to White mothers. (Supplemental Table S-1 lists odds ratios for each
covariate.)

Several long-term trends were observed (Supplemental Table S-2). First, the overall birth
rate as well as the rate of adverse birth outcomes declined, with the greatest change
occurring between the 1990-3 and 1994—7 periods. Second, most but not all risk factors also
showed downward trends, with some difference by race. For example, the rate of teenage
pregnancies declined from 19% in 1990 to 15% in 2001, largely due to decreases among
Black mothers (from 25 to 18%), rather than among White mothers, which were relatively
stable at 11%. Many of these patterns observed followed national trends, e.g., downward
trends of teenage pregnancy and smoking during pregnancy (Hamilton et al., 2003;
Mathews, 2001).

Environ Int. Author manuscript; available in PMC 2015 February 17.
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3.2. Air pollutant exposures

Exposure levels for 3-h, 24-h, first month and first trimester averaging periods are shown in
Table 2. Concentrations were below the U.S. National Ambient Air Quality Standards
(NAAQS) with the exception of O3, which exceeded the current 8-h NAAQS of 75 ppb.
Over the 12-year study period, both the average concentration and the amplitude of
concentration fluctuations declined for CO and SO, (Fig. 2a, b), but not for NO, and PM1
(Fig. 2c, d). For O3, the maximum 1-h concentration (April— September) slightly increased
over the study period, and East 7 Mile had the highest levels (Fig. 3). Considering monthly
averages, SO, had low-to-moderate correlation with CO (r=0.35) and NO5 (r=0.27); CO and
NO, had low correlation (r<0.27); and PM1q had low correlation with both CO and SO,
(r<0.11). The correlation coefficients varied little when different exposure windows were
used. Although they capture only pair-wise dependencies, the correlation coefficients
suggest that collinearity would not be a problem in multi-pollutant models.

3.3. Single pollutant models

Results of single pollutant models for CO, SO, NO, and PM1q for term SGA and PTB
outcomes are summarized in Table 3; results for O3 are shown in Table 4. We first describe
results for term SGA. CO was positively associated with term SGA for all exposure
windows, and the odds ratio of term SGA births increased from 1.05 to 1.20 for women with
higher CO levels (>0.56 ppm; second through highest exposure quartiles). After adjusting
for long-term trends, the strongest association between CO and term-SGA persisted for
women in the highest quartile (>0.75 ppm) of first month CO exposures (AOR=1.14; 95%
Cl: 1.02-1.27; trend test p=0.04).

For SOy, only first trimester exposures showed consistent odds ratios of term SGA birth
increasing with SO, concentration without trend-adjustments, however, trend-adjusted
AORs were attenuated toward the null. First month and first trimester NO, exposures were
positively associated with term SGA, and results were unchanged after trend adjustment.
The odds ratio of term SGA birth increased from 1.02 to 1.10 for women with higher NO,
levels (>18.7 ppb; second through the highest exposure quartiles). Women with the highest
quartile first-month NO, exposures (>23.6 ppb) had the highest risk (AOR=1.10; 95% ClI:
1.01-1.19).

Maternal exposure to PM1q during all three trimesters was positively associated with term
SGA, and results were unaffected by trend adjustment. The odds ratio of term SGA birth and
PM o exposure increased from 1.01 to 1.22 for women with higher PMyq (>22.8 pg m=3;
second through the highest exposure quartiles). The third trimester top quartile PM1q
exposure (>35.8 g m~3) gave the highest risk of a term SGA birth (AOR=1.22; 1.04-1.44;
trend test p=0.01).

For the high O3 season, the last month, first trimester and third trimester exposures showed
consistent patterns of increasing odds ratios for term SGA births as O3 concentrations
increased, both with and without trend-adjustments. For example, the trend-adjusted odds
ratios increased from 1.04 to 1.13 (>63 ppb; second through top exposure quartiles), and
women with highest quartile first trimester O3 exposures (>97ppb) had the highest risks

Environ Int. Author manuscript; available in PMC 2015 February 17.
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(AOR=1.13; 95% CI: 1.01-1.27). The year-round models using the Windsor data did not
show similar or consistent associations.

Turning to PTB, SO, exposure during the last month was positively associated with this
outcome, both with and without adjustments for long-term trends. The odds ratio for PTB
birth increased from 1.07 to 1.11 for women with SO5 levels >4.5 ppb (second through
highest exposure quartiles). No associations were observed for PTB with CO, NO, or PMyj,.
First month O3 exposure was positively associated with PTB in both the high O3 season
(trend test p=0.01) and the year-round analyses (the latter using the Windsor data), and the
odds ratio of a PTB birth increased from 1.06 to 1.10 for women with high O3 levels (>63
ppb; second through highest exposure quartiles).

3.4. Multiple pollutant models

Table 5 summarizes results of the four-pollutant models (CO, SO,, NO, and PMy) for term
SGA and PTB outcomes. All models were adjusted for long-term trends and were restricted
to mothers near the Linwood site for the 1990-1996 period (given the availability of CO
data, as described earlier). In these models, consistent patterns were obtained for term SGA
births for CO (first and second trimester), SO, (all trimesters), NO, (first month and all
trimesters), and PM1 (first month and first trimester). For term PTB births, odds ratios were
elevated during only first-month SO, and NO, exposures. Overall, these results did not
differ greatly from the results of single-pollutant models for the Linwood area mothers (data
not shown). Furthermore, the patterns of associations among infants of the Linwood mothers
did not differ appreciably from those obtained using single-pollutant models that included
mothers from Allen Park and East Seven Mile, which suggests that the multi-pollutant
model results may be representative of the larger study population. However, risk estimates
for the multipollutant models were less precise, a result of the smaller sample size (n ranged
from 24,191 to 32,768).

4. Discussion

After controlling for trends and covariates, the estimated odds ratios for term SGA with CO,
NO,, O3 and PMq exposures, and for PTB with Oz and SO, exposures, showed that low to
moderate exposure to ambient air pollutants was associated with small, though consistent
increases in the risk of adverse birth outcomes. A similar association between term LBW
and SO, exposure during the early pregnancy period in the same population was also found
(Supplemental Tables S-3 to S-5). This is the first adverse birth effects study examining air
pollutants in Detroit, an area with considerable industry and a large Black population. We
did not always find monotonically increasing dose—response relationships between pollutant
exposures and risks, which could reflect sample size and statistical power limitations,
artifacts due to exposure misclassification or trend adjustments, non-logit-linear dose—
response relationships, and other reasons discussed below.

4.1. Possible mechanisms

Biological pathways linking pollutant exposure to term SGA and PTB are not well
understood (Demerjian, 2000; Liu et al., 2003; Xu et al., 1995). Term SGA may be triggered
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by an abnormal reaction between trophoblast and uterine tissues in the first few weeks of
pregnancy, which is consistent with the timing of the CO-term-SGA and NO,-term-SGA
associations found in this study. CO reduces the oxygen-carrying capacity of maternal
hemoglobin, which decreases oxygen delivery to the fetus, and it crosses the placental
barrier where it interferes with oxygen binding to fetal hemoglobin (Di Cera et al., 1989;
Sangalli et al., 2003). Both effects may induce tissue hypoxia and reduce fetal growth.
Alternatively, CO may be a proxy for PM emissions from vehicles and other combustion
sources that contain polycyclic aromatic hydrocarbons (PAHSs) that can induce DNA
adducts, which have been associated with increased risks of LBW (Perera et al., 1998, 1999;
Sram et al., 1999). NO, exposure increases lipid peroxidation in both maternal and cord
blood, which could interfere with normal intrauterine growth development via oxidative
stress (Tabacova et al., 1998). PM is a complex toxicant, which includes mixtures of fine
particles, metals and organic matter (e.g., PAHSs), and compositions are source-specific
(Dejmek et al., 1999). Several mechanisms have been proposed for PMyg, including the
DNA adduct pathway discussed above.

The operative mechanism determines the critical exposure period, and periods identified in
previous studies may inform this understanding. The critical exposure period for PTB
associated with coal combustion toxics was the first two months of pregnancy (Mohorovic,
2004). For CO and SO, exposures during the last month of pregnancy have been associated
with PTB (Liu et al., 2003). Potential etiologic factors for PTB (infection and stress) may be
associated with air pollutant exposures in late pregnancy (Lockwood, 1994), and possibly
include alveolar inflammation or systemic infection (Maisonet et al., 2004; Yang et al.,
2004), in which case the induction period may be short and immediate, leading to an early
birth after a relevant exposure (Maisonet et al., 2001). The present study focused on both
early and late exposure periods during pregnancy that have been previously associated with
PTB. We found that only the last month’s SO, exposure was associated with PTB births.

4.2. Comparison with previous studies

Our results for term SGA are generally consistent with studies examining CO, Oz and PM5 5
in California, U.S. (Parker et al., 2005; Salam et al., 2005), NO,, PM, 5 and PM1q in
Australia (Mannes et al., 2005), CO, NO, and PM,, 5 in Canada (Liu et al., 2003, 2007), and
PMg in the Czech Republic (Dejmek et al., 1999). Regarding PTB, our results are
consistent with studies examining prenatal exposures to SO, (Bobak, 2000; Leem et al.,
2006; Liu et al., 2003; Sagiv et al., 2005; Xu et al., 1995) and O3 (Leem et al., 2006). Still,
as discussed below, these studies used a variety of designs, populations, airsheds, study
durations, sample sizes, exposure measures, covariates and model structures, and thus vary
with respect to their statistical power, degree of exposure misclassification, and control of
confounding.

4.3. Air pollutant sources and trends

Detroit is a diverse airshed that contains many emission sources, e.g., steel mills, waste
water treatment plants and sewage sludge incinerators, automotive fabrication and assembly
plants, a petroleum refinery and storage facilities, asphalt plants, chemical manufacturing,
and a high density of mobile sources (including many diesel trucks and a major international
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truck crossing). This diversity, along with the long record and monthly averages used, helps
to explain the modest correlations observed among the pollutant measures, which are lower
than those reported in most other studies (e.g., Liu et al., 2003, 2007). In an exposure study,
Williams et al. (2008) identified likely emission sources at the Allen Park site as industry
and freeway traffic, while the Linwood and East Seven Mile sites were affected by diesel
truck traffic and other industrial sources. Other factors contributing to variability include the
long time period and different long-term trends among the pollutants, the significance of
background or regional concentrations, and the effects of meteorology (e.g., wind speed and
direction, inversions, and precipitation) that can alter the dispersion and fate of different
pollutants and different emission sources.

4.4. Temporal trends and exposure levels

Concentrations of pollutants such as SO, and CO have declined over the past several
decades, as have several individual risk factors of adverse birth outcomes, at least in some
countries (Ananth et al., 2003; Dugandzic et al., 2006; Martin et al., 2006). We
demonstrated that accounting for long-term declines in CO and SO, concentrations
attenuated effect sizes in the CO-term-SGA and SO,-term-SGA associations. In analyses
examining CO-term-LBW associations using trend-adjusted and de-trended CO data (data
not shown), associations were also attenuated. Conversely, associations for NO, and PMy
did not show such trends and results were insensitive to temporal adjustments. With a few
exceptions, previous birth effect studies have been short in duration, and effects of long-term
temporal trends have not been extensively examined. A 13 year-long study in Canada found
that birth year confounded associations between SO, and PMqg and LBW (Dugandzic et al.,
2006). These results, and our findings, suggest the need for time trend adjustments when
analyzing long periods.

Another factor contributing to differences among studies are the considerable differences in
pollutant levels, cut-offs considered, averaging times, and mixtures among cities and
countries examined. For example, a Canadian study (Liu et al., 2003) examined 1 ppm and
10 ppb increases in CO and NO, exposures, respectively, while a southern California study
(Salam et al., 2005) used inter-quartile ranges of 1.2 ppm and 25 ppb, respectively, for
monthly average CO and NO, concentrations.

We also note the lack of multi-pollutant models in the adverse births effect literature, which
are essential for understanding effects of simultaneous exposure to several pollutants. Only
the most recent Canadian study (Liu et al., 2007) used multi-pollutant models (NO,, CO and
PM3 5).

4.5. Social economic status, race and smoking and effect modification

Both socio-economic status (SES) and maternal smoking are well-known risk factors for
adverse birth outcomes, and this was clearly seen in the Detroit data (e.g., Supplemental
Table S-1). However, SES and smoking may not have ideal indicators (we used maternal
education level for SES), and they have been inconsistently treated in the literature, e.g.,
they were included in analyses in the southern California study (Salam et al., 2005), but not
in the Canadian studies (Liu et al., 2003, 2007). In addition to being a covariate, Ponce et al.
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(2005) suggested that SES might modify exposures or interact with effects of air pollutants.
In stratified analyses, we found that term SGA births were positively associated with first
trimester CO exposure among mothers with fewer than 12 years of education, but not among
mothers with more education (Supplemental Table S-6). While this suggests that SES is an
effect modifier that acts to increase the vulnerability of low SES women to the effects of air
pollution, the evidence is limited and does not support the broader hypothesis.

In addition to SES, maternal race and smoking may modify effects of pollutant exposure,
e.g., stronger effects have been found associating CO exposure with LBW(Maisonet et al.,
2001) and PM, 5 with LBW(Bell et al., 2007) among infants of Black mothers as compared
to White mothers. We saw some evidence of stronger associations between CO and term-
SGA, NO, and term-SGA, SO, and term-SGA, and SO, and PTB for infants of Black
mothers as compared to associations for White mothers (Supplemental Tables S-7 to S-10).
Such heterogeneity could reflect susceptibility attributable to individual-level factors for
which race is a proxy, but also neighborhood-level vulnerability factors correlated with race,
e.g., a lack of access to health care or intra-group diffusion of harmful health behaviors
(Huebner, 2006). Both the Linwood area where CO,, NO, and SO, were measured, and the
East Seven Mile area where NO, and SO, were measured, were predominantly Black areas,
while Allen Park where CO and SO, were measured was predominantly White. While we do
not know of any specific biases, this pattern of housing segregation could allow a
neighborhood effect.

For maternal smoking, heterogeneity was observed in some associations for term SGA, e.g.,
positively associations with first month NO, exposures among smokers, and first month CO
exposures and third trimester PM1 exposures among non-smokers. The lack of associations
for CO or PMyg among smokers may reflect the large CO and PMyq doses already received
by smoking mothers, diminishing the effects of ambient exposures or increasing the
variability of the responses.

In summary, although we examined stratum-specific estimates to check for heterogeneity by
maternal education (a measure of maternal SES), race and smoking, only a handful of results
were found that were consistent with underlying effect measure modification. These
findings should be interpreted cautiously. A large number of associations were examined in
the stratified analyses, and the few results consistent with heterogeneity do not provide
strong evidence that the associations were heterogeneous with respect to these three factors,
and they may have been spurious. Despite an overall large sample size, the stratified
analyses may not have had sufficient power to detect true effect measure modification.

4.6. Strengths and limitations

Strengths of this study included a large sample size (n=164,905), a study duration adequate
for trend assessment (7 to 12 years, depending on pollutant), and individual-level
information on residence location, maternal race, smoking status, pregnancy outcomes and
SES. The analysis accounted for time trends in pollutant concentrations, which affected SO,
and CO results, and considered simultaneous exposures to multiple pollutants. Additionally,
the study included a large Black population, an understudied and susceptible population,
which allowed examination of possible heterogeneity of exposures and effect by race.
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We also recognize limitations to the analysis. Geocoding of individual residences was
unavailable, thus residences (and subjects) were selected if their ZIP code area was within 4
km of an air quality monitor. In the worst case, a residence could have been as far as 12 km
from the monitor, which would increase the likelihood of exposure misclassification and
bias. However, most homes were much closer since most of the studied areas were densely
populated. Further, air pollution exposures at the ZIP code level can yield reasonable
exposure estimates (Basu et al., 2004). Over time, pollutant levels in Detroit fell below those
recorded in most other studies, and the low exposures may be subject to greater exposure
measurement errors. Exposure misclassification is especially likely for subjects living near
major traffic routes (more likely near Linwood and East Seven Mile sites), which could
increase exposures above levels measured at the monitoring sites. (Monitor sites were
located in residential areas at least several blocks from major roads.) However, limiting
study areas to a relatively small radius (4 km) around monitors should minimize such errors.
Missing pollutant data may have influenced results, although the results using a single
monitor (Linwood) were consistent with those using all three sites, suggesting any such bias
was minimal. Additional information on potential covariates and confounders not contained
in the birth certificate database might have been helpful, e.g., alcohol consumption, although
effects of many such factors would likely be correlated with other individual-level risk
factors that were available. Finally, measurements of personal, occupational, or indoor
exposures were unavailable, a limitation of all studies that rely on ambient exposure
measures (Alm et al., 2001; Brunekreef et al., 2005; Kim et al., 2006).

Continuous exposures of air pollutants were considered but are not presented in this study
for several reasons: the biologic pathways of air pollution exposures that lead to adverse
birth outcomes are still not well understood, and exposure cut-offs (or thresholds) reported
in the literature are inconsistent; the range of each pollutant and sometimes its units can
differ among studies, which makes comparisons among studies difficult, especially in
multiple pollutant models; and the use of categorical exposures allows examination of the
dose—response relationship.

Since a large number of associations were estimated, there exists the possibility of spurious
associations. We report point and interval estimates without constructing joint confidence
regions determined using Bonferroni or other adjustments, which have been criticized as
being overly conservative, even when there is scientific interest in testing the global
hypothesis that all associations are null (Rothman et al., 2008). In the present study, interest
focuses on the individual relations between pollutants and outcomes. Due to the moderate
correlations observed among the pollutants, conventional multiple comparison
“adjustments” would not be appropriate; other methods, e.g., hierarchical modeling, are
beyond the scope of this paper and were not explored.

5. Conclusions

Exposures to ambient air pollutants CO, NO,, O3 and PM1 were associated with increased
risk of term SGA, and exposures to Oz and SO, were associated with increased risk of PTB
in the Detroit population, which contains a high percentage and number of Black women.

This study suggests the importance of the early period of pregnancy for the CO-term-SGA,
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NO,-term-SGA and O3-PTB associations, and the late pregnancy period for Os-term-SGA
(high season), PM1g-term-SGA and SO,-PTB associations. Results accounted for individual
risk factors including maternal race and smoking, as well as the long-term trends in ambient
air pollutant exposures.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Map of the Detroit area showing the three air quality monitoring sites and 4 km radius.

Environ Int. Author manuscript; available in PMC 2015 February 17.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Leetal.

Page 17

a) CO b) S0,
14+
1.2
1.0 +
E 084 2
& E
o 06 o
Q | 175
04 1
02t
[ -= Allen Park 6= Linwood - Allen Park &= East Seven Mile 8- Linwood
0.0 t t t t t t t t t t | 0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
C)NO, d)PM,,
40
110 1
351 100 ¢
90 +
30 80 4
o F
% 25 | _ 70 T
& 60 T
o' 201 50 1
4 40 4
15 A 30 3 j
10 20784
-o- East Seven Mile -~ Linwood 10 T - Allen Park
5 t t t t t t t t t t | 0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Fig. 2.
Trends of monthly averages of pollutant concentrations (CO, NO,, SO, and PM1p) from

1990 to 2001. Results of LOESS smoother shown as dashed line.

Environ Int. Author manuscript; available in PMC 2015 February 17.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Leetal. Page 18

80 -
-o- Allen Park -e- East 7 Mile -e- Linwood
70
60
50

40

Ozone (ppb)

30

20

10 4

0 4
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Year

Fig. 3.
Trends of monthly averages of ozone concentrations from 1990 to 2001.

Environ Int. Author manuscript; available in PMC 2015 February 17.



Page 19

Leetal.

STE 0Te  €T€ 0TE 162 £1e 166T-766T

L'le Ty €68 90y vy S'6E £66T-066T
pousad yuig

9€z 7Sz vve Xer4 £se 92 (de4-93@) Jewuim

Svz g€z 7wz g€z Rox4 874 (AON-1dag) e

€9¢ 09¢ 29 L'Se 9 192 (Bny—unc) Jswiwng

L'Se 0z €5 1'se 8¢ T'se (Ren—reN) Bunds
uosess yuig

A 12e €ve 6'GE 8T 092 (Upuow Yy Jefe) are

LT 8y L2 S 'g e 3UON
aJed |ejeusald

092 €61 60T 042 L'SE 812 ows
9sh 032eq0 |

162 8vz T8¢ L2 012 T2 e12

6TV 06 20V 6'8€ 5'8E 00y zt

'8z zoe LT S6E 5oy 62¢ 11-0
(s4A) uoneonpg

€62 90z e 792 8¢ 74 0€2

168 V.S 885 0% 'S5 785 62-02

91T 0zz 0.1 861 861 Vi1 61-9T
(s1A) aby

- - €2 81T £ ze JETTo)

- - 6¢r T2 982 £y UM

- - 8¢S TTL 769 95 Xoe|g
aoey

AL 905 10§ z2s 018 605 alen

88y £6v €6V gl T6v T6Y alewsd
Xas Jueju|

(%) vOT'89=N  (%)8L0'€6=N (%) TS6'6ET=N  (9%6) ¥56'72=N (%) psL'eT=N (%) S06'¥IT=N

aYM Xoe|g  syuig wel g1d VoS Wl U v SOIIS1PIOE ReyD

NIH-PA Author Manuscript

"T00Z2—066T ‘A101UL18 pUE SBLIOJINO YLIQ AQ SONSLISIORIRYD [RUlsIewW pue Jueju|

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Environ Int. Author manuscript; available in PMC 2015 February 17.



Page 20

Leetal.

NIH-PA Author Manuscript

'S13U10 pue SeUUYAN ‘SYIe|g Papn|oul syuiq v,

"SyUIg waatald ‘gl d ‘abe jeuonrelsab 1o) [jews ‘YOS :SUOIRIA3IGY

8°0¢ 08¢ ¥6¢ '8¢ 6°9¢ €6¢ T00Z—866T
(%) ¥OT'89=N  (%)820'€6=N (%) TS6'6ET=N  (0%6) ¥56'72=N (%) psL'eT=N (%) S0B¥IT=N
31IYM oelg  syniqwel g1d VOs Wie | eSunq v soIs1e1Re YD

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Environ Int. Author manuscript; available in PMC 2015 February 17.



Page 21

Leetal.

NIH-PA Author Manuscript

0SE€TT GL'CS 886E G2Z6Z 0G0 €6LT 66Ty 99€9 1\ u-g (qdd) €0
09 ZSE TOE €¥Z ST v9 008 9/€'/T dv el3ISaUIlL
v'€9  8Se 06z 0€Z 82 €6 008 8LT.C dv eAUON
OTET 0/ 0L 06T OV T9T 66C T99 dv Uy (cw/br) O
806 ¢€ 0Tz T6T T¥T T€ 2Tz €9T00T IV eJ3ISoUIlL
LTy 9€ 0Tz /8T ¢8 Tv €T Thr'e6 117 eUON
T92 0%¢ Z€ 9Tz 602 9T 0€ <l M1
9Tz  ¥6T 68T 98T 9T TT T6T I VE|
gz 6T 0Tz 90z 96T 2T €Tz <1 117 [enuuy
9. 6l 6T ¥9T S0 96  0€ TGS M1
L9, 0%z T8l Z€ S0 S8  Z6T 8IS VE|
9. €9z TOZ L¥T S0 €6  TT¢  69TL 1\ U-ve (qdd) cON
0TT 99 §S ¥ TT ST g5 9IOTYT IV eJ3ISoUIlL
§ZT 89 §S S¥ 0T 8T gs  zeo'ovT NIV eUON
sey /8 S¥ Zz S0 LS €9 092 M1
v1e g9 g 0z S0 Ty 6V 80Tv VE|
LTe 7L €Y ¥T S0 T¥  ¥S  9u8e dv
S'6v vl Y Z¢ S0 8v 95  ¥I'TT 1\ u-ve (qdd) “0s
€60 €0 /90 190 820 2I0 990 G06'99 1\ elSIsauliL
8TT 9,0 /90 /S0 920 STO 990 2Z8T'99 1\ eAUON
8T'S 060 290 E€Y0 SO0 W0 20 L1e M1
107  0L0 60 SE0 SO0 €80 950  8lzv dv
8T'S 20 €50 /€0 SO0 880 290  S699 1\ Yy-vz
€. €T 00 EY0 SO0 90 160 80¥C M1
/'8 /60 090 O¥0 SO0 690 080 992 dv
L8  €0T €90 Or0 G00 20  ¥80  ¥.99 1\ u-€ (wdd) 02
] 05 oz
Xe SMUedBd UIN 4SS UsN N als  awnabeny wenjjod
‘SuoIeNIU2UO0I JueINjjod J1e Jo Arewwing
¢ 9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Environ Int. Author manuscript; available in PMC 2015 February 17.



Page 22

Leetal.

*J31S3WIIY IST PUB LIUOW ST 10} S81BWINSA 3.nsodxa ,S109[gns aJe sabelane Jalsawii pue UIION,

*SUOITRIIUROUOD 3BkISAR J9)SLULI pUB Yiuow pey oym s193[gns J0 sIagquinu sy} pue ‘SUoIe;IUoU0d abeIaAR [enuue pue ‘Y-z ‘U-€ J0 sisquinu ay sjuasaidal N

'sauddsad a1e YIS/ ‘UI0G ‘UISZ UOIIBIASD pIepUElS ‘dS (POOMUIT ‘T :BJIIN USASS 1563 ‘IN/3T Biied UB|IV 'dV :SUONBINBIGYY

0S€TT 0526 0ST8 0029 0S€ 85TZ 959. [92%2T IV e3IsoUIlL
0GETT G298 €92, €TSS 0SE €0TZ 869 6.2'%6 I eUAUON
0080T GLTS O006E 0082 00T OL.T TLOV S60Z M1
0080T 0S/S 00%y TLZ€ 0S0 288 86Gy 8602 W23
0G€TT 096y €& Gzl S2C 959T IE6E €12 dv
s 05 sz
Xe W Snuedled UIN dS U N a1 awnabeseny wenjod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Environ Int. Author manuscript; available in PMC 2015 February 17.



Page 23

Leetal.

"spouiad Yuig pue anoqe s3|qelieA 1oy paisnipy

q

*Kouapisal JO a1 pue sUOSeas Uiig ‘ased [ereuald ‘asn 039eq0) ‘S|aAd] UoIeINpa ‘sdnoif afe ‘aoel [eussTew ‘Xas Jueyul oy nmum:._u,qm

"X8S JUBJUI BPNJOUI 10U OP S|3POW YOS W3} ‘SMOpUIM 3insodxa Ag sainsodxa Juein|jod pey oym sIsylow Jo SIaquinu = N 310N

(80'1-v8'0) 56°0
(00'1-82'0) 88°0
(80'1-580) 96°0
(02'1-26'0) SO'T
(zz'1-v6'0) L0'T
(0T'1-98°0) 26'0
(ov'1-€0T) 22T
(6Y'1-50'T) S2'T
(52'1-68'0) SO'T
(92'1-/8'0) S0'T
(sr'1-20T) 22T
(Sr1T-v0T) €TT
(9€'1-56'0) ¥T'T
(Lz'1-68'0) 90'T
(52'1-06'0) 90°'T
(92'1-16'0) L0'T
(82'1-€6'0) 60'T
(LT'1-98°0) 00'T
(86'1-86'0) 9T'T
(02'1-98'0) TO'T
(521-26'0) LO°T

(L0'T-v8'0) 56'0
(z0'1-08'0) T6'0
(0T'1-28'0) 86°0
(02'1-€6'0) 90'T
(¥2'1-,6'0) OT'T
(e11-28'0) 660
(wr'1-v0'T) 22'T
(ev'1-20T) 02T
(cz'1-88°0) €0°'T
(e2'1-88'0) ¥0'T
(8€'1-66'0) LT'T
(L£'1-66'0) 9T'T
(ze'1-v6'0) TT'T
(02'1-98'0) T0'T
(61'1-280) 20T
(92'1-26'0) 80'T
(Sz'1-26'0) L0'T
(ST'1-58'0) 66°0
(9€'1-86'0) ST'T
(9T'1-v8'0) 66°0
(¥2'1-16'0) 90°'T

90v'8¢

626'€C

€6T'1C

8vZ've

960'17C

§06'GC

626'€C

(¥0'1-26°0) 86°0
(S0'1-v6'0) 66°0
(€0'T-€6'0) 860
(80'1-96'0) 20'T
(60'T-6'0) €0'T
(60'T-26°0) €0°'T
(60'1-€6'0) TO'T
(£0'1-26'0) 66°0
(T0'1-88°0) ¥6°0
(TT'1-26'0) T0'T
(80'1-16'0) 66°0
(90'1-16°0) 86'0
(9T'1-26'0) 90'T
(¥T'1-,6'0) SO'T
(TT'1-96'0) €0'T
(€0'1-88°0) 56°0
(£0'T-€6'0) 00'T
(20'1-€6'0) 00'T
(T2 1T-€0T) TT'T
(¥1'1-86'0) 90'T
(¥T'1-660) L0°'T

(¥0'1-26°0) 86°0
(S0'1-v6'0) 66°0
(#0'T-€6°0) 86°0
(£0'1-56'0) 00'T
(60'T-,6'0) €0'T
(80'T-26°0) €0°'T
(90'1-06°0) 86°0
(90'1-16'0) 86°0
(00'T-28°0) €6'0
(50'1-88'0) 96°0
(90'1-06'0) 26°0
(50'T-16'0) 860
(21'1-€6'0) 20'T
(21'1-96'0) ¥0'T
(0T'1-96'0) 20°'T
(T0'1-98°0) £6°0
(L0'T-€6'0) 00'T
(L0'T-€6'0) 00'T
(6T'T-T0T) OT'T
(¥1'1-86'0) 90'T
(¥T'1-66'0) 90'T

GTE'T6

09.'%8

65€°C8

v8E'vL

6v7'TL

v9¢'LL

876'0L

(FT'T-T0'T) L0'T
(9T'T-S0'T) TT'T
(€T'1T-€0T) 80T
(¥0'1-26°0) 86°0
(20'1-€6'0) L6'0
(70'T-¥6'0) 660
(21'1-96'0) €0'T
(50'1-26'0) 86°0
(TT'1-86'0) ¥0'T
(¥T'1-96'0) SO'T
(T0'1-88°0) ¥6°0
(S0'T-260) 860
(8T'T-00'T) 60'T
(60'T-¥6'0) TO'T
(60T-96'0) 20°'T
(S0'1-16°0) 86°0
(T0'1-88°0) ¥6°0
(L0T-56'0) TO'T
(ET'T-26'0) ¥O'T
(L0'T-¥6'0) 00'T
(€0'T-060) 960

(€T'1T-20'T) L0°T
(9T'T-50'T) TT'T
(€T'7T-€0T) 80T
(60'1-86'0) £0'T
(S0'1-56'0) 00'T
(S0'T-96'0) 00°'T
(02'1-50'T) ¢T'T
(80'1-56'0) ¢0'T
(ET'T-T0T) 20T
(02'1-50'T) ¢T'T
(€0'1-16°0) L6'0
(90T-¥6'0) 00°'T
(€2'1-80'T) ST'T
(TT'1-26'0) ¥0'T
(TT'1-86°0) ¥0'T
(FT'1-00'T) L0°T
(¥0'1-26'0) 86°0
(60'T-26°0) €0'T
(8T'T-#0'T) TT'T
(0T'1-26'0) €0'T
(¥0'1-26'0) 86°0

087'TTT

0.8'T2T

609°CTT

189'20T

29e'v0T

087'TTT

9/5'€0T

(€T'1-G6'0) ¥0'T
(¥0'1-68'0) 96°0
(€T'7-96°0) ¥0'T
(€0'1-.8'0) G6°0
(£0'1-06'0) 86°0
(r0'1-880) 960
(60'1-.8'0) L6°0
(£0'1-98'0) 96°0
(TT'7-06°0) 00'T
(ST'1-06'0) 20'T
(¥1'1-06'0) TO'T
(€T'7-06°0) TO'T
(S2'1-,6'0) OT'T
(¥2'1-86'0) OT'T
(S21-86'0) TT'T
(60'1-88'0) 86°0
(€T'1-16'0) 20'T
(TT'7-06°0) 00'T
(L2T-20T) ¥T'T
(21'1-68'0) 00'T
(r2'1-00T) TT'T

(¥0'1-68°0) 96°0
(96'0-€8'0) 68°0
(#0'T-16°0) L6'0
(£6'0-€8'0) 68°0
(66'0-98'0) 26°0
(L6'0-¥80) 06'0
(LT'1-96'0) 90'T
(ST'1-96'0) S0'T
(6T'1-86'0) 80'T
(€2'1-66'0) OT'T
(12'1-00'7) OT'T
(8T'1-26°0) 20T
(82'T-v0'T) 9T'T
(62'1-90'T) LT'T
(LZT-v0T)STT
(91'1-96'0) S0'T
(02'1-00'7) OT'T
(LT'1-,6'0) 90T
(e€'1-60'T) 02'T
(8T'1-6'0) L0'T
(621-90'T) LT'T

T00'99

9/8'65

L09'TS

G08'€S

TA4

976'95

GYS'TS

Wy
pig
puc
Wy
pig
puc
Wy
pig
puc
Wy
pig
puc
Wy
pig
pue
Wy
pig
pue
Wy
pig
pue

Juow ise7

yuow 3T dld

J191S8WLY PIE

J9189WIL pug

191SaW} IST

Juow ise7

YUOW IST YOS Wia L

gPeBNipe-puel L

epeBsNIpY

N

gPeINipe-puel L

ePeBNlpY

N

qPesnipe-pue. |

ePesnipy

N

gPeINipe-puel L

ePeBsNlpy

N

0T Nd

‘ON

oS

(0)0]

s3.Insodxa
Josa|11renb pue smopuipn

NIH-PA Author Manuscript

NIH-PA Author Manuscript

€9lqel

NIH-PA Author Manuscript

"(9.1d) yuig wianaid pue (wos) abe [euoneisab Joy [rews wiay Jog (OTAd pue ‘“CON COS ‘0D) swueinjjod Jre 0] ainsodxa Jo mopulm yaea o) (1D %G6) [eAISIUI JUSPIJUOD %G pue olrel Sppo paisnipy

available in PMC 2015 February 17.

1

Environ Int. Author manuscript



Page 24

Leetal.

(*X8S JUBJUI BPNJOUI JOU 0P S|POW YOS Wi :810N) "sporiad yuig pue sAoge ss|geLieA 1oy paisnipy

q

*Aouapisal JO 81Is pue suOsess YuIg ‘a1ed [ereuald ‘asn 020Bq0] ‘S|aAs] UoIeaNpPa ‘sdno.f abe ‘8.l [euslew ‘Xas Jueyul 1oy uwum:_@qm

(s0T-€6'0) 860 (90T-¥6'0) 660 (to1-160) 960 (T0T-T60) 960 U
(S0'1-96'0) 00T (90'T-S6'0) 00T (s6'0-98'0) 7160 (96'0-28'0) 160 pIg
(80'1-86'0) €0T (80'T-86'0) €0T SY¥'vyT (€6'0-€8'0) 880 (€6'0-¥8'0) 880 67L'99  puz {puow jse
(STT-v0T) 60T (STT-v0T) 60T (rT71-207) 80T (STT-20T) 80T Wy
wTT-70T) 60T (FT'T-¥0T) 60T (eT'1T-10T) 90T (ETT-T0T) 10T pIg
(60'T-70T) G0T (80'T-TOT) +0OT 880'€€ET (9TT-¥0'T) OT'T (LT T-#0T) OTT 086'.G  PuZ yiuow 3sT g1d
(9T7-960) 90T (FTT-¥60) ¥O'T (0z1-z01) TTT (0CT-20T) TITT U
(60'T-26'0) 00T (L0T-06'0) 860 (LT1-00T) 80T (9T'T-66'0) LO'T pIg
(L01-v6'0) 10T (S0T-¢6'0) 860 8GL'ZeT (ET'T-96'0) ¥O'T (2T'T-96'0) V0T vev'z9 puz  Jsisawin pig
(s01-680) L60 (c0T-.80) 60 (60'7-280) 160 (80T-L80) 160 U
(201-16'0) 660 (90'T-16'0) 860 (Tr1-06'0) 00T (IT'T-160) 10T pIg
(L0T-v6'0) 00T (S0T-¢6'0) 860 6.€8TT (20T-€8'0) ¢60 (20'T-¥8'0) <260 900°0F  Puz  JAISsWILY puz
(#TT1-960) SOT (PTT-96°0) ¥O'T (1z1-10T) €TT (h21-860) OTT Wy
(L01-16'0) 660 (L0'T-16'0) 660 (FZ'1-107T)  2TT (PTT-T0T) <TT pIg
(eT'1-10T) 20T (2T'T-66'0) SOT 6.2vIT  (6T'T-L6'0) L[0T (TZ'T-66'0) 60T O8Oy PuUz  JoISaLL}IST
(cr1-¢60) 20T (60'T-06'0) 660 (tz1-z01) 1TT (0CT-20T) OTT U
(80'1-26'0) 00T (90'T-06'0) /60 (9T'1-86'0) 90T (ST'T-86'0) 90T pIg
(80'T-€6'0) 00T (S0T-T6'0) 860 98€'€eT (BTT-T0T) OT'T (6T'T-20T) OTT O0€Z'.S  Pug {puow jse
(Tr1-v60) 20T (60T-260) 00T (90'7-68°0) 260 (L0T-060) 660 U
(TT'1-96'0) €0T (80'T-¥6'0) TO'T (€0'1-280) G600 (v0'T-88°0) 960 pIg
(60T-96'0) 20T (207-S6'0) TOT 60S'E€TT (L6'0-18'0) 680 (66'0-€8°0) T60 89V'6y  puz YUOW ST VYOS Wial
(10 %S6) s4O (10 wS6) SHO (1D %S6) s4O (10 %S6) SHO
qUOSESS |1V QUOSESS ||V N (UOSESS UDIH ©UosESS UDIH N  s9unsodxs Joso|i1fenb pue mopulm

NIH-PA Author Manuscript

v alqel

(9.1d) yuig wialeid pue (os) abe [euoieissh 1oy [[ews wlis)
J10J uoseas |[e pue (Jaqualdas—|Lidy) uoseas ybiy Burinp suozo 0] aiNsodxa Jo MopUIM yaea 1oy (1D %G6) [eAISIUI JUSPIJUOI %G6 PUe Olel Sppo paisnipy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Environ Int. Author manuscript; available in PMC 2015 February 17.



Page 25

Leetal.

‘spolad yuig pue Aouapisal JO alls ‘suosess Yuig ‘aled Jereuald ‘asn 099e0) ‘s|aAs] uolreanpa ‘sdnolb abe ‘aoel [eulsiew ‘xas Juejul 1oy parsnlpy

"X8S JUBJUI 3PNJOUI 10U O S|3POW YOS W3] 910N

(T0'1-#8'0) 26'0
(80'1-68'0) 86'0
(ST'T-26'0) 90'T
(6T'1-86'0) 80'T
(TT'1-16'0) T0'T
(60'7-26°0) 00'T
(#0'1-18'0) 26'0
(TT'1-58'0) 26'0
(50'7-18'0) 260
(¥2'1-16'0) 90'T
(TZ'1-16'0) SO'T
(L2'1-66'0) OT'T
(SZ'1-76'0) 60T
(€2'1-26'0) 90'T
(82'1-86'0) 2T'T
(¥T'1-06'0) TO'T
(L1'1-88'0) 66'0
(9T'T-¥6'0) ¥0'T
(€T'1-88'0) 00'T
(02'1-v6'0) 90'T
(0T'7-88'0) 660

(¥T'1-06'0) TO'T
(TT'1-68'0) 66'0
(€0'T-28°0) 260
(8T'T-¥6'0) SO'T
(T2'1-26'0) 80'T
(6T'T-¥6'0) 90'T
(92'1-58'0) ¥0'T
(62'1-88'0) L0'T
(€€'1-26'0) OT'T
(8¥'1-58'0) ¢T'T
(Se'1-8L'0) €0'T
(0v'7-18'0) 90'T
(7' 1-16'0) ¥T'T
(T€'1-€8°0) ¥0'T
(Te'1-€8°0) ¥0'T
(97'1-58'0) 66°0
(02'1-06'0) ¥0'T
(92'1-€6'0) 60'T
(6v'1-60'T) 82T
(T€'1-26'0) ¢T'T
(€€ T-L6'0) ¥T'T

(¥7'1-98'0) 66'0
(TZ'1-€6'0) 90'T
(6T'T-16'0) ¥0O'T
(0e'1-86'0) €T'T
(0€'1-66'0) ¥T'T
(r1-11T) 22T
(09'1T-90'T) TE'T
(05'1-20'T) ¥2'T
(Sr'1-v6'0) LT'T
(9€'1-06'0) TT'T
(L£'1T-16'0) CT'T
(69'T-T0T) 0E'T
(82'1-28'0) SO'T
(€2'1-€8'0) 10T
(15'7-26'0) 8T'T
(€2'1-98°0) €0'T
(ST'1-28'0) 26'0
(8T'7-€8'0) 660
(TT'1-8L°0) £6'0
(L1'1-€8'0) 66'0
(0z'1-€8°0) 00'T

(9T'1-26'0) €0'T
(S0'1-¥8'0) ¥6'0
(€T'1-06'0) TO'T
(90'1-58'0) 56'0
(€T'1-06'0) 00'T
(90'T-¥8°0) ¥6°0
(LT'1-¥8'0) 66'0
(97'1-€8'0) 86'0
(¥1'7-€8°0) 60
(Lr'1-10T) 22T
(¥v'1-86'0) 6T'T
(9€'1-66°'0) ¥T'T
(T¥'1-96'0) 9T'T
(s¥'1-00'T) 02'T
(ov'1-20T) 2T'T
(¥T'1-8'0) 86'0
(02'1-68'0) €0'T
(80'7-08'0) £6°0
(6T'1-28'0) 20T
(S0'1-2L'0) 06°0
(Tz'1-68°0) ¥0'T

Yy
pig
89.°z¢ pue
Yy
pig
095'62 pug
Yy
pig
159'7¢ pug
Yy
pig
2Le'se pug
Yy
pig
256'5C pug
Yy
pig
97692 pug
Yy
pig
16T pug

yuow 1587

yuow ist dld

1918w pIg

1918w pug

19]1SaW} IST

yuow 1587

yiuow 1sT VOS Wil

(10 %s6) 4O

(10 %s6) 4O

(10 %s6) 4O

(10 %s6) O

0T Nd

°ON

oS

(0]

N S3insodxe Jo so|i3enb pue smopuipn

"(91d)

yuig waslaid pue (woS) abe jeuoiielsab 1oy |[ews wial 4oy aus poomul ayl 10} (OTNd pue CON ‘COS ‘02 Bulpnjoul) sjapow ueinjjodinnw ayl Jo synsey

NIH-PA Author Manuscript

NIH-PA Author Manuscript

G 9olqel

NIH-PA Author Manuscript

Environ Int. Author manuscript; available in PMC 2015 February 17.



