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Abstract

There are few established causes of leukemia, the most common type of cancer in children.
Studies in adults suggest a role for specific environmental agents, but little is known about any
effect from exposures in pregnancy to toxics in ambient air. In our case-control study, we
ascertained 69 cases of acute lymphoblastic leukemia (ALL) and 46 cases of acute myeloid
leukemia (AML) from California Cancer Registry records of children < age 6, and 19,209 controls
from California birth records within 2km (1.3 miles) (ALL) and 6km (3.8 miles) (AML) of an air
toxics monitoring station between 1990-2007. Information on air toxics exposures was taken from
community air monitors. We used logistic regression to estimate the risk of leukemia associated
with one interquartile range increase in air toxic exposure. Risk of ALL was elevated with 3rd
trimester exposure to polycyclic aromatic hydrocarbons (OR=1.16, 95%CI 1.04, 1.29), arsenic
(OR=1.33, 95%CI 1.02, 1.73), benzene (OR=1.50, 95%CI 1.08, 2.09), and three other toxics
related to fuel combustion. Risk of AML was increased with 3" trimester exposure to chloroform
(OR=1.30, 95%CI 1.00, 1.69), benzene (1.75, 95%CI 1.04, 2.93), and two other traffic-related
toxics. During the child’s first year, exposure to butadiene, ortho-xylene, and toluene increased
risk for AML and exposure to selenium increased risk for ALL. Benzene is an established cause of
leukemia in adults; this study supports that ambient exposures to this and other chemicals in
pregnancy and early life may also increase leukemia risk in children.

Keywords

Childhood leukemia; pregnancy; polycyclic aromatic hydrocarbons; benzene; toluene; lead;
chloroform; xylenes; arsenic; childhood cancer epidemiology

© 2013 Elsevier GmbH. All rights reserved.

Julia E. Heck, Department of Epidemiology, Fielding School of Public Health, Box 951772, 650 Charles E. Young Drive, Los
Angeles, CA 90095-1772, Phone: 1-310-825-4254, Fax: 1 310 206 6039, jeheck@UCLA.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



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

1duosnuely Joyny vd-HIN

Heck et al.

Page 2

Introduction

Leukemia is the most common cancer type in children, with 5,000 new cases expected in the
US in 2012 (Howlader et al., 2012). The most common type of childhood leukemia is acute
lymphoblastic leukemia (ALL), which accounts for 78% of cases in childhood, followed by
acute myeloid leukemia (AML) which makes up 16% of childhood leukemias (Ries et al.,
1999). Established causes of childhood leukemia including genetic predisposition, ionizing
radiation, and chemotherapeutic agents are estimated to explain < 10% of cases, leaving the
majority of cases with an unresolved etiology (IARC, 2012a, 2012d; Strahm and Malkin,
2006).

In adults, occupational exposure to benzene, 1,3 butadiene, and formaldehyde, as well as
employment in certain industries such as rubber manufacturing, are established causes of
hematopoietic cancers (IARC, 2012c). Although there are many fewer studies of children,
researchers have observed excess risk for leukemias with maternal employment in
machinery production and the textile industry and with maternal occupational exposure to
vehicle exhaust, paints, pigments, lacquers, toluene, carbon tetrachloride, wood dust, and
benzene (Magnani et al., 1990; McKinney et al., 1991; Reid et al., 2011; Schuz et al., 2000;
Shu et al., 1988; Shu et al., 1999; Vianna et al., 1984).

Less is known about whether exposure to the lower levels of chemicals that pregnant
mothers and children are exposed to in everyday life (“ambient exposures”) increase risk for
leukemia. Recently, two studies by our group observed increases in ALL in children with
greater exposure to traffic-related pollution during the mother’s pregnancy period (Ghosh et
al., 2013; Heck et al., 2013d). Of the other studies on this topic with high quality exposure
assessment, a majority have found similar results (Amigou et al., 2011; Crosignani et al.,
2004; Feychting et al., 1998; Raaschou-Nielsen et al., 2001; Vinceti et al., 2012; Weng et
al., 2008).

The initiating steps of carcinogenesis of some types of leukemia have been previously
demonstrated in studies that identified hallmark chromosome translocations in the
bloodspots of newhorns (Wiemels et al., 1999; Wiemels et al., 2002). Due to the fetus’
greater vulnerability to toxins (Selevan et al., 2000), environmental exposures occurring
during the perinatal period may be of most relevance to leukemia risk. Using a population-
based sample, the purpose of the present study was to further examine possible traffic-
related and other pollution effects by investigating the influence of specific air toxics on
leukemia risk.

Materials and methods

The Air Pollution and Childhood Cancer Study (APCC) is a large population-based study,
which is described in detail elsewhere (Heck et al., 2013a). In brief, cases were selected
from children younger than age 6 who were listed in the California Cancer Registry between
1990 and 2007. We chose to restrict to this young age because our primary hypothesis was
that exposures during the perinatal period would be of the most etiologic relevance. Using
first name, last name, date of birth, and social security number when available, we matched
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cases to California birth certificates (89% matching rate). The majority of cases that were
not matched to a birth certificate were likely born out of state (Urayama et al., 2009).
Controls, frequency-matched by year of birth to all childhood cancer cases in the parent
APCC study, were selected at random from California birth certificates for the same time
period (20:1 matching). After linkage with California death records, we excluded 1,550
controls who died of other causes in childhood (<age 6). There were 9,234 children lacking
information on gestational age on their birth certificates that were excluded from the present
study. We additionally excluded 71 likely non-viable births among controls (< 500 g
birthweight or < 20 weeks gestational age) and 494 children whose home address was listed
as being outside of California.

We geocoded home addresses, as listed on birth certificates, with a manual resolution
process for unmatched addresses, as previously described (Goldberg et al., 2008). Full
addresses (number and street) were available on electronic birth certificates starting in 1998.
Prior to that date, electronic records only included zip code, thus we geocoded everyone to
the zip code centroid. We conducted sensitivity analyses to determine whether the use of zip
code centroid instead of addresses changed estimates in models.

The state of California has conducted community-based environmental monitoring of air
toxics since 1985, with data available from 1990. Air monitors collect 24-hour samples
every 12 days. While air monitors are located across the state, most are sited near heavy
industry, busy freeways, or in agriculturally intense rural regions (for map, see (Cox et al.,
2008)). Across the study period, monitors were located at 39 different sites. The number of
air toxics that are collected has changed over time (ranging between ~60 to 189), and not
every air toxic was collected at every monitor, with many collected only in certain years or
at specific monitors. Of the available toxics, we selected 42 for the present study because
they had been listed as established or suspected carcinogens by the International Agency for
Research on Cancer (IARC, 2011). We additionally created a new variable, total polycyclic
aromatic hydrocarbons (PAHSs), which consisted of the sum of all PAH values
[benzo(b)fluoranthene, benzo(k)fluoranthene, indeno(1,2,3-cd)pyrene,
dibenz(a,h)anthracene, benzo(g,h,i)perylene, and benzo(a)pyrene].

We ascertained the gestational age of each child from birth certificates, and calculated the
start and end date of each trimester (estimating the trimesters as days 1-90, 91-181, and
181+ of the pregnancy). Time-specific exposure averages were calculated based upon the
gestational age and date of birth of each child, with estimates generated for each trimester,
the entire pregnancy period, and the child’s first year of life. In calculating first year of life
exposures, we excluded children diagnosed with leukemia prior to age 1. For each pollutant,
we included children in the analysis who had at least one reading for each full month of the
pregnancy, and because the last month of pregnancy rarely is exactly one month in length,
with at least one reading within the last 30 days of pregnancy. Only children who lived
within a specific radius around a monitor were included in analyses, and we examined
different radii around the monitors to evaluate consistency in effect estimates across
distances. Our goal was to choose the smallest radii that allowed for adequate sample size
for estimating effects for most pollutants. Here we report results for 2km (~1.3 miles) (ALL)
and 6km (~3.8 miles) (AML) buffer areas. This excluded 2,584 cases (ALL), 394 cases
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(AML) and 142,188 controls from the original study that lived outside the 2K and 6K radii.
In the interest of having adequate sample sizes, we report only upon the air toxics for which
a minimum of 20 cases had values assigned at the respective distance.

Because air toxics frequently arise from the same sources, pollutant measurements are
sometimes correlated with one another. Correlations between the pollutants in this study
have been previously reported (Heck et al., 2013c). To address this issue, we conducted
factor analysis with varimax rotation in order to group highly correlated toxics together. The
air toxics loaded to four main factors (eigenvalues > 1) with the remaining air toxics not
loading to any factor. Results are presented with correlated toxics loading on each factor
grouped together.

We used unconditional logistic regression adjusted for the matching variable, birth year, to
compare demographic and other characteristics of cases and controls. We then used
unconditional logistic regression to estimate the risk of leukemia from each interquartile
range increase in air toxic exposure, for each pollutant separately. Interquartile ranges for
these pollutants have been previously published (Heck et al., 2013b). Models adjusted for
birth year, maternal race/ethnicity (White non-Hispanic/Hispanic/Other), mother’s birth
place (US/ foreign), parity (0/1+ prior pregnancies), and neighborhood socioeconomic
index. Neighborhood socioeconomic index was created by principal components analysis as
a single, 5- level measure based on seven census-level indicators of socioeconomic status
(education, median household income, percent living 200% below poverty, percent blue-
collar workers, percent older than 16 years without employment, median rent, and median
house value) (Heck et al., 2012; Yost et al., 2001). These characteristics have been
associated with ALL, AML, and/or exposure to air pollution (Abdullaev et al., 2000; Altieri
et al., 2006; Howe et al., 2006; Johnson et al., 2008; Pastor et al., 2004). We also examined
adjustment for maternal race/ethnicity using a 4-level variable (White non-Hispanic/Black
non- Hispanic/Hispanic/Other), but results were nearly identical to those seen with the 3-
level race/ethnicity level variable. We considered additional adjustment for child’s sex,
rural/urban area of residence, and maternal age, but as these did not change effect estimates
by > 5%, they were left out of final models (Greenland, 1989).

Although it has not been established that socioeconomic status is independently associated
with childhood leukemia (Adam et al., 2008; Carozza et al., 2010; Poole et al., 2006), we
conducted sensitivity analyses to examine the effect of adjustment for two other
socioeconomic measures, maternal educational attainment and the type of health insurance
used to pay for prenatal care (private insurance vs. Medi-Cal, other governmental sources or
self-pay). The inclusion of these variables in regressions did not change point estimates by
more than 5%.

Analyses of ALL included 69 cases and 2,994 controls who lived within 2km of an air
pollution monitor, and analyses of AML included 46 cases and 19,209 controls living within
6km of an air monitor. Children excluded from analyses because they were residing outside
the 6km buffer were more likely to live in rural counties (19.9% vs. 4.5%).
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Demographic characteristics of participants are shown in Table 1. Children of Hispanic
mothers and children from families with greater parity had a higher risk of ALL.

In the first trimester, an average of 6.9 air toxic measurements was used to calculate an
individual’s exposure; a similar number was used in the second (mean=6.9) and third
(mean=7.3) trimesters. Risk of ALL from pregnancy exposure to air toxics is shown in
Table 2. ALL was associated with increased 3" trimester exposure to PAHSs, 1,3 butadiene,
benzene, meta/para-xylene, arsenic, and lead. Higher exposure to 1,3 butadiene and
benzo(g,h,i)perylene across all of pregnancy also increased risk. Third trimester exposure to
benzene, toluene, meta/para-xylene, and chloroform increased the risk for AML (Table 3).

We excluded cases diagnosed before age 1 in analyses of exposures in the child’s first year,
reducing case sample sizes slightly (Table 4). In infancy, ALL was positively associated
with exposure to selenium, while AML was positively associated with exposure to 1,3
butadiene, ortho-xylene, and toluene.

In additional sensitivity analyses we compared the influence of using zip code centroid
instead of home addresses on results; for some of the pollutants, we observed much larger
point estimates during time periods for which exact address data was available. For example,
for benzene and ALL, the OR when zip code centroid only was available was 1.37 (95%ClI
0.93, 2.01) while for address data it was 2.69 (95%CI 1.28, 5.67). However for several air
toxics, such as total PAHSs, the ALL point estimates were similar no matter whether zip code
centroid (OR=1.16) or home address (OR=1.18) was used.

Discussion

Using a case-control sample of linked cancer registry and birth records, we investigated
associations between air toxics exposures in pregnancy and early life in relation to leukemia
in young children. We examined known or suspected carcinogens based upon, in most
instances, studies of adults that are occupationally exposed to high levels of these agents.
Our study suggests that at the relatively lower levels these agents are encountered in ambient
air, they are still acting as carcinogens. We observed that exposure to several air toxics
during the 3'd trimester, and some in the child’s first year, was associated with increased risk
for ALL and AML. In early pregnancy, lymphoid-hematopoietic progenitor cells migrate
from intraembryonic mesenchyme to fetal liver and fetal spleen, and in late gestation,
relocate to bone marrow and thymus, which are the primary lymphopoietic sites for B-cells
and T-cells, respectively. Late gestation is also a time period of rapid proliferation of both
B-cells and T-cells (Holladay and Smialowicz, 2000; Holsapple et al., 2003); immune
system development then continues postnatally. As has been previously hypothesized, there
are likely to be critical windows in fetal development which increase susceptibility to
toxicants (Dietert et al., 2000; Holladay and Smialowicz, 2000); our data suggest that the 3'd
trimester and early life may be critical periods of vulnerability.

As previously reported (Amigou, et al., 2011; Crosignani, et al., 2004; Feychting, et al.,
1998; Ghosh, et al., 2013; Heck, et al., 2013d; Vinceti, et al., 2012; Weng, et al., 2008), we
observed associations with both AML and ALL in relation to the components of traffic
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exhaust. Benzene is an established cause of leukemia in adults (mostly myelogenous,
although there is some evidence for lymphoblastic leukemia as well) (IARC, 2012c).
Benzene appears to exert genotoxic effects on precursor cells in bone marrow, causing a
variety of genetic abnormalities. A study in mice observed in utero exposure to benzene
increases occurrences of micronuclei and DNA recombination events in hematopoietic
tissue (Lau et al., 2009). These changes may occur through oxidative cellular damage which
is disruptive to signaling pathways (Badham et al., 2010). Toxics from traffic pollution are
able to cross the human placenta, as shown by evidence of bulky DNA adducts and
micronuclei in cord blood among newborns exposed in utero (Pedersen et al., 2009).

Our findings also support the results of an earlier study which observed excesses of
leukemia with maternal occupational exposure to toluene (Shu, et al., 1999). However,
benzene, toluene, ethyl benzene, and the xylenes (collectively referred to as “BTEX”) are
strongly correlated in our study because they largely arise from the same source, fossil fuel
combustion. These strong correlations make it difficult to discern which pollutant may be
most relevant for leukemia development. Correlations between BTEX and other toxics
loading onto our second factor (perchloroethylene, lead, carbon tetrachloride, hexavalent
chromium) can be explained part by the contribution of gasoline combustion to emissions of
several of the other chemicals; for example, 52% of hexavalent chromium emissions in
California arise from fuel combustion (Cox et al., 2010). Lead is likely correlated with
BTEX due to its continuing presence in gasoline that is used by small propeller aircraft
(*avgas™) and racing fuels (Agency for Toxic Substances and Disease Registry, 2012).
Despite the fact that lead appears to act synergistically with other mutagens in vitro, studies
linking it to cancer have been limited in number. It is a known reproductive toxicant;
however at present evidence is lacking that it is a leukemogen (Landrigan et al., 2000).
Other air toxics are correlated with BTEX likely due to greater releases in urban areas
(Turnbull et al., 2011). Perchloroethylene is a solvent used in dry cleaning and
manufacturing, while carbon tetrachloride releases in California result from chemical
manufacturing and petroleum refining (Cox, et al., 2010).

We observed increased risk of ALL with exposure to PAHs. PAHSs arise from a variety of
sources in the environment, including bitumen, coal dust, coal tar, creosotes, fuel
combustion, mineral oils, petroleum refining, wood smoke, coke production, and tobacco
smoke. Only one PAH, benzo(a)pyrene, has been classified as an established human
carcinogen, based upon the results of experimental studies as well as biological plausibility
(IARC, 2012c). PAH exposure in ambient air is associated with chromosomal aberrations in
cord blood (Bocskay et al., 2005), and immune system dysfunction is observed in mice
exposed to PAHSs in utero (Holladay and Smialowicz, 2000). To our knowledge, this is the
first human study to report on a potential association between childhood leukemia and PAH
exposure.

We additionally observed associations between ALL and exposure to arsenic in the 3'd
trimester, although arsenic measurements were correlated with PAH levels. In our study, the
highest levels of ambient arsenic were measured in the San Joaquin valley and other inland
counties, possibly from its use in pesticide formulations (Baker et al., 1996), however
emissions may also arise from smelters, coal burning and other industrial processes (Agency
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for Toxic Substances and Disease Registry, 2007). Arsenic is a cause of lung, skin and
bladder cancers in adults (IARC, 2012b), and it passes through the placenta and is a
developmental toxicant, causing fetal loss and birth defects (Vahter, 2009). However a
previous study of airborne arsenic, which arose primarily from industrial coal burning, did
not find increases in childhood leukemia (Engel and Lamm, 2008).

Chloroform is used in pesticide formulations, as a solvent, and is emitted into the
atmosphere as a byproduct from bleaching of paper pulp and in water chlorination.
Chloroform is an established carcinogen in animals, but data on its carcinogenicity in
humans are limited (IARC, 1999). It is a developmental toxicant and is associated with fetal
death and growth retardation in animals; it also causes sperm abnormalities (US EPA, 2001).
A small number of studies have observed excesses of leukemia from exposure to
trihalomethanes or chloroform in drinking water (Infante-Rivard et al., 2001; Vinceti et al.,
2004), however little is known regarding putative effects from ambient air exposure. The
associations we observed with chloroform may have been in part driven by the moderate
correlations with BTEX pollutants (r~0.21-0.60).

The largest anthropogenic sources of airborne selenium are from the combustion of fossil
fuels and in copper production and refining. It is also used in insecticide formulations and in
the glass and rubber industries. Studies of selenium exposure have shown both increases and
decreases in cancer; it should be noted that selenium releases from industrial sources are
likely inorganic, while naturally occurring dietary sources are likely organic (Vinceti et al.,
2013). In our study the highest selenium levels occurred in the South Coast Air Basin
(which includes Los Angeles), San Diego, the Bay Area, and the San Joaquin Valley. The
adverse health effects of selenium include impacts on endocrine function and on the
metabolism of growth hormones and insulin-like growth factor-1. However, ambient
selenium has not previously been linked to leukemia, and results may be due to chance.

The stability in ambient air of the toxics that we examined is quite variable. Benzene has
relatively low reactive decay, while 1,3 butadiene, toluene, and the xylenes are quite
reactive, which suggests the findings that we observed for benzene would be the most
reliable. Chloroform is also quite stable, while selenium species released in air react rapidly
with sulfur dioxide and are reduced to elemental selenium. The size of PAHs (0.4-1.1 um),
which were measured as particulates in our study, would suggest that they may remain
airborne for several days or longer. Lead particulates vary in size, but tend to be deposited <
10km from emission sources (Agency for Toxic Substances and Disease Registry, 2012).
Traffic emissions are believed to have relatively narrow impact zones of highest exposures,
ranging from 300 meters downwind during daytime with good mixing (Zhu et al., 2002) to
up to 2600 meters before sunrise with a stable atmosphere (Hu et al., 2009).

We were limited by our reliance on the birth address to estimate exposures, as ambient air
near workplaces or while commuting would also be important. We attempted to account for
this in part by adjusting for parity, a proxy indicator of whether mothers may have worked
outside the home during pregnancy. In addition, between 10-30% of families move
addresses during pregnancy, although most moves are local (< 10km) and occur during the
2"d trimester; thus, exposure misclassification would be most concerning for 18t trimester
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estimates (Bell and Belanger, 2012). We were further limited by the distance from home
addresses to monitors, with some misclassification of exposure expected from the use of
monitors that were situated up to 6km from the home, in the case of AML analyses. We also
lacked information on parental smoking status, as tobacco use was not collected on
California birth certificates until 2007. Tobacco use in pregnancy is lower in California than
in other states, in part because of the large numbers of Latina mothers, who are much less
likely to smoke while pregnant than women of other ethnic groups (California Department
of Public Health Tobacco Control Program, 2006). We were also not able to assess
individual level PAH exposure, which in addition to outdoor air exposures is dependent on
dietary and indoor air sources (tobacco smoke, emissions from household heat sources,
charbroiled meat consumption etc.). However, previous research has noted that for the PAHs
we examined in the present study, indoor measurements of PAHSs are strongly correlated
with outdoor concentrations (Naumova et al., 2002). Results should be interpreted with
caution due to the large number of statistical tests, with some results likely due to chance.

Although levels of many air toxics are dropping in California due to changes in gasoline
formulations (Cox, et al., 2008), poor air quality is common in many parts of the world due
to rapid growth. Strengths of the present study include the population-based design with
many years of data collection for airborne toxic pollutants and no response or recall biases
since it was based on record linkage only. We observed increases in ALL and AML with
maternal and early life exposure to benzene and several other pollutants. Benzene is a
known leukemogen and the higher odds ratio we observed when exact home address was
available suggest its effects may be also occurring from ambient air exposures. Our results
also support earlier research which has observed increases in cancer risk with exposure to
traffic pollution (International Agency for Research on Cancer and World Health
Organization, 1989). Our other findings, on arsenic, lead, chloroform, selenium, and PAHs
have not been reported previously and necessitate replication in other studies.

Acknowledgments

The authors would like to thank Michelle Wilhelm and Christina Lombardi for their help with the study. No authors
report any conflict of interest. This study was supported by grants from the US National Institute of Environmental
Health Sciences (R21ES018960, R21ES019986, P30ES007048, RO3ES021643).

REFERENCES

Abdullaev FI, Rivera-Luna R, Roitenburd-Belacortu V, Espinosa-Aguirre J. Pattern of childhood
cancer mortality in Mexico. Arch. Med. Res. 2000; 31:526-531. [PubMed: 11179590]

Adam M, Rebholz CE, Egger M, Zwahlen M, Kuehni CE. Childhood leukaemia and socioeconomic
status: what is the evidence? Radiat. Prot. Dosimetry. 2008; 132:246-254. [PubMed: 18927134]

Agency for Toxic Substances and Disease Registry. Toxicological Profile for Arsenic. Atlanta, GA:
Agency for Toxic Substances and Disease Registry; 2007.

Agency for Toxic Substances and Disease Registry. [Retrieved Mar 12, 2013] Toxic substances portal.
2012. from http://www.atsdr.cdc.gov/toxprofiles/index.asp February 14, 2013

Altieri A, Castro F, Bermejo JL, Hemminki K. Number of siblings and the risk of lymphoma,
leukemia, and myeloma by histopathology. Cancer Epidemiol Biomarkers Prev. 2006; 15:1281—
1286. [PubMed: 16835324]

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.


http://www.atsdr.cdc.gov/toxprofiles/index.asp

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

1duosnuely Joyny vd-HIN

Heck et al.

Page 9

Amigou A, Sermage-Faure C, Orsi L, Leverger G, Baruchel A, Bertrand Y, et al. Road traffic and
childhood leukemia: the ESCALE study (SFCE). Environ. Health Perspect. 2011; 119:566-572.
[PubMed: 21147599]

Badham HJ, Renaud SJ, Wan J, Winn LM. Benzene-initiated oxidative stress: Effects on embryonic
signaling pathways. Chem. Biol. Interact. 2010; 184:218-221. [PubMed: 19913523]

Baker LW, Fitzell DL, Seiber JN, Parker TR, Shibamoto T, Poore MW, et al. Ambient air
concentrations of pesticides in California. Environ. Sci. Technol. 1996; 30:1365-1368.

Bell ML, Belanger K. Review of research on residential mobility during pregnancy: consequences for
assessment of prenatal environmental exposures. J Expo. Sci. Environ. Epidemiol. 2012; 22:429—
438. [PubMed: 22617723]

Bocskay KA, Tang D, Orjuela MA, Liu X, Warburton DP, Perera FP. Chromosomal aberrations in
cord blood are associated with prenatal exposure to carcinogenic polycyclic aromatic
hydrocarbons. Cancer Epidemiol. Biomarkers Prev. 2005; 14:506-511. [PubMed: 15734979]

California Department of Public Health Tobacco Control Program. Sacramento, CA: Smoking during
pregnancy; 2006.

Carozza SE, Puumala SE, Chow EJ, Fox EE, Horel S, Johnson KJ, et al. Parental educational
attainment as an indicator of socioeconomic status and risk of childhood cancers. Br J Cancer.
2010; 103:136-142. [PubMed: 20531410]

Cox, P.; Delao, A.; Komorniczak, A.; Weller, R. The California almanac of emissions and air quality.
Sacramento, CA: California Air Resources Board; 2008.

Cox, P.; Delao, A.; Komorniczak, A.; Weller, R. The 2009 California almanac of emissions and air
quality. Sacramento, CA: California Air Resources Board; 2010.

Crosignani P, Tittarelli A, Borgini A, Codazzi T, Rovelli A, Porro E, et al. Childhood leukemia and
road traffic: A population-based casecontrol study. Int J Cancer. 2004; 108:596-599. [PubMed:
14696126]

Dietert RR, Etzel RA, Chen D, Halonen M, Holladay SD, Jarabek AM, et al. Workshop to identify
critical windows of exposure for children's health: immune and respiratory systems work group
summary. Environ. Health Perspect. 2000; 108(Suppl 3):483-490. [PubMed: 10852848]

Engel A, Lamm SH. Arsenic exposure and childhood cancer--a systematic review of the literature. J
Environ. Health. 2008; 71:12-16. [PubMed: 18990928]

Feychting M, Svensson D, Ahlbom A. Exposure to motor vehicle exhaust and childhood cancer.
Scandinavian J. Work Environ. Health. 1998; 24:8-11.

Ghosh JK, Heck JE, Cockburn M, Su J, Jerrett M, Ritz B. Prenatal Exposure to Traffic-related Air
Pollution and Risk of Early Childhood Cancers. Am J Epidemiol. 2013; 178:1233-1239.
[PubMed: 23989198]

Goldberg DW, Wilson JP, Knoblock CA, Ritz B, Cockburn MG. An effective and efficient approach
for manually improving geocoded data. Int J Health Geographics. 2008; 7

Greenland S. Modeling and variable selection in epidemiologic analysis. Am J Public Health. 1989;
79:340-349. [PubMed: 2916724]

Heck JE, Lombardi CA, Cockburn M, Meyers TJ, Wilhelm M, Ritz B. Epidemiology of Rhabdoid
Tumors of Early Childhood. Pediatr Blood Cancer. 2013a; 60:77-81. http://
www.nchi.nlm.nih.gov/pubmed/22434719. [PubMed: 22434719]

Heck JE, Lombardi CA, Meyers TJ, Cockburn M, Wilhelm M, Ritz B. Perinatal characteristics and
retinoblastoma. Cancer Causes Control. 2012; 23:1567-1575. [PubMed: 22843021]

Heck JE, Park AS, Qiu J, Cockburn M, Ritz B. An exploratory study of ambient air toxics exposure in
pregnancy and the risk of neuroblastoma in offspring. Environ. Res. 2013b; 127:1-6. http://
www.ncbi.nlm.nih.gov/pubmed/24139061. [PubMed: 24139061]

Heck JE, Park AS, Qiu J, Cockburn M, Ritz B. Retinoblastoma and ambient exposure to air toxics in
the perinatal period. J Exp. Sci. Environ Epidemiol. 2013c http://www.ncbi.nlm.nih.gov/pubmed/
24280682.

Heck JE, Wu J, Lombardi C, Qiu J, Meyers TJ, Wilhelm M, et al. Childhood Cancer and Traffic-
Related Air Pollution Exposure in Pregnancy and Early Life. Environ. Health Perspect. 2013d;
121:1385-1391. http://www.ncbi.nlm.nih.gov/pubmed/24021746. [PubMed: 24021746]

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.


http://www.ncbi.nlm.nih.gov/pubmed/22434719
http://www.ncbi.nlm.nih.gov/pubmed/22434719
http://www.ncbi.nlm.nih.gov/pubmed/24139061
http://www.ncbi.nlm.nih.gov/pubmed/24139061
http://www.ncbi.nlm.nih.gov/pubmed/24280682
http://www.ncbi.nlm.nih.gov/pubmed/24280682
http://www.ncbi.nlm.nih.gov/pubmed/24021746

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

1duosnuely Joyny vd-HIN

Heck et al.

Page 10

Holladay SD, Smialowicz RJ. Development of the murine and human immune system: differential
effects of immunotoxicants depend on time of exposure. Environ. Health Perspect. 2000;
108(Suppl 3):463-473. [PubMed: 10852846]

Holsapple MP, West LJ, Landreth KS. Species comparison of anatomical and functional immune
system development. Birth defects research. Part B, Developmental Reprod Toxicol. 2003;
68:321-334. PMID: 14666995.

Howe HL, Wu X, Ries LA, Cokkinides V, Ahmed F, Jemal A, et al. Annual report to the nation on the
status of cancer, 1975-2003, featuring cancer among U.S. Hispanic/Latino populations. Cancer.
2006; 107:1711-1742. [PubMed: 16958083]

Howlader, N.; Noone, AM.; Krapcho, M.; Neyman, N.; Aminou, R.; Altekruse, SF., et al. SEER
Cancer Statistics Review, 1975-2009 (Vintage 2009 populations). Bethesda, MD: National Cancer
Institute; 2012.

Hu SS, Fruin S, Kozawa K, Mara S, Paulson SE, Winer AM. A wide area of air pollutant impact
downwind of a freeway during presunrise hours. Atmos. Environ. 2009; 43:2541-2549.

International Agency for Research on Cancer (IARC). Diesel and gasoline engine exhausts and some
nitroarenes. Lyon, France: WHO Press; 1989.

IARC. Some chemicals that cause tumours of the kidney or urinary bladder in rodents, and some other
substances. Lyon, France: WHO Press; 1999.

IARC. [Retrieved Sept 1, 2011] Agents classified by the IARC monographs. 2011. from http://
monographs.iarc.fr/ENG/Classification/ClassificationsAlphaOrder.pdf

IARC. A review of human carcinogens. A. Pharmaceuticals (Vol. 100 (A)). Lyon, France: WHO
Press; 2012a.

IARC. A review of human carcinogens: arsenic, metals, fibres, and dusts (Vol. 100 (C)). Lyon, France:
WHO Press; 2012b.

IARC. A review of human carcinogens: chemical agents and related occupations (Vol. 100 (F)). Lyon,
France: WHO Press; 2012c.

IARC. A review of human carcinogens: radiation (\Vol. 100 (D)). Lyon, France: WHO Press; 2012d.

Infante-Rivard C, Olson E, Jacques L, Ayotte P. Drinking water contaminants and childhood leukemia.
Epidemiology. 2001; 12:13-19. [PubMed: 11138808]

Johnson KJ, Soler JT, Puumala SE, Ross JA, Spector LG. Parental and infant characteristics and
childhood leukemia in Minnesota. BMC Pediatr. 2008; 8:7. [PubMed: 18298855]

Landrigan PJ, Boffetta P, Apostoli P. The reproductive toxicity and carcinogenicity of lead: a critical
review. Am. J. Ind. Med. 2000; 38:231-243. [PubMed: 10940961]

Lau A, Belanger CL, Winn LM. In utero and acute exposure to benzene: investigation of DNA double-
strand breaks and DNA recombination in mice. Mutat. Res. 2009; 676:74-82. [PubMed:
19486867]

Magnani C, Pastore G, Luzzatto L, Terracini B. Parental occupation and other environmental factors in
the etiology of leukemias and non- Hodgkin's lymphomas in childhood. Tumori. 1990; 76:413—
419. [PubMed: 2256184]

McKinney PA, Alexander FE, Cartwright RA, Parker L. Parental occupations of children with
leukaemia in west Cumbria, north Humberside, and Gateshead. BMJ. 1991; 302:681-687.
[PubMed: 2021741]

Naumova YY, Eisenreich SJ, Turpin BJ, Weisel CP, Morandi MT, Colome SD, et al. Polycyclic
aromatic hydrocarbons in the indoor and outdoor air of three cities in the US. Environ Sci Technol.
2002; 36:2552-2559. [PubMed: 12099449]

Pastor M, Sadd JL, Morello-Frosch R. Waiting to inhale: The demographics of toxic air release
facilities in 21st-century California. Soc Sci Quart. 2004; 85:420-440.

Pedersen M, Wichmann J, Autrup H, Dang DA, Decordier I, Hvidberg M, et al. Increased micronuclei
and bulky DNA adducts in cord blood after maternal exposures to traffic-related air pollution.
Environ. Res. 2009; 109:1012-1020. [PubMed: 19783246]

Poole C, Greenland S, Luetters C, Kelsey JL, Mezei G. Socioeconomic status and childhood
leukaemia: a review. Int J Epidemiol. 2006; 35:370-384. [PubMed: 16308412]

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.


http://monographs.iarc.fr/ENG/Classification/ClassificationsAlphaOrder.pdf
http://monographs.iarc.fr/ENG/Classification/ClassificationsAlphaOrder.pdf

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

1duosnuely Joyny vd-HIN

Heck et al.

Page 11

Raaschou-Nielsen O, Hertel O, Thomsen BL, Olsen JH. Air pollution from traffic at the residence of
children with cancer. Am J Epidemiol. 2001; 153:433-443. [PubMed: 11226975]

Reid A, Glass DC, Bailey HD, Milne E, Armstrong BK, Alvaro F, et al. Parental occupational
exposure to exhausts, solvents, glues and paints, and risk of childhood leukemia. Cancer Causes
Control. 2011; 22:1575-1585. [PubMed: 21866372]

Ries, LA.; Smith, MA.; Gurney, JG.; Linet, M.; Tamra, T.; Young, JL., et al. Cancer incidence and
survival among children and adolescents: United States SEER program 1975-1995. Bethesda,
MD: National Cancer Institute; 1999.

Schuz J, Kaletsch U, Meinert R, Kaatsch P, Michaelis J. Risk of childhood leukemia and parental self-
reported occupational exposure to chemicals, dusts, and fumes. Cancer Epidemiol Biomarkers
Prev. 2000; 9:835-838. [PubMed: 10952101]

Selevan SG, Kimmel CA, Mendola P. Identifying critical windows of exposure for children's health.
Environ. Health Perspect. 2000; 108(Suppl 3):451-455. [PubMed: 10852844]

Shu XO, Gao YT, Brinton LA, Linet MS, Tu JT, Zheng W, et al. A population-based case-control
study of childhood leukemia in Shanghai. Cancer. 1988; 62:635-644. [PubMed: 3164642]

Shu XO, Stewart P, Wen WQ, Han D, Potter JD, Buckley JD, et al. Parental occupational exposure to
hydrocarbons and risk of acute lymphocytic leukemia in offspring. Cancer Epidemiol Biomarkers
Prev. 1999; 8:783-791. [PubMed: 10498397]

Strahm B, Malkin D. Hereditary cancer predisposition in children: Genetic basis and clinical
implications. Int J Cancer. 2006; 119:2001-2006. [PubMed: 16642469]

Turnbull J, Karion A, Fischer M, Faloona I, Guilderson T, Lehman S, et al. Assessment of fossil fuel
carbon dioxide and other anthropogenic trace gas emissions from airborne measurements over
Sacramento, California in spring 2009. Atmos. Chem. Phys. 2011; 11:705-721.

Urayama KY, Von Behren J, Reynolds P, Hertz A, Does M, Buffler PA. Factors associated with
residential mobility in children with leukemia: implications for assigning exposures. Annals
Epidemiol. 2009; 19:834-840.

US EPA. support of summary information on the Integrated Risk Information System (IRIS).
Washington, DC: US Environmental Protection Agency; 2001. Toxicological review of
chloroform.

Vahter M. Effects of arsenic on maternal and fetal health. Annu. Rev. Nutr. 2009; 29:381-399.
[PubMed: 19575603]

Vianna NJ, Kovasznay B, Polan A, Ju C. Infant leukemia and paternal exposure to motor vehicle
exhaust fumes. J Occup Med. 1984; 26:679-682. [PubMed: 6207280]

Vinceti M, Crespi CM, Malagoli C, Del Giovane C, Krogh V. Friend or foe? The current
epidemiologic evidence on selenium and human cancer risk. J Environ Sci Health Part C. 2013;
31(4):305-341. http://www.ncbi.nlm.nih.gov/pubmed/24171437.

Vinceti M, Fantuzzi G, Monici L, Cassinadri M, Predieri G, Aggazzotti G. A retrospective cohort
study of trihalomethane exposure through drinking water and cancer mortality in northern Italy.
Science Total Environ. 2004; 330:47-53.

Vinceti M, Rothman KJ, Crespi CM, Sterni A, Cherubini A, Guerra L, et al. Leukemia risk in children
exposed to benzene and PM10 from vehicular traffic: a case-control study in an Italian population.
Eur J Epidemiol. 2012; 27:781-790. [PubMed: 22892901]

Weng HH, Tsai SS, Chen CC, Chiu HF, Wu TN, Yang CY. Childhood leukemia development and
correlation with traffic air pollution in Taiwan using nitrogen dioxide as an air pollutant marker. J
Toxicol Environ Health A. 2008; 71:434-438. [PubMed: 18306090]

Wiemels JL, Cazzaniga G, Daniotti M, Eden OB, Addison GM, Masera G, et al. Prenatal origin of
acute lymphoblastic leukaemia in children. Lancet. 1999; 354:1499-1503. [PubMed: 10551495]

Wiemels JL, Xiao Z, Buffler PA, Maia AT, Ma X, Dicks BM, et al. In utero origin of t(8;21) AML1-
ETO translocations in childhood acute myeloid leukemia. Blood. 2002; 99:3801-3805. [PubMed:
11986239]

Yost K, Perkins C, Cohen R, Morris C, Wright W. Socioeconomic status and breast cancer incidence
in California for different race/ethnic groups. Cancer Causes Control. 2001; 12:703-711.
[PubMed: 11562110]

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.


http://www.ncbi.nlm.nih.gov/pubmed/24171437

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

1duosnuely Joyny vd-HIN

Heck et al.

Page 12

Zhu YF, WC H, Kim S, Shen S, C S. Study of ultrafine particles near a major highway with heavy-
duty diesel traffic. Atmos. Environ. 2002; 36:4323-4335.

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.



Page 13

Heck et al.

NV 10} WG pUe TV J0J WZ :SI0HUOW A1e punoJe 1pel BuLIajIp Jo asneasq sasAeue A PUB 1V Usamiaq Jajp sazis ajdwes _otcoo+

(s1qe1seA Buiyarew) JeaA yuiq 1oy isnlpe sonel sppo

¥

(59'9'€0'T) 29T (r.1)8  (6'6) T06T (FT'TT'ST0) LTT (AR (82) €8 (yb1y) 5O
(00 '29°0) 26T e (0L1) voze STV '61°0) VT (6sm 1T (T722) 299 70O
(92°€'29'0) €5°T (961)6  (9'8T) TGSE (05'8'92'T) L2°€ (ev)oe  (2'92) 008 €0
(9v°'€ '29°0) L¥'T (6€0) 1T (0'v2) 209Y (TT'6'2L0) 16T (6'1€) 2z (T°€E) 166 20

QUEICTEN! (zT2)or  (L08) 168G QUEICTEN! (s  (ea1) 85K (mop) TO

X3pul 91LI0U0290190s pooyoqybiaN

(TL'T'€5°0) 560 (£89) 21z (0°09) €€STT (T9°T ‘19°0) 66°0 (6:09) ¢y (6°09) €28T  satoueubaid Joud +1

JIUEIETEN| (eTv) 6T (0°0V) €292 Juslayey (t6e) 22 (16€) TZTT  saroueubaid Joud oN
Ared

(se'1‘2v'0) SL°0 (sev) oz (50S) 2696 (22'1'99'0) 90'T (8Lv)ee  (g9v) zeeT A1unod 18yr0

PUETETEN (599) 9z  (5'6v) 66v6 PUETCTEN (cz9)9e  (g€s) 66ST SN
aoe|dyuiqg sJayloN

(eL'T'2€°0)SL°0 (961)6  (6'T2) ¥Tcy (99'1'2€°0)8L°0 (6'sT)TT  (8'22) €89 umouxun/Isylo

(TS'T'01°0) 82°0 (009) ez (615) 0266 (9v'Z'6L°0) OF'T (0gs)or  (v'8¥) 0SvT oluedsiH

ua194y (roe) ¥T  (2'92) 5205 Walapey (T9g) 8T  (8'82) 198  dluedsiH-uou aHYM

PSRV ETER TR ENI

(1D %86) ,HO 8PMID (g4 N (%) N (1D %86) 4O 8PMID (g4 N (%) N
saseD }S104u09 sasen JSlonuod

TNV v

siuedionJed Jo sonsualoeieyd alydesbowag

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.



Page 14

Heck et al.

(82'T'59°0) 16'0 160 (82'1'8L°0) 00T €0'T (82'1'9,°0) 86°0 20T (z1'T'v9°0) S8'0 880 6T¥2/29 wiioj010jyd
(0€'T'92°0) 66°0 00T (¥2'1'28°0) T0'T 20T (Tz'1'98°0) T0'T 00T (9TT'9L0)¥60  S60 G20z/6y 8USZUaC0IO0JyIIp-Eed

10108} _._Hv
(rr'1'€L'0) 20'T [AR) (82'1'0L°0) S6'0 €0'T (ev'1'88°0) CT'T LTT (9e'T'€L°0) 00T 80'T SOTZ/VS wniwoiydy
(T¥'T'09°0) 26°0 60T (€2'1 '65°0) S8'0 860 (Lr'1'2L0) 90T LTT (££'T'99°0) 56'0 80'T 90T2/¥S 199IN

10108} €
(26'T ‘T7°0) 06'0 160 (65T ‘07°0) 08°0 980 (06'T ‘9t°0) ¥6°0 66°0 (0zz'y0)T0T 60T SerT/LE apliojyoeal uoged
(18'T'68'0) L2'T eeT (€€'1'98°0) 20T 60'T (62'T°26'0) CT'T YT (€9'1'58°0) 8T'T 1ZA 8S/T/Ly  WINILWIOIYD Jud[eAexsH
(e1'2'68'0) 8E'T 15T (96'T'20T) ev'T 8r'T (0L'T'¥8°0) 6T'T 12T (TS'T'v2°0) 90T ST'T 1602/ pea
(T9T'220) 80T €T (eST'v80) ETT 9T'T (8¥'1'92°0) 90T 60'T (Le7'69°0) 260 10T €1€2/65 auajAuyre0I0]yaI9d
(802 '26'0) 8€'T T (69'T'S0'T) €€'T Ge'T (ev'1'SL°0) ¥O'T S0'T (L8'T'¥8°0) 20T 0T'T €191/ auajAx-ered/eloN
(ze'1'85°0) 280 660 (€2'1'€8°0) 10T €0'T (zz'1'59'0) 68°0 960 (6T'T '09°0) 58'0 260 2E6T/9Y aualfis
WLT'TL0TTT veT (59'1'06'0) 22T 87T (er1'eL0)eot 60'T (ce1'89°0)560 €07 €1€2/65 auanjo
(8v'C 'v8'0) ¥'T 1971 (602 '80'T) 0S'T 197 (29'1'08°0) 9T'T SC'T (92'1'85°0)580 60 1292/99 auazuag
(z9T'0L0) 20T ITT (89'T '66'0) 62T €T (se'T'2L°0)66°0 G0'T (ZT'T'09°0) ¥8'0 060 162215 auajAx-oylo
(TST'v2°0) 90T ITT (9v'1'26'0) 6T'T €T (Te1'20) 260 860 (Tz1'sL0)560 10T 66TZ/LS audzuaq JAyi3
(987'60T) 9L'T v6'T (66'T'6T'T) ¥S'T 09'T (¥S'1'88°0) LT'T €21 (S2'1'29°0) 16'0 160 9292/99 auaIpeIng-€'1

10308} 2
(orT'10)02TT 10T (eLT'20T) €ET 8C'T (9v'1'6L°0) L0°T 90T (TT'T'9v'0) TL°0 0.0 186/¢C olussIY
(reT'eTT) 9T 29T (87'1'80°T) LTT 82T (Te1'66°0) 2T'T AN (8T'T'8L°0)960 660 65TZ/ES auajhiad(1'y'6)ozusg
(60'T '68'0) 86°0 660 (zz1'20T) CT'T 17T (S0'T ‘€6'0) 66°0 660 (S0'T '98'0) 56'0 960 6STZ/ES  uadeiyue(y'e)zuagid
(6eT'16°0)2T'T €T'T (Te'T'e0T) 9T'T 9T'T (€T'T'€6'0) 20T 20T (0T'T '18°0) ¥6'0 960 65Tz/eS  dualAd(pa-g'z'T)ouspul
(¥2'1'26°0) 20T 90T (ET'T'00T) 90T 90T (80°'T '¥6°0) TO'T 70T (20T'v80)560 960 €9¢2/95 auaikd(e)ozusg
(0€'T'16'0) 60'T 80'T (9T'T'00'T) 80'T L0'T (TT'1'€6'0) TO'T 10T (60'T '€8'0) 56'0 960 €922/95 auaipuelonyy(g)ozusg
(82'T'26'0)80'T 80'T (FT'T'00T) 20T 90'T (0T'T '¥6'0) TO'T 10T (60'T '¥8'0) 96'0 160 €922/95 auatjuelonyy(x)ozuag
(Sv'1'v60) LT'T ITT (62T '70T) 9T'T STl (1T 'v6°0) ¥O'T v0'T (TT1'280)560 260 6STZ/ES SHVd [210}

10108} T

¥U$m:_v< +opnID *vmum:_u,q +9pnID *uwum:.:u,q £apnID *usm:_c/\ £OpnID  sjoauod
/saseD
(10 9%656) YO AoueuBaid aanuz (1D %G6) YO Ja1sswWy pag (1D %S6) HO Jarsowiil puz (1D %S56) HO 48)saul} IsT N

NIH-PA Author Manuscript

poriad Aoueubaid yoes Burinp ainsodxa SI1X0] J1e Ul asealoul abuel a|11uenbiaiul U0 Wol) 7V JO sy

NIH-PA Author Manuscript

¢ ?dlqel

NIH-PA Author Manuscript

available in PMC 2015 July 01.

Int J Hyg Environ Health. Author manuscript;



Page 15

Heck et al.

*JONUOW J1B UB JO WYZ UIYIM PBAI] UBIPIIYD PBPN|OU] "Xapul d1LUOU0IS0I20S pooyioqybiau pue ‘aoejdyuig feulsiew ‘Aied “Jeak yuig ‘Aloiuyia/aoel [eusarew 1oy paisnipe s|opoinl
*

(a1qe1ten Buiyorew) JeaA yuig 1oy isnlpe sonel sppo

+
(8e'T'0v'0) ¥L°0 1.0 (ee'T'2€°0)0L°0 0.0 (T€'1'85°0) 28°0 G8'0 (ov'T'eL0) 10T 960 0€L/52 apiwoqip ausjAya
(z21'e80)6TT 0zT (esT'26'0) 22T T (07 '58°0) 60°'T 0T'T (0eT'89°0)¥60  ¥60 1102/1S wnius|as
(€2'T'6L°0) 86°0 860 (92'1'180) 10T 00'T (6T'T '2L°0) 26°0 v6'0 (¥T'T'06°0) TO'T 00'T L1€2/65 aua]AL3R0I0IyoL L
(06'T'05°0) 26°0 80T (z2'1'59°0) 90T 17T (S€'1'05°0) 28°0 880 (29T'290) 0T 80'T Gg0zZ/6y  ®USZUB]OIO|YdIP-O0yHO
(69T ‘220 0OT'T 1T (esT'z8°0) 21T €Tl (6v'7'520) 90'T S0'T (se1'290)560 960 T252/8S apAyaplelvoy
(0LT'080) LT'T 9T'T (6v'T°280) ¥T'T vT'T (ev'1'8L°0) 90'T G0'T (ev'1'08°0) 20T 80'T 1252/85 apAyapreuod

41013} B U0 peoj Jou pIp Jeyl siueinjjod
pasnlpy 49pNID pasnlpy 49PnID JPasnlpy +oPnID pasnlpy +OPNID  sjoau0Dd
/sased
(1D 9%56) "0 AoueuBaid aanuz (1D %G6) YO Ja1sswWL pag (1D %S6) YO 491sawilil puz (1D %S56) HO 491saul] IsT N

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.



Page 16

available in PMC 2015 July 01.

Int J Hyg Environ Health. Author manuscript;

Heck et al.

(€S'T'TL0) 0T €60 (0S'T'€8°0) TT'T €0'T (ev'T'LL0) 50T 160 (SzT'2900880 280 696GT/6€ apAyapyetio
41010} B U0 peOo| Jou pIp Teyl siuein|jod

(202'20T) BV'T 6T (69'T '00'T) 0E'T ve'T (69'T 'v0'T) 2E'T 8¢'T (95T'060)8TT  ETT G8TIT/OF wiiojolojyd
(S9'T°28'0)6T'T YT (FT'T'€r’0) 0L°0 89°0 (6€'T'20T) 6T'T ITT (eT'960)VTT  CTT €LVET/SE auazZuago.o|ydIp-eled
41010e) Ev

(297 '69°0) 90T 70T (87T '120) 20T 66°0 (€5T°2L°0) 80T 0T (2§T'S90)660  ¥60 LELTTIET wniwoiyd
(e0z'zLr0) 12T eT'T (82'1'280)S0'T S0'T (88'T'08'0) €2'T ITT (£9T'€90020T 960 vvleriee 199IN
Joyoey p,e

(¥5'C '€€°0) 26'0 060 (esz'Tr0) 20T 20T (0z'z'L£0) 06°0 880 (bT'2'z€00€80 080 8£86/5¢ apLIo|yde.Ia) UogeD
(852 '99°0) TE'T v0'T (26'1'19°0) 60T §6'0 (00Z'69°0) 8T'T 20T (z0C'T2006TT €01 6992T/€2 pea
(08'T'5L°0)9T'T 90'T (9€'T'06°0) TT'T 60'T (8€'T'28'0) 90'T €0'T (Tr1'eL0020T 960 T68ST/0V ausjAyyaolo|yaiad
(rr'2'€6'0) 16T Ge'T (S8'T'1T0'T) LE'T 0g'T (89'T'98'0) 02'T V1T (TST'T200€0T 660 €8901/6¢ auajAx-eled/eloN
(€02 'v6°0) 8E'T €T (Lz1'26°0) 80T 10T (89’7 '98°0) 02'T STT (sLT'e60) 22T TTT €112T/9€ aualfis
(90'€ '€0'T) 8L'T eS'T (912 '¥0'T) 0S'T T (¥6'T '88'0) TE'T 2T (88T'€80) 52T 9TT 69€GT/6€E auanjoL
(6T'7 '68°0) ¥6'T 16T (€62 '¥0'T) GL'T IST (8z¢'vL0) 0T ST'T (T0Z'v90)€TT 00T 662.LT/TY auazuag
(L2 '88°0) 8Y'T 62T (66'T 'S6'0) 8E'T 82T (221180 02T T (TLT'8L0)STT 20T 0TEST/6E 3URIAX-0YyUO
(S8'T'65°0) SO'T ¥6'0 (85T '6L°0) CT'T 90T (¥'T '€9°0) G6°0 16'0 (6v'T'0L0020T 1670 89/¥T/9€ auazuaq |Ayi3
(60'€ ‘18°0) 8S'T SeT (ST'2'66°0) S¥'T ve'T (SLT'eroert v0'T (85T 2900660 060 962.T/TY aualpeIng-¢'1
410108} ucN

(9e'z'0L0) 82T 8T'T (T9'7'86°0) ST'T €T (9e'T'0L0) L6'0 960  (SzT'950)€80 180 GEGET/TE auajhiad(1'y'6)ozusg
(92'1'99°0) 16'0 160 (cz'1'98°0) 20'T 20T (LT'T'2900) 880 680 (9T'T'8L°0)56'0  S6°0 GESET/TE ausdeILUE(YE)ZU]IQ
(S9'T'69°0) 20T Y01 (8€'T'€6°0) ¥T'T eT'T (¥z'T'€L'0) S6°0 G6'0 (€2T'99°0)060 680 GESET/TE aualAd(po-g‘z'T)ouspul
(0v'1'8L°0) ¥0'T v0'T (617 '06°0) ¥0O'T €0'T (8T'1220) 56'0 G660  (12T'980)20T 10T G6TVT/CE auaikd(e)ozuag
(09'T'€L°0) SO'T €0'T (€2'1'280) ¥0'T €0'T (Tz'T'eL0) ¥6°0 €6'0 (GzT'9800€0T 20T G6TYT/CE auaipuelonyy(g)ozusg
(ev't'oL0) 00T 660 (Tz'1'280)€0°T 20T (61'T'2L°0) €6°0 €60 (€zT'280)T0T 00T G6TYT/CE auatjuelonyy(x)ozuag
(597 '69°0) L0'T €0'T (9'1'€6°0) ET'T AN (¥z'1'vL0) 96°0 G660  (12T'€90)880 980 GEGET/TE SHVd [e10L
10108} T

pasnipy +9pnID pasnipy +9pnIo paisnipy 49pnuD pasnipy 49PNID  §]043U0D/S35RD

N
(10 9%6G6) "O Aoueubaad aunug (1D %S6) YO 481s8WLY PAE (1D %G6) HO 181S8WIII PUZ D %G6) HO 481S8WILIY IST

pouad Aoueubaid yors Burinp ainsodxa $21X0] J1e ul asealoul abuel aj1uenbialul aU0 WO4L TNV JO MSiY
€9|qelL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 17

Heck et al.

*JONUOW J1B UB JO WXQ UIYIM PBAI] UBIPJIYD PBPN|OU] "Xapul d1LUOU0IS0I20S pooyioqybiau pue ‘aoejdyuig feulsiew ‘Aied “1eak yuig ‘Aloluyia/aoel [eusarew 1oy paisnipe s|opoinl
*

(a1qe1teA Buiyorew) JeaA yuig 1oy isnlpe sonel sppo

+

(09°T '67°0) 68°0 680 (€S°T 'v9°0) 66°0 00T (97T '99°0) 86°0 86°0 (SeT'e7°0) 9270 8.0 6812T/22 winius|es

(0Z'T'12°0) 26°0 880 (TZ'T°08°0) 86°0 76'0 (8T'T°29°0) 68°0 G8'0 (LTT°2L°0)660 160 L¥6ST/OF auajAyre0IolyILIL

(€2€'€90) eV'T 0€T (67'C '¥8°0) S¥'T 9e'T (ST'Z2'89°0) 12T 9T'T (S6'T 'S5°0) ¥O'T 66°0 6TYET/SE aUazusqoIolyd1p-0yHO

(66'T ‘¥9°0) ET'T 96°0 (802 ‘'16°0) 8E'T vZ'T (99T '29°0)S0'T 96°0 (62T 'L¥°0) 820 2L0 6965T/6€ apAysplelsoy
*nﬁwz.—u( £9pnID *uwum:.—n,q +3pnID *vﬁms.—n( £opnID *UBm:.:u,q £9pnID m_ob:ozo\mwmmo

(10 9%66) "0 Aoueubaid aunuzg (1D %S6) HO 481s8WY pAE (1D %G6) HO 191S3WIII PUZ 1D %G6) HO 481S8WI1 IST

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.



Page 18

Heck et al.

NIH-PA Author Manuscript

(9zz'960) T ST wevTT/EZ (€T 'Z90)T60 960 8T.1/8E 8U8ZUBQ0I0|YdIP-BIed
41010e) Ev
..... T220T/€T  (EST'LL0)60T  LTT 0181/8% wniwoiyd
- TLL0T/ET  (L8T'Z80)¥CT  6ET 0181/87 I3IN
1010e) u‘_m
..... 1115/9  (80'2'S20)2L0 8.0 GLLITe apliojyena) uoged
..... 8080T/.T  (OV'T'SE0)0L0 80 GEYT/BE  WNIWOIYD JudjeAexaH
..... es0T/eT  (€GCT'€80) YT 95T €08T/8Y pea
(9T'z'6L0)0ET  LTT 19evT/v  (96'T'6L0)TCT  ¥CT 9/12/1S auajAyyolo|yaed
..... vel6ivT (192',60)65T 09T €05T/2€ oua|Ax-ered/eroN
(€82'e6'0)€9T  0ST G680T/TZ  (99'T°2G°0) 260 OT'T 9v9T/9¢ aualfis
(¥6'€'€0T) 20T ¥9'T 60evT/vz  (20°2'0L°0)6TT  9€T v812/2S auanjoL
(669°26'0)T9C €61 6T€9T/Sc  (Ev'z'290)€cT  8¥'T €052/T9 auszusg
(Sv'e'20T) 88T  LST T€2vT/ve  (ELT'190)€0T  LTT G9T2/0S aualAX-o0yHo
(esz'69°0)ceT  STT 20.eT/tz (99°T',90)S0T  0TT ¥902/87 auazuag A3
(6e's'zoT)SET  OLT 91€9T/Sc  (80'E‘L6'0)ELT 16T 2052/19 ausIpeINg-€'T
10108} ncN
..... 2€55/8 TSO/VT olussIY
(6T'7'59°0)99T  0ST 6G¢TT/02  (VSZT'T80) W' T 8Y'T G9/T/2Y aua|A1ad(1'y'B)ozusg
(69TvL0)2TT 80T 652TT/0z  (L2T'89°0)€60  S60 G9/T/cy  duddelyiue(y'e)zusqIQ
(Trz'6G0)6TT  TITT 6G¢TT/02  (89°'T'TL0)60T  OT'T G9/T/cy  dualkd(pa-g'Z'T)ouspul
(62T°290060T  SO'T 8/8TT/0z  (€2°T',/90)T60 V60 €98T/SY auaiAd(e)ozuag
(86'T'65°0)80T 20T 8/8TT/0c  (Z€T'¥90) 260  ¥60 €98T/5 ausypuRION|(q)ozusg
(187'290)80T 20T 8/8TT/0z (8Z'T'S90)T60 760 €98T/G7 ausyjueIoNy(x)ozusg
(8e'z'e90) ezt  ¥TT 6G¢TT/0z  (6S'T'69°0)S0T  L0T G9/T/2Y SHVd [210}
10138} T

*_u_ﬁm:.—n,q +8PNID  sjouod *uﬁwz.—u,q +8PNID  sjonuod

/sesed N /S9seD N

ANV 1V

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Jeak 1s41) S, pJ1y2 syl Burinp ainsodxa $21x01 dIe ul asealoul abuel ajienbisiul U0 WOJY BIWSXYNI| JO MSIY

available in PMC 2015 July 01.

Int J Hyg Environ Health. Author manuscript;



Page 19

Heck et al.

*101UOW 1B UB JO W9 UIYIM BUIAI] USIPJIYO PSPNIOUL S|SPOW TIAIY 8[1IUM JONUOW JIE UE JO WXZ UIYIIM BUIAL] UBIPJIYD PapN|oul S|apow Y 8sneasq Jayip sazis a|duwes [0auoD

NIH-PA Author Manuscript

1

“X8pul 21WOU0230190S pooyloqybiau pue ‘soedyuig [eussrew ‘Aied ‘1esk yuig ‘ANo1uyis/eoes jeulsiew 1oy pasnipe s|spoinl
*

(a1qerten Buiyorew) Jeak yuig 1oy isnlpe sonel %UO+

..... EV6Y/6 0/61 apiwoq1p suajAuyiz
zreor/er  (Z€C'T0T)EST ST 8T.T/SY wniuapes
(SrT'2802TT 10T So/vTive (LWT'v6'0)8T'T  ¥T'T 0¢ze/es 3UBJALIR0I0IYOL L
(095 'vv0) 26T 12T gyviT/ec  (0T'C'LZ0)SL0 0T 02LT/8€  8USZUYOIOIYIIP-OULO
(zzz'890)9eT  OTT 06/vT/zz  (08'T'TLO)ETT  2TT L1€2/0G apAyapreleay
(se'z'96'0)0ST 82T 06/vT/zz  (S9'T'2L0)60T 10T LT€2/0S apAyapyeio
10]9®} B UO peO| 10U pIp Jeyl siuein|jod
(lrz'zgo)eeT 02T evosT/ve  (Or'T'69°0)860  SO'T 0L22IvS wi040101yd
*voum:.—vq\ +8PNID  jsjonuod *umum3.€< 48PNID  jsjoauod
/sesed N /s8seD N
ANV v

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Hyg Environ Health. Author manuscript; available in PMC 2015 July 01.



