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Wednesday August 28, 9:00 AM – 10:00 AM
Keynote Lectures
Creating seamless breathing spaces: air pollution in India
Balakrishnan K1
1

Sri Ramachandra Institute For Higher Education and Research (Deemed University)

Keynote Lectures Wednesday, Beatrix theater, August 28, 2019, 9:00 AM - 10:00 AM
India bears some of the highest burdens of disease attributable to ambient and household air pollution,
with both rural and urban populations experiencing wide-spread health damaging exposures. The evidence
required for inter-sectoral solutions is strong and is reflected in on-going regulatory actions. There is,
however, a need to create seamless breathing spaces that straddles across all exposure micro-environments
to both diminish the health burden and the associated disparities among population sub-groups. Recent
policies aimed at jointly addressing rural energy, water, sanitation, housing and transportation hold the
promise of bringing transformative co-benefits for Airs, Waters and Places for millions in India. Sustained
global translational research collaborations will be pivotal for the success of such initiatives.
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Mind over matter: air pollution and the brain
Weisskopf M1
1

Harvard Th Chan School Of Public Health

Keynote Lectures Wednesday, Beatrix theater, August 28, 2019, 9:00 AM - 10:00 AM
Following decades of research into respiratory and cardiovascular effects of air pollution, the past decade
has seen exploding interest in the effects of air pollution on the brain. Epidemiological evidence has been
growing for effects on outcomes across the lifespan such as neurodevelopment, mental health, and
cognitive aging, and experimental evidence has demonstrated biological effects of air pollutants on the
brain. Understanding how these effects interact with the biology of the brain can help us better understand
the nature of the relation between air pollutants and neuropsychological function and help inform the
epidemiological study of these relations.
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Wednesday August 28, 10:30 AM – 12: 00 PM
S12: Estimating the Global Risk and Burden of Particulate Air Pollution
Exposure: Issues and Challenges
Application of the IER to the estimation of the global burden: history and evolution
Stanaway J1
1

Institute for Health Metrics and Evaluation, University Of Washington

.S12: Estimating the Global Risk and Burden of Particulate Air Pollution Exposure: Issues and Challenges,
Beatrix theater, August 28, 2019, 10:30 - 12:00
In estimating relative risks for all observed levels of particulate matter exposure, scientists working on the
Global Burden of Disease (GBD) 2010 Study were challenged by the limited available epidemiological data.
Their solution was to develop Integrated Exposure Response (IER) curves that allowed them to draw
evidence from multiple sources of particulate matter (PM2.5), including ambient, household, second hand
smoke, and active smoking. While working through numerous scientific and technical challenges, this
approach has been refined and updated with more recent data for each subsequent iteration of the GBD
study.
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The IER assumptions revisited: can exposures to PM from different sources really be
integrated?
Pope C1
1

Brigham Young University

.S12: Estimating the Global Risk and Burden of Particulate Air Pollution Exposure: Issues and Challenges,
Beatrix theater, August 28, 2019, 10:30 - 12:00
There is substantial evidence that long-term exposures to combustion-related fine particles (PM2.5) from
various sources contribute to cardiorespiratory morbidity and mortality. Exposures to PM2.5 include
ambient air pollution from multiple outdoor combustion sources, indoor air pollution from burning of fuels
for cooking or space heating, second hand cigarette smoke, and active smoking. An integrated exposureresponse (IER) approach, that integrates evidence from the various sources of exposure, has been used to
explore the shape of exposure-risk relationships, and to develop risk functions to estimate burden of
disease attributable to PM2.5 across a wide range of exposures. The IER approach, however, is limited by
key implicit assumptions including: a) equivalent toxicity or adverse effects regardless of source or chemical
composition; b) excess risk from one source of PM2.5 is independent of exposure from another source;
and c) exposures from all sources can be accurately scaled and converted into a common exposure or dose
metric. To some degree the validity of these assumptions can be evaluated with emerging evidence.
Furthermore, the IER approach continues to provide a framework to evaluate plausibility, consistency, and
coherency of evidence. However, more air pollution studies in areas of low and high ranges of pollution and
improved meta-analytic methods increasingly allow adequate flexible estimation of exposure-response
relationship using only studies of ambient air pollution.

20

Household air pollution and the integrated exposure-response function for the global
burden of disease estimates: have we filled the gap?
Peel J1
1

Colorado State University

.S12: Estimating the Global Risk and Burden of Particulate Air Pollution Exposure: Issues and Challenges,
Beatrix theater, August 28, 2019, 10:30 - 12:00
Nearly 3 billion people worldwide, primarily in low- and middle-income countries, continue to burn solid
fuels (e.g., wood, charcoal, animal dung, crop waste) for cooking and heating needs. The resulting
household air pollution includes pollutants such as particulate matter and carbon monoxide and contributes
to both indoor and ambient pollution. The integrated exposure-response function for the global burden of
disease estimates was originally developed to fill a gap in the evidence on the adverse health effects of
exposure to fine particulate matter (PM2.5) in the range of concentrations where exposure to household air
pollution often exists – lower than active smoking and higher than ambient air pollution. At the time, limited
evidence on health effects existed specifically from studies of household air pollution. Since its initial use in
the global burden of disease estimates, the integrated exposure-response function has evolved, as has the
evidence on the adverse effects of household air pollution. The current state of the evidence for household
air pollution will be discussed. Further, the question of whether a single risk function for PM2.5, based on
either the integrated exposure-response concept or based on ambient air pollution estimates, should be
used to quantify the effects of both ambient and household air pollution will be explored.
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Why are air pollution mortality relative risks so large? A critical perspective
Chen Z1
1

University Of Oxford

.S12: Estimating the Global Risk and Burden of Particulate Air Pollution Exposure: Issues and Challenges,
Beatrix theater, August 28, 2019, 10:30 - 12:00
Appropriate control or elimination of biases and confounding is essential for reliable assessment of the
small or moderate effect of any particular risk factors on health. Previous cohort studies of ambient air
pollution have reported relative risks in the region of 1.1-1.2 per 10 µg/m³ PM2.5 for overall mortality. Most
of these studies were conducted in North America and Europe where ambient PM2.5 levels have been
typically <20 µg/m³ in the past few decades. In these populations, the prolonged use of tobacco since early
adulthood, based on well-validated personal exposure data, was associated with doubling overall mortality.
However, tobacco smoking is more toxic and produces far higher PM2.5 concentrations (in mg/m³)
compared with ambient air pollution. This seems to suggest a diminution of the marginal increment of
relative risk as PM2.5 increases, which forms the basis of the Integrated Exposure Response function.
Moreover, in many developing countries such as China where the widespread use of cigarette has only
began in recent decades, in parallel with rapid deterioration in ambient air quality, making it even more
difficult to reliably assess the real effects of air pollution. This presentation aims to discuss the challenges
faced in conventional epidemiology and explore how the assessment of the health effect of air pollution
might move forward, capitalising some of the large cohort studies in diverse populations.
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What we Know Now That We Did Not Know Then and the Way Forward for Burden
Estimation
Burnett R1
1

Health Canada

.S12: Estimating the Global Risk and Burden of Particulate Air Pollution Exposure: Issues and Challenges,
Beatrix theater, August 28, 2019, 10:30 - 12:00
Symposium #76: Estimating the Global Risk and Burden of Particulate Air Pollution Exposure: Issues and
Challenges
What we Know Now That We Did Not Know Then and the Way Forward for Burden Estimation.
Richard T. Burnett, Ph.D. Population Studies Division, Health Canada
Interest in estimation the global burden of disease from exposure to outdoor concentrations of fine
particulate matter has evolved from simplistic risk models based on a few studies to a complex integration
of multiple independent particulate sources based on nearly one hundred studies. These models can now
be used to estimate burden from not only outdoor air pollution sources covering the global range, but to
other particulate sources including second hand smoke and household pollution from heating and cooking.
The Integrated Exposure-Response (IER) model has now been extensively used to examine strategies to
improve air quality throughout the world. But what is its future? Can the IER assumptions of equal toxicity
among sources, independence of dosing rate, and exposure equivalence based on total inhaled dose even
be clearly tested? Can it be replaced by simpler models requiring fewer assumptions? These issues will be
explored in light of new information collected over the past decade.
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S15: Interaction between environmental chemicals and toxicants and
the human microbiome
The effect of toxic metals in drinking water on the human microbiome
Karagas M1, McRichie S2, Hoen A1, Morrison H3, Laue H1, Madan J1, Moroishi Y1, Sumner S2, Pathmasiri W2
1

Dartmouth College, 2University of North Carolina, 3Marine Biological Laboratory

.S15: Interaction between environmental chemicals and toxicants and the human microbiome, Room 217,
Floor 2, August 28, 2019, 10:30 - 12:00
In utero and early life exposure to inorganic arsenic occurs primarily through drinking water and food and is
associated with altered immune response, including infant’s risk of infections. In animal studies, and in our
own cohort study of infants, greater exposure to arsenic during infancy associated with differences in the
gut microbiome composition and the relative abundance of individual microbial taxa. However, the
functional significance of these changes is not well understood but is critical for determining the direct
impacts of microbial gene products on host immunity and metabolism. Therefore, in addition to taxonomic
profiling and metagenomic analyses, we analyzed infant stool samples using 1H NMR on a Bruker Avance III
700 MHz NMR Spectrometer and concentration-fit 36 known microbial metabolites using Chenomix. We
examined the relation between these metabolites and both in utero and 6-week log 2 urinary arsenic
concentrations in linear regression models, adjusted for infant sex, age, type of delivery (vaginal vs. Csection), feeding mode (breast milk vs. any formula) and specific gravity. In our preliminary analyses, higher
6-week urinary arsenic concentrations were associated with increases in butyrate, propionate, asparagine,
malonate, leucine, cholate, and tryptophan (p<0.05). Metabolomic analyses of infant stool samples provide
further support to our initial findings that suggests that the infant gut microbiome is sensitive to arsenic
exposure and may influence early immune system development.
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Environmental Exposure and the Airway Microbiome
Carlsten C1
1

University of British Columbia

.S15: Interaction between environmental chemicals and toxicants and the human microbiome, Room 217,
Floor 2, August 28, 2019, 10:30 - 12:00
The influence of the microbiome on human health is a rapidly emerging area of investigation.
This talk will cover both epidemiology and experimental study to highlight the latest evidence regarding
how inhaled exposures affect human airways.
The evidence will be divided into three sections, addressing:
a) How inhalants may change the airway microbiome, directly or indirectly, by: i) acting as vectors for
microbiome; ii) changing preexisting airway microbiome, whether by changing immunity or through other
mechanisms
b) How existing airway microbiome modifies response to environment
c) How inhalants may affect the airways through the gut-lung axis
Key inhalants of concern will include traffic-related air pollution, cigarette smoke and e-cigarette vapour.
Future research directions, including potential for intervention and remediation, will be discussed.
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Infants under double attack. The role of toxicants, and the gut microbiome, and their
potential interactions, in development of overweight in children
Eggesboe M1
1

Norwegian Institute of Public Health

.S15: Interaction between environmental chemicals and toxicants and the human microbiome, Room 217,
Floor 2, August 28, 2019, 10:30 - 12:00
Background: Some obesity trajectories are set very early in life, and there is observational and experimental
evidence that both toxicants and infant gut microbiome may influence later weight.
Methods: We have utilized two cohorts; 1) the NoMIC cohort of 550 infants with information on gut
microbiome composition and function and 2) the HUMIS cohort of 2600 mother-child pairs with information
on early exposure to a large number of persistent environmental toxicants through breastmilk. In a subset
of mothers, we have information on both the microbiome and toxicants. A pharmacokinetic model was
used to estimate prenatal and postnatal exposure to toxicants based on measured concentrations in milk.
Results: In published papers we have reported that several persistent toxicants are associated with rapid
growth, and/or later childhood obesity. However, toxicants differ by the time window wherein they have an
effect, the direction of their effects, as well as whether there are sex differences. For instance, prenatal, but
not postnatal, exposure to DDE was associated with rapid infant growth. In contrast, PCBs were associated
with decreased weight development, both prenatally and postnatally. Perinatal exposure to dioxin-like
toxicants increased the risk of obesity in girls only.
Furthermore, both overall composition of the gut microbiome as well as the presence of specific strains
have been strongly associated with growth and obesity in our cohort and a critical early window is
indicated.
Finally, a two-way interaction between toxicants and the gut microbiome exists, where the gut microbiome
may influence the fate of toxicants through several mechanisms, while less is known regarding the influence
of toxicants on the microbiome. We show that several persistent toxicants, especially PFOA, may affect both
diversity and functioning of the microbiome.
Conclusion: The gut microbiome and environmental toxicants may separately, and through interacting, play
a role in the worldwide obesity epidemic.
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Cigarette smoking and microbiome composition; lessons from both epidemiology and
experimental models
Krauss-Etschmann S1, Pfeiffer S, Herzmann C, Gaede K, Kovacevic D, Schloter M
1

Research Center Borstel, Leibniz Lung Center, 2Technical University Munich, 3Research Center Borstel, Leibniz Lung
Center, 4Research Center Borstel, Leibniz Lung Center, 5Research Center Borstel, Leibniz Lung Center, 6Helmholtz Center
Munich

.S15: Interaction between environmental chemicals and toxicants and the human microbiome, Room 217,
Floor 2, August 28, 2019, 10:30 - 12:00
Lung resident bacteria reside in close proximity to the apical side of the airway lining cells, thus forming an
intimate interface between cellular regulators of tissue homeostasis and the external environment. The lung
microbiota has therefore been suggested to function as gate-keeper for pulmonary health. However,
information on the structure and functionality of the human lung microbiota in healthy individuals is limited
and it is even less clear how it responds to environmental challenges. We therefore investigated bacterial
dynamics in the respiratory tract of healthy individuals as well as in mice in response to cigarette smoke.
Within a small monocentric, prospective, controlled study (NCT03562442) the bacterial communities of the
upper (nose and oropharynx) and lower respiratory tract (bronchoalveolar lavage) were examined in
healthy, current or ex-smokers and never-smokers. Samples were analysed with Illumina MiSeq 16S rRNA
gene amplicon sequencing.
A microbial community structure dominated by Prevotella, Streptococcus, Veillonella and Actinomyces was
found consistently in nasal and oropharyngeal swabs and lavage samples. Further, distinct genera and
species of Proteobacteria were mainly found in BAL.
In smokers, the oropharyngeal microbiota showed significantly more anaerobic Actinobacteria, as compared
to aerobic β-proteobacteria and Fusobacteria. Nasal communities changed with smoking intensity, revealing
a higher abundance of Staphylococcus epidermidis in heavy smokers. Although the current smoking status
did not influence bronchoalveolar lavage microbial community significantly, changes associated with intense
long-term smoking were visible. In particular, the abundance of β- and γ-proteobacteria in bronchoalveolar
lavage, e.g. the opportunistic pathogens Stenotrophomonas maltophilia and Serratia marescens, increased
while the abundance of Prevotella sp., that has been associated with lung health, decreased. Moreover,
these changes persisted partly in ex-smokers.
Thus, long-term smoking changes the pulmonary microbiome, leading to an increase of opportunistic
pathogens that are known for their resistance to several antibiotics and for causing pneumonia in
immunosuppressed patients.
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Antibacterial chemicals and changes in the oral microbiome
Bertelsen R1, Vindenes H2, Peddada S3, Ringel-Kulka T4, Gomez Real F1, Svanes C2
1

University of Bergen, 2Haukeland University Hospital, 3University of Pittsburgh, 4University of North Carolina

.S15: Interaction between environmental chemicals and toxicants and the human microbiome, Room 217,
Floor 2, August 28, 2019, 10:30 - 12:00
Background/Aim: Many chemicals are applied in cosmetics, pharmaceuticals and food, to prevent growth of
bacteria and fungi. Little is known about how these chemicals interact with the human microbiome. We
aimed to describe the exposure levels to antibacterial chemicals and the association with oral microbiome
in a Norwegian cohort.
Methods: Urine and interview data were collected from 496 adults (48% females, median age: 28 years) in
the RHINESSA study in Bergen. Of these, 288 had gingival (oral) microbiome data (Illumina MiSeq 16S rRNA
sequencing) with taxonomy assigned by the Human Oral Microbiome Database. Urine biomarkers of
triclosan, triclocarban, parabens and benzophenone-3 were quantified by mass spectrometry. Differential
bacterial abundance by urine biomarkers of chemical exposure (in quartiles) were evaluated by the Analysis
of Composition of Microbiomes (ANCOM) methodology with 5% FDR.
Results: Urinary biomarker detection varied from 5% (triclocarban) to 95% for propyl (PPB) and methyl
(MPB) parabens. The concentration of parabens, MPB in particular, corresponded with reported frequency
of use of many cosmetic products; highest levels for those reporting daily use of leave-on products like
deodorant and lotions. Women had x50 higher urine concentrations of MPB than men, corresponding to a
higher use of cosmetic products. The relative abundance of Proteobacteria, such as Enterobacter spp. and
Ottowia spp. increased with increasing exposure to parabens. However, the relative abundance of
Enterobacter spp. decreased in a dose-response level with increasing benzophenone-3 exposure.
Methylparaben exposure was associated with increased relative abundance of Fretibacterium spp (Phyla
Synergistetes) and Johnsonella spp (Phyla Firmicutes). No association was seen for triclosan and
triclocarban.
Conclusions: This is the first study to report cosmetic chemicals to be associated with differential abundance
of gingiva bacteria. Given the ubiquitous human exposure to antibacterial chemicals, the clinical relevance
needs to be explored further.
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S19: Climate Change and Child Health: Current Research, Future
Opportunities, and Gaps in Knowledge
Benefits and Co-benefits to Children’s Health of Mitigating Climate Change
Perera F1
1

Columbia University

.S19: Climate Change and Child Health: Current Research, Future Opportunities, and Gaps in Knowledge,
Room 417, Floor 4, August 28, 2019, 10:30 - 12:00
Fossil fuel combustion by-products are affecting children’s health and future and contributing to growing
inequality. The emissions include toxic air pollutants such as particulate matter (PM2.5, PM10), polycyclic
aromatic hydrocarbons (PAH), and nitrogen dioxide (NO2) -- as well as carbon dioxide (CO2), the major
human-produced greenhouse gas. The developing fetus and young child are disproportionately affected
because of their immature defense mechanisms and rapid development, especially those in low income
populations where poverty and lack of resources compound the effects. Impacts include impairment of
cognitive and behavioral development, respiratory illness, and other chronic diseases—all of which may be
“seeded“ in utero and affect health and functioning immediately and over the life course. Synergies
between air pollution and climate change magnify the harm to children. Policies to mitigate climate change
by reducing fossil fuel emissions have had sizeable estimated health and economic co-benefits. However, in
most such assessments only a few adverse outcomes in children have been considered, resulting in an
undercounting of the benefits to this vulnerable population. Expansion of programs to assess health and
economic impacts of mitigation policies, such as the US Environmental Protection Agency BenMAP, to
include preterm birth (PTB), low birthweight (LBW), autism, attention deficit hyperactivity disorder (ADHD),
IQ reduction, and the development of childhood asthma, will provide a fuller picture of the co-benefits of
climate change mitigation. Endpoints having a “causal or likely” relationship (PTB, LBW, autism, asthma
development) with the pollutants can be incorporated into primary analyses; endpoints having a
“suggestive” causal relationship with the pollutants (IQ reduction, ADHD) can be included in secondary
analyses. A case study of the Regional Greenhouse Gas Initiative in the Northeastern US will illustrate the
potential of such expanded assessments of the benefits of climate mitigation policies to inform and
incentivize further policies to address climate change.
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Climate change is altering weather patterns worldwide, including changes in the frequency and intensity of
heatwaves, flooding, and other extreme weather and climate events. Projected health risks of climate
change result from the interaction of changing hazards with the extent of exposure to these hazards, the
vulnerability of exposed populations, and the capacity of families, communities, and health systems to
prepare for and manage the consequences of exposures. Overall, children are the most vulnerable
population; major health risks include projected increases in undernutrition, diarrheal diseases, exposure to
vectorborne diseases such as malaria and dengue, and exposure to extreme events. This means that
protecting and promoting child health should be central to adaptation and mitigation efforts.
Internationally, ministries and departments of health are undertaking vulnerability, capacity, and adaptation
assessments, and developing health adaptation plans. These processes identify the risks to children and the
opportunities to address their particular needs, within the context of reducing inequities and increasing
resilience. Four main categories of adaptation options are building the knowledge and capacity of the
health workforce; modifying health information systems to effectively manage the health risks of climate
change; ensuring effective delivery of health services, including promoting climate resilience; and providing
adequate financing to support climate change and health activities. In addition, it is valuable to estimate the
health co-benefits for children of policies and programs to reduce greenhouse gas emissions.
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Background: Prior research on health effects from pollen has been limited in the range of pollens studied,
the geographic scope, few health outcomes, and no accounting for air pollution and influenza-like illness
(ILI).
Objectives: We aim to broaden the characterization of the relationship between acute pollen exposure and
several associated health outcomes in the pediatric population for a wide range of allergenic pollens
prevalent in the continental US, controlling for air pollution and ILI.
Methods: We obtained daily pollen data for tree, grass and weed from 29 monitors in the National Allergy
Bureau (NAB) for 2008-2015. We linked daily pollen data with city-specific daily air pollution and
meteorological data, and weekly data on ILI prevalence to control for any respiratory health impacts that
these other variables may have. Daily counts of age-specific health outcomes data (allergy medication
refills, ambulatory care visits, and emergency department visits for asthma and allergic rhinitis) were
extracted from the Truven Research Database and linked with the exposure data by MSA/day. We stratified
in-season pollen exposure levels across low to high categories, and conducted a conditional quasi-Poisson
regression analysis assessing how specified health outcomes varied across days with different levels of
pollen exposure, controlling for over-dispersion.
Results: We observed positive associations between all pollen groups and health outcomes, with the
strongest associations between high tree pollen counts and medication refills. Health effects across all
outcomes were stronger for the pediatric population compared to adults. We did not find any systematic
impact of variables representing local air pollution, meteorology and ILI on the association between pollen
and health outcomes.
Discussion: Our results extend the catalogue of associations between aeroallergens and several indicators of
acute health outcomes. Some of the information may be used to inform vulnerable individuals in time to
reduce the burden of respiratory disease.
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Children are especially vulnerable to increases in temperature due to their unique physiology, metabolism,
behavior, lack of self-sufficiency, and long life-expectancy. Emerging work suggests that the morbidity
burden from high ambient temperature is greater than previously conceptualized, with myriad long-known
and emerging associations. Examples of outcomes associated with high indoor or outdoor temperatures
include both acute effects such as reduced standardized test performance and increased emergency
department visits for injury and potentially chronic effects such as renal insufficiency. Further, disparate
exposures such as the lower prevalence of air-conditioned schools in communities of color and low income
in the United States and high rates of adolescent agricultural employment in low to middle income
countries make these impacts an issue of environmental justice. While place-based interventions, such as
cool/green roofs, built-environment adaptations, and sustainable urban infrastructure, have been shown to
reduce ambient temperature during heatwaves and in urban heat islands, a need to evaluate these
interventions’ impact on heat-related morbidity remains. Examples such as Magzamen et al.'s “Framework
on Green Schools” and other reviews will illustrate new approaches for the environmental health
community to conduct translational research, including the quantification of the economic burden of heatrelated morbidity on children in order to assist broad stakeholders in prioritization of ambient temperature
interventions.
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Background
Although blood pressure decreases in response to high ambient temperature, little is known whether the
ambient temperature can induce clinical hypotension events. Therefore, we conducted a time-series
analysis to evaluate the association between hypotension hospital visits and ambient temperature in seven
metropolitan cities of Korea.
Methods
We used the National Health Insurance Database, which contains the complete hospital visit data of entire
Korean population. We collected hospital visit data of seven metropolitan cities and linked the number of
daily hypotension hospital visits to city-level ambient temperature, relative humidity, and air pollution levels
from 2011 to 2015. Time-series analysis using the Poisson generalized additive model was conducted for
each metropolitan city and we meta-analyzed the time-series results using the random effect model.
Results
There was a total of 132,097 hospital visits for hypotension during our study period. A 1 degree Celsius (°C)
increase in ambient temperature was associated with 1.1% increase in hospital visits for hypotension on lag
day 0. Effects of ambient temperature lasted for 7 days, showing greater effects in shorter lag days.
Subgroup analysis by sex and income groups showed similar results, but effects of ambient temperature on
hypotension hospital visits was higher in the younger age group compared to older age group (aged over 65
years old). The results were unchanged when we applied cumulative lags, different case definitions, degrees
of freedom per year, and multi-pollutant model adjusting for air pollutants.
Conclusions
Hospital visits for hypotension were positively associated with ambient temperature. Increased hypotension
events in response to increased ambient temperature might explain the high cardiovascular mortality on
hot days.
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Background: Future climate change poses a significant health threat and in particular for the Mediterranean
where projected increase in heat waves are projected to increase in frequency and intensity. The aim of the
study is to estimate the heat wave attributable deaths in 21 Italian cities for the periods 2021-2050 and
2051-2080 considering two RCP scenarios. Heat waves (HW) were defined as 3 or more days with maximum
temperature above the 90th percentile during the summer season (June-August).
Methods: The optimized configuration of the COSMO-CLM model developed by CMCC over Italy with a
spatial resolution of 8km was used to estimate the variation in the number of HW days in the two future
periods compared to 1981-2010. Two scenarios were considered: RCP4.5 (medium range scenario) and
RCP8.5 (business as usual). We estimated city-specific attributable deaths on HW days compared to non-HW
days using Poisson regression models. We calculated variations in the impact of HW on mortality by
multiplying the change in HW days predicted for each scenario and period to the number of heat
attributable deaths. We also considered a demographic scenario (ageing of the population) and an
adaptation scenario (reduction due to heat prevention plans).
Results: For 2021-2050 an extra 5.5 to 8.4 HW days/year were projected, while for 2051-2080 number rose
even more, with an average of +10 to +18 HWdays/year. By 2021-2050 an average annual increase in HW
attributable deaths of about 140% (880 deaths/year) for both RCP scenarios, taking into account population
aging. While for 2051-2080 the impact is greater and differs by scenario; with 1230(+190%) and 1855(290%)
annual HW attributable deaths respectively 1230-709/ for RCP4.5 and RCP8.5. Taking into account the
adaptation scenario the impact is reduced by around 50%.
Conclusion: Adaptation measures need to be strengthened to contrast the mortality burden of climate
change.

34

Newborn telomere length and fetal exposure to high and low ambient temperature: a
birth cohort study
Martens D1, Plusquin M1, Cox B1, Nawrot T1,2
1

Centre for Environmental Sciences, Hasselt University, 2Department of Public Health & Primary Care, Leuven University

OPS 12: Morbidity effects of high and low temperatures, Room 315, Floor 3, August 28, 2019, 10:30 - 12:00
Background: Although studies have provided estimates of premature mortality to either heat or cold in
adult populations, and fetal exposure to ambient temperature may associate with life expectancy, the
effects of temperature on aging in early life have not yet been studied. Telomere length (TL) is a marker of
biological aging and a short TL at birth may predict lifespan and disease susceptibility later in life. We
studied to what extent prenatal ambient temperature exposure is associated with newborn TL.
Methods: In the ENVIRONAGE birth cohort, Flanders, Belgium, we measured cord blood and placental TL in
1,103 mother-newborn pairs (singletons with ≥36 weeks of gestation) using a qPCR method. We associated
newborn TL with average weekly exposure to ambient temperature using distributed lag non-linear models
(DLNMs), while controlling for potential confounders. Double-threshold DLNMs were used to estimate cold
and heat thresholds and the linear associations between temperature and TL below the cold threshold and
above the heat threshold.
Results: Prenatal temperature exposure above the heat threshold (19.5°C) was associated with shorter cord
blood TL. The strongest effect of a 1°C increase in temperature was observed at week 36 of gestation and
resulted in a 3.29% (95%CI; -4.67 to -1.88%) shorter cord blood TL. Consistently, prenatal temperature
exposure below the cold threshold (5.0°C) was associated with longer cord blood TL. The strongest effect of
a 1°C decrease in temperature was observed at week 10 of gestation with 0.72% (95%CI; 0.46 to 0.97%)
longer cord blood TL.
Discussion: Our study advances our understanding of transgenerational effects of prenatal temperature
exposure on newborns molecular potency for longevity and disease susceptibility later in life. Future climate
scenarios might jeopardize the potential molecular longevity of future generations from birth onward.
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Background/Aim:
Majority of the literature had investigated association of hospital admissions (HA) due to diarrheal diseases
with weather, but few studies has been conducted for diarrheal deaths. To project future excess deaths of
diarrhea with climate change, previous studies had utilized HA risk coefficients as proxy to diarrheal deaths.
This study aimed to compare the associations of diarrheal mortality and HA with temperature and rainfall.
Methods:
We collected daily HA from a referral hospital of National Capital Region (NCR) of the Philippines from 2006
to 2012, with ICD 10 codes A00-A09. HA with dehydration (HAD) were created as a separate outcome. For
comparison, we collected daily deaths from NCR with similar timeframe and ICD 10 codes. As exposures,
daily mean temperature and rainfall from 3 NCR weather stations were collected. Time-series quasi-Poisson
regression, with distributed lag non-linear models were used to determine exposure-response associations
for HA, HAD and deaths separately, using nonlinear and threshold models.
Results:
Overall associations for temperature showed a j-shaped curve for deaths, while both HA and HAD had a flat
curve. Temperature threshold was higher for deaths at 28°C versus 26°C for HA and HAD. The ratio of RRs
(RRR) per 1°C increase in temperature were: 0.14 (95%CI: 0.04-0.56) for HA versus deaths, and 0.17 (95%CI:
0.04-0.74) for HAD versus deaths (all had <1.00 RRR and 95%CIs). For rainfall, associations with deaths
showed a steeper curve than HA and HAD. The RRRs per 10mm increase were: 0.41 (95%CI: 0.03-5.86) for
HA vs deaths, and 0.52 (95%CI: 0.03-9.72) for HAD vs deaths (all had <1.00 RRR but with wide 95%CIs).
Conclusion:
Projecting diarrheal mortality using risk functions derived from HA might possibly underestimate the impact
of climate change. Nonetheless, our findings should be confirmed in other settings with a larger coverage.
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Background: Ambient temperature changes may affect the development of stroke, but the evidences are
still conflicting. To examine the association between ambient temperature changes and the development of
stroke we conducted a time stratified case-crossover study in Taiwan between 2001 and 2011.
Methods: We identified adults aged larger than 21 years with emergency admissions to hospital of stroke
(ICD 9 codes: 430-438). We performed conditional logistic regression with a distributed lag non-linear
models (DLNMs) to simultaneously investigate the exposure-response relationships and the lag-response
association and ambient temperature on the day of hospitalization versus 3-4 reference days during the
same month for each case. The results for lag-response association in cold (<23℃) and hot (≧23℃) weather
were presented as odds ratios (ORs) with their 95% confidence intervals (CI) corresponding to either 1℃
decrease or 1℃ increase, respectively.
Results: We identified 333,837 emergency admissions to hospital of stroke during the study period. In
DLNMs adjusted for possible confounding factors, such as PM2.5, relative humidity, NDVI, with natural cubic
B-spline of temperature with 6 degrees of freedom, the risk of stroke was increased with a 1℃increased of
ambient temperature (ORs =1.006; 95% CI: 1.004–1.008) in hot weather. As for the lag-response relations in
cold and hot weather at lag day1, the ORs of stroke increased gradually between 28-31℃ and increased
dramatically at exposure to ambient temperature greater than31℃. Similar trend was also found in cold
weather. The ORs of stroke increased significantly with 1℃decrease between 10-15℃and increased sharply
at temperature lower than 10℃.
Conclusions: Our finding suggests that people exposure to ambient temperature over 30℃ or below 10 ℃
may increase the risk of stroke with a non-linear exposure-response pattern.
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BACKGROUND / AIMS
While injury risks during tropical cyclones (TCs) have been well characterized through traditional
surveillance, little is known about TCs’ non-injury morbidity impacts. The elderly might be at particularly
high risks of such impacts given heightened prevalence of chronic diseases.
METHODS
We used Medicare claims for 1999–2010 in 180 eastern United States (US) counties to investigate how
emergency cardiorespiratory hospital admissions changed during TC exposures. As a primary exposure
metric, we classified counties as exposed to TCs when storm-associated maximum sustained winds were ≥
21 m/s at the county center. We also explored several secondary exposure metrics including using other
wind thresholds or storm hazards (rain, floods, tornadoes). For each combination of exposure metric and
disease outcome, we estimated how hospitalization risks evolved from two days before to seven days after
the storm’s closest approach to the county using distributed lag generalized linear mixed models.
RESULTS
For 1999–2010, 74 TCs passed within 250 kilometers of eastern counties, and 175 study counties had at
least one storm exposure. Cardiovascular hospitalizations decreased on the day of storm’s closest approach,
followed by a significant increase on following days. Respiratory hospitalizations increased immediately and
were even higher on the two days following the storm. From two days before to seven days after the storm,
cardiovascular hospitalizations increased 3% (95% confidence interval [CI]: 2, 5%) and respiratory
hospitalizations increased 16% (CI: 13, 20%) compared to matched unexposed periods. Risks varied across
storm exposures, with evidence that risks were higher during more severe wind exposures.
CONCLUSIONS
These findings add two important insights on TCs’ health impacts among the elderly: first, emergency
hospital admissions due to non-injury morbidity (cardiovascular and respiratory diseases) increase
significantly during TC exposures; and second, intense wind exposures may be particularly important in
identifying TC exposures with high-risk for these outcomes.
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Background/Aims
Low birth weight (LBW; <2500g) and premature birth (<37 weeks) are major determinants of illnesses later
in life. Diethylstilbestrol (DES), an endocrine disrupting chemical (EDC), is a synthetic, nonsteroidal estrogen.
It was administered to nearly two million pregnant women in the US alone through the early 1970s, under
the mistaken belief that it would prevent pregnancy complications and miscarriages. Though several studies
recently have linked prenatal exposure to other EDCs and risks of LBW and premature birth, no threegeneration studies examine the association between grandmaternal exposure to endocrine disruptors in
pregnancy and risks of these outcomes in grandchildren.
Methods
We analyzed data from Nurses’ Health Study (NHS) II participants (born 1946-1964). In 1993, nurses (F1)
were asked whether their mother (F0) used DES during her pregnancy with them. Nurses’ children’s (F2)
birth weight was queried in 2001. In the present study, we defined LBW as <5.5 pounds. Data were analyzed
using cluster-weighted generalized estimating equations with a logit link.
Results
Among 47,321 F0 grandmother-F1 mother pairs the prevalence of F0 use of DES during pregnancy was
1.85%. Of 106,631 F2 children, 3,808 (3.57%) were categorized as LBW and 6892 (6.48%) premature.
Grandmaternal use of DES during pregnancy was associated with an increased risk of LBW (adjusted odds
ratio [aOR]=1.60; 95% CI: 1.23-2.08) and prematurity (aOR=2.67; 95% CI: 2.21-3.21) among grandchildren
even after accounting for potential mediating factors, such as F1 mother’s birth weight. The LBW
association attenuated after adjusting for gestational age.
Conclusion
Maternal prenatal exposure to DES is associated with an increased risk of premature birth and LBW even
after adjusting for gestational age. This suggests a relation with both premature birth and intrauterine
growth.
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Background: Preterm birth is a global public health issue and rates in Puerto Rico are consistently among the
highest in the US. The causes of elevated preterm birth rates on the island are unknown, although elevated
exposures to environmental contaminants are suspected. Methods: In a preliminary analysis from the
Puerto Rico Testsite for Exploring Contamination Threats (PROTECT) cohort (n=1090), we investigated the
association between urinary phthalate metabolites measured at three study visits (targeted at 20, 24, and
28 weeks of gestation) in association with preterm birth. We additionally assessed differences in
associations by study visit and among spontaneous preterm births specifically. Results: Urinary
concentrations of di-n-butyl phthalate (DBP) and di-isobutyl phthalate (DiBP) metabolites were higher
among pregnant women in Puerto Rico compared to women in the general US population. Interquartile
range (IQR) increases in pregnancy-averages of urinary metabolites of DBP and DiBP were associated with
increased odd ratios (OR) of preterm birth in adjusted logistic regression models. As examples, an IQR
increase in mono-n-butyl phthalate (MBP) was associated with an OR of 1.42 (95% confidence interval [CI]:
1.07, 1.88), and an IQR increase in mono-iso-butyl phthalate (MiBP) was associated with an OR of 1.32 (95%
CI: 1.02, 1.71). Associations were greatest in magnitude for urinary concentrations measured at the second
study visit (median 24 weeks gestation). DiBP metabolite associations were greatest in magnitude in models
of spontaneous preterm births specifically. For example, an IQR increase in pregnancy average MiBP was
associated with an OR of 1.46 (95% CI: 1.07, 1.99) for spontaneous preterm birth. No associations with
other phthalate metabolites, including di-2-ethylhexyl phthalate (DEHP) metabolites, were detected.
Conclusion: DBP and DiBP metabolites were associated with increased odds of preterm birth in pregnant
women residing in Puerto Rico.
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Background/Aim:
Prenatal chemical exposure has frequently been associated with reduced fetal growth although results have
been inconsistent. Most studies associate single pollutant exposure to these health outcomes, even though
this does not reflect real life situations as humans are exposed to thousands pollutants during their life time.
The objective of this study is to investigate the association between prenatal exposure to a mixture of
persistent environmental chemicals and birth weight.
Methods:
We combined exposure biomarker data obtained from cord blood samples of 1579 women from three
Flemish birth cohorts (FLEHS I, II & III) and a regional birth cohort (3xG). The common set of available and
detectable exposure measures are three polychlorinated biphenyls (PCB) congeners (138, 153 and 180),
hexachlorobenzene (HCB), dichlorodiphenyldichloroethylene (p,p’-DDE), cadmium and lead. Multiple linear
regression (MLR), Bayesian Information Criterion (BIC), Elastic net (ENET) and Bayesian Adaptive Sampling
(BAS) were applied to assess the influence of multiple pollutants on birth weight, adjusted for a priori
selected covariates.
Results:
In the pooled database, birth weight ranged from 1245 to 5575 grams with a median of 3430 grams. The
median contaminant levels in cord blood were: 15.8, 26.5, 18.0, 16.9 and 91.5 ng/g lipid for PCB 138, PCB
153, PCB 180, HCB and p,p’-DDE, respectively, 0.075 µg/L for cadmium and 9.7 µg/L for lead. Based on the
four applied multipollutant statistical methods, p,p’-DDE and PCB 180 were most consistently associated to
birth weight. Additionally, PCB 153 was selected when applying ENET and BAS. An inverse association with
birth weight was found for the PCB congeners, while an increased birth weight was observed for elevated
levels of p,p’-DDE.
Conclusions:
Assessing health risk of combinations of exposure biomarkers reflects better real-world situations. The
findings allow more effective risk assessment as addressing the critical chemical in a mixture of pollutants is
pivotal.
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Background/Aim: Perfluoroalkyl and polyfluoroalkyl substances (PFAS) have been reported to disrupt the
thyroid function. But epidemiological evidence on the association between PFAS and thyroid hormone (TH)
levels in cord blood is scarce and controversial. We aimed to examine the association between cord blood
PFAS concentrations and TH levels in prelabor caesarean deliveries.
Methods: We measured ten PFAS and three THs in cord blood in 581 prelabor caesarean deliveries. The
associations between PFAS and TH levels were examined using sparse partial least square (SPLS) regression
model.
Results: In SPLS analyses, thyroid stimulating hormone (TSH) level decreased with increasing concentrations
of perfluorooctane sulfonate (PFOS, β= -0.031, 95% confidence interval [CI]: -0.052, -0.013),
perfluorononanoic acid (PFNA, β= -0.030, 95% CI: -0.048, -0.014), perfluorodecanoic acid (PFDA, β= -0.030,
95% CI: -0.048, -0.014), perfluoroundecanoic acid (PFUA, β= -0.031, 95% CI: -0.049, -0.013), perfluorohexane
sulfonate (PFHxS, β= -0.022, 95% CI: -0.047, -0.002) and perfluorododecanoic acid (PFDoA, β= -0.034, 95%
CI: -0.057, -0.017). Moreover, we found a positive association between PFDoA and free thyroxine (FT4)
levels (β= 0.141, 95% CI: 0.064, 0.221) after adjusting for potential confounders. Free tri-iodothyronine (FT3)
levels were positively associated with concentrations of PFOS (β= 0.113, 95% CI: 0.039, 0.189), but
negatively associated with PFDoA (β= -0.307, 95% CI: -0.428, -0.207). We also observed gender disparity in
the associations of PFAS exposure and FT3, FT4, TSH levels.
Conclusion: Our results suggest that prenatal exposure to certain PFAS may affect fetal thyroid function. The
effect may be gender-specific.
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Background/Aim: Endometriosis is an estrogen-dependent disease and endocrine disrupting chemicals
(EDCs) seem to play a role in its etiology. The ratio of circulating versus stored levels of persistent organic
pollutants (POPs) may offer new insight as it combines serum levels, which reflect current exposure and
release from internal storage, together with adipose levels, which reflect long-term exposure and storage.
Methods: This study quantified 12 organochlorine pesticides, 6 polybrominated diphenyl ether (PBDE)
congeners, and 35 polychlorinated biphenyl (PCB) congeners in both serum and omental fat in women aged
18-44 with (n=190) and without (n=283) incident surgically visualized endometriosis. Participants were
recruited from clinical centers in Salt Lake City and San Francisco (2007-2009). Logistic regression adjusting
for age and body mass index was conducted. The circulating/stored log transformed chemical ratio was
modeled separately for each chemical and together using principal component analysis (PCA).
Results: The ratio of serum to adipose of sum PBDEs and PCB 74 were associated with endometriosis
(OR=1.24, 95% CI: 1.02, 1.52, OR=1.16, 95% CI: 1.02, 1.32). The ratio of serum to adipose for PBDE 183,
oxychlordane, gamma-hexachlorocyclohexane (HCH) and beta-HCH were associated with a decreased odds
of endometriosis. When using PCA, multichemical factors of the circulating to stored chemical ratio were
not associated with endometriosis.
Conclusions: These findings differ from results evaluating serum and adipose tissue separately. This
approach may offer novel insights on the relationship between persistent organic pollutants and
endometriosis. Because lipid metabolism may be perturbed in endometriotic phenotypes, measurement of
POPs from serum and adipose tissue separately could be less than an ideal characterization of exposure,
thus underscoring the importance of evaluating exposure using this type of novel approach.
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Background/Aim: Phenols are ubiquitous endocrine disrupting chemicals that cross the placenta. Phenols
have been linked to obesity in non-pregnant populations and their effects may be amplified in utero. We
examined the associations between maternal urinary phenols assessed during early-to-mid pregnancy and
infant birthweight.
Methods: Within the prospective Pregnancy Environment and Lifestyle Study, urinary bisphenols A, F, S
(bpa, bpf, bps), benzophenone-3 (bp3), and triclosan were assessed at gestational weeks 10-13 and 16-19.
The cohort included 104 women with gestational diabetes (gdm) and 214 matched women without gdm.
Linear regression estimated adjusted mean difference (amd) in birthweight across tertiles of maternal
phenols in the first and second trimester and cumulatively by the area under the curve (auc) adjusting for
matching variables.
Results: Overall, 39.4% of the cohort was Asian. Asian women had significantly lower levels of bp3 at 10-13
and 16-19 weeks, there were no other differences in phenols by race/ethnicity. Bp3 in the middle tertile
versus lowest tertile at both 10-13 and 16-19 weeks was associated with a lower amd in birthweight (-130.3
g (-25.2 to -8.3) and -149.0 g (-275.5 to -243.0), respectively. Birthweight in the third tertile did not
significantly differ from birthweight in the lowest tertile at 10-13 and 16-19 weeks. Among Asians only,
mean birthweight decreased linearly across tertiles of auc (p< 0.04) from 3498.5 g in the lowest tertile to
3271.3 g in the highest tertile of auc (amd 227.2 g (-425.4 to-29; p=0.03). Among non-Asians, there were no
significant associations. Results did not vary by GDM status. No significant associations were observed for
other phenols.
Conclusions: Higher urinary levels of bp3 were associated with lower birthweight. However, a dose response
relationship between bp3 and birthweight was only observed among Asians. Future research is needed to
clarify these racial/ethnic differences.
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Background: Nitrate ingestion from drinking water has been associated with an increased risk of several
cancers as well as adverse birth outcomes such as neural tube defects and low birth weight. Within this
overall body of research, colorectal cancer has the largest number of high-quality studies which report
increased risk at the lowest exposure levels. Yet, to date, no studies have attempted to quantify the health
and economic impacts due to nitrate in drinking water in the United States.
Methods: This study presents a first of its kind comprehensive assessment of nitrate exposure from drinking
water for the entire U.S. population, which serves as the basis for our analysis of the annual nitrateattributable cancer cases and adverse reproductive outcomes in the U.S. and the associated economic
losses due to medical costs and lost productivity. Additionally, through a meta-analysis of studies on
drinking water nitrate and colorectal cancer, we examine the exposure-response relationship for nitrate and
cancer risk.
Results: Combining nitrate-specific cancer risk estimates for colorectal, ovarian, thyroid, and bladder
cancers results in an average of 5910 estimated annual nitrate-attributable cancer cases (1884 to 11,718
cancer cases) in the U.S. of which 66-85% are colorectal cancer cases. For medical costs alone, this results in
an overall loss of 200 million to 1.4 billion dollars, and a potential 1 to 6 billion dollar loss from lost
productivity. With the meta-analysis of eight studies of drinking water nitrate and colorectal cancer, we
observed a statistically significant positive association for nitrate exposure and colorectal cancer risk and
calculated a cancer slope factor for nitrate in drinking water at 0.04 per mg/L.
Conclusion: Health and economic analyses presented here suggest lowering exposure to nitrate in drinking
water can help address colorectal cancer risk in the U.S. population and may alleviate the impacts of nitrateassociated diseases.
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Background/Aims
In the past two years, multiple wildfires of unprecedented devastation ravaged Northern California,
hitting urban areas with more fatalities, evacuations, and structures destroyed than ever before. Thick
smoke plumes and the highest PM2.5 concentrations ever recorded blanketed large metropolitan areas and
affected millions, including ~100,000 pregnant women. Combined exposures to contaminants and
emotional stress from these urban wildfires could have serious long-term developmental consequences if
delivered during critical periods in pregnancy.
The B-SAFE (Bio-Specimen Assessment of Fire Effects) study enrolls women pregnant during
wildfires and their children, collects biospecimens and survey information that will be used to understand
exposures, mechanistic responses, and health impacts of gestational wildfire exposure.
Methods
Women 18+ years of age who were pregnant and living in Northern California during 2017 wildfires
were recruited through local media and social media campaigns. Biospecimens and information were
collected in-person pregnancy, delivery, and postnatal visits. Women completed online surveys about their
wildfire experience.
Results
Of the 172 participating mothers, most were white 84(%), college educated (77%), married (89%),
and enrolled postnatally (145%). Of the first 149 B-SAFE mothers taking the 2017 wildfire survey, 104 (70%)
reported having symptoms. The most commonly reported symptom was stress/anxiety, which affected
48%; ~20% remained affected up to a year after the fires. Itchy/irritated eyes and cough were reported in
over 30% initially, but dropped steeply after the first month; trouble sleeping was reported for 15-22% in
the first several months. ‘Sore throat’ was the most commonly reported ‘other symptom.’ Most mothers
(80%) reported wearing masks; most (84%) were N95.
Conclusions
This cohort and biorepository will expand to include mothers pregnant during the 2018 Camp Fire
and will provide a resource for future studies to understand and minimize the biological and developmental
effects of wildfires, as they increase in number, duration, and intensity.
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In contrast with green spaces, there is still a lack of evidence regarding health and well-being benefits of
exposure to blue spaces. The objective of this randomized crossover study was to evaluate short-term wellbeing effects that office workers experience after walks on different environments (blue space vs. urban
space). We also assessed the persistence of these potential effects over time. A sample of 60 office workers
were randomly assigned to a different exposure (blue, urban, or control) each week. They walked for 20
minutes per day along a predefined route for each of the exposures, except the week they were exposed to
control that they rested for 20 minutes in the study room. Participants’ well-being was measured with
questionnaires answered before and after the exposure. Preliminary results of this study found that
subjects reported better quality of life and well-being scores after being exposed to blue space compared
with urban space. Better sleep quality was also suggested although it was not statistically significant. From 4
hours after the exposure, well-being benefits persisted, and scores were higher when participants had been
exposed to blue space compared with urban space. These findings might improve our understanding on the
effects of blue spaces on well-being.
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Background/Aim:
Household air pollution from inefficient biomass cookstoves causes millions of avoidable deaths annually.
We urgently need reliable information on potential interventions. The Ghana Randomized Air Pollution and
Health Study (GRAPHS) was a cluster randomized trial assessing the effect of a cookstove intervention
delivered during the first two trimesters of pregnancy on birth weight and on physician-assessed
pneumonia during the first year of life.
Methods:
We recruited pregnant women in Kintampo North and South districts in Ghana prior to 24 weeks gestation,
as determined via ultrasound performed by trained midwife, and assigned them to one of three study arms.
In control arm communities, study participants continued to cook with traditional cookstoves. In LPG
communities, households received one two-burner LPG cookstove and free LPG. In efficient biomass
cookstove communities, households received two fan-assisted improved biomass-burning stoves. Control
and efficient cookstove participants received LPG stoves at the end of the trial. Birth weight was assessed by
study staff stationed in birth clinics, or, in the case of home births, by home visit within 24 hours of delivery;
in both settings, birth weights were measured using calibrated digital scales. Trained field staff visited study
children weekly during the first year of life, and referred all community-assessed respiratory illnesses to a
study physician, who assessed pneumonia status using the WHO Integrated Management of Childhood
Illness (IMCI) guidelines.
Results:
We enrolled 1414 non-smoking, pregnant women resulting in 1303 live births. 1122 infants completed
follow-up through the first year of life, with 54,768 child-weeks of fieldworker surveillance. Our intention to
treat analysis showed no significant difference in birth weight or physician-assessed IMCI pneumonia in
either of the intervention arms.
Conclusions:
Neither intervention reduced pneumonia risk or increased birth weight. Future intervention studies should
consider community-level energy system transitions.
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Background/Aim: We are conducting a randomized trial of home HEPA air cleaners with NH3 pre-filters. The
study involves children age 6-12 years with poorly controlled asthma living in non-smoking homes in Yakima
Valley (WA, USA) where agricultural production contributes to ambient PM and NH3.
Methods: Households were recruited through a community farmworker clinic-based asthma program.
Controls received asthma education, a HEPA furnace filter, and green cleaning supplies. Additionally,
intervention homes received two portable HEPA cleaners (child’s bedroom, living room).
14-d integrated samples were collected at baseline and one-year follow-up in each room using RTI
MicroPEMs (PM2.5 ) and Ogawa Passive samplers (NH3). MicroPEM filters were weighed and Ogawas
extracted/analyzed at the University of Washington.
Results: 71 households completed the study. Most were detached single family homes (67.6%), with electric
heat (78.9%), electric stove (93.0%), A/C (93.0%), dog and/or cat (62.0%), and mean (SD) 5.3 (1.8)
occupants. Intervention and control families did not differ significantly in demographic or home
characteristics. HOBO devices indicated HEPA cleaners were on approximately 70% of the time.
Child’s bedroom data are presently available for 24 intervention/19 control (PM2.5) and 30 intervention/24
control (NH3) homes. Baseline geometric mean (GSD) PM2.5 and NH3 concentrations were 8.73 (1.87)
ug/m3 and 64.70 (1.69) ug/m3, respectively, with no significant difference by group (intervention/control).
At follow-up, GM PM2.5 differed by group, with a mean 48.5% (27.5%) drop in PM2.5 from baseline in the
intervention homes vs. a 1.8% (53.8%) drop in the controls. Follow-up NH3 concentrations did not differ
significantly by group, with a mean decrease of 13.5% (29.6%) in intervention homes vs. a 10.8% (46.5%)
increase in control homes.
Conclusions: We observed significant reductions in PM2.5 but not NH3 in rural homes of children with
asthma. The PM2.5 reduction is consistent with studies of HEPA air cleaner use in urban settings.
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Background: This project aims to examine the impact of the “Emissions Reduction Plan for Ports and Goods
Movement” of the California Air Resources Board (CARB) in 2006 on reductions in ambient air pollution and
subsequent improvements in health outcomes among Medicaid fee-for-service (FFS) beneficiaries in 10
counties in California. Specifically, we examined whether air pollution reduction actions resulted in
decreases of emergency department (ED) visits and hospitalizations among enrollees with chronic
conditions.
Methods: The study areas were grouped into goods movement corridors (GMCs) as locations within 500 m
of truck-permitted freeways and ports; non-goods movement corridors (NGMCs) as locations within 500 m
of truck-prohibited freeways or 300 m of a connecting roadway, and controls (CTRLs) away from major
roads. We created annual air pollution surfaces for NO2, PM2.5 and ozone across California and assigned
them to enrollees’ home addresses. We used a retrospective cohort of 23,000 adults with six years of data
(September 1, 2004 to August 31, 2010). We estimated the predicted outcomes for enrollees in GMC with
and without policy by using the control group as the counterfactual. To facilitate interpretation, we
calculated difference-in-differences (DD) estimates.
Results: We observed significant reductions in pollutant exposures for enrollees in 10 counties with the
enrollees in GMCs experienced the greatest reduction from the pre- to post-policy periods. Furthermore,
we observed statistically significant reductions in ED visits in the study population in post-policy years. For
instance, the number of ED visits among those with asthma living in GMCs significantly decreased
comparing with those living in CTRLs in the second year (DD=-0.08, p<0.01) and third year (DD=-0.08,
p<0.01) due to the policy.
Conclusions: Our findings add to empirical evidence that air pollution control actions reduced pollution
exposures; and led to health outcome improvements among people with chronic conditions.
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Background/Aim: In rodents, visuospatial memory deficits following metal exposure have been measured
with the radial arm maze (RAM) task. In humans, the virtual radial arm maze (VRAM), is the computerized
analogue developed to assess visuospatial memory in children. The goal of this study was to examine
associations between exposure to metals and performance on the VRAM among adolecents that can be
utilized to plan future translational studies using RAM.
Methods: Manganese (Mn), lead (Pb), chromium (Cr) and copper (Cu) were measured in blood, urine, hair,
nails and saliva of 184 participants (84 girls; 11-15 years of age) enrolled in the PHIME study (Public Health
Impact of Manganese Exposure) who resided near a ferroalloy plant in Italy. VRAM performance was
assessed as the time required to complete the task. Using generalized weighted quartile sum (gWQS)
regression, we investigated associations between a mixture of four metals in all matrices and VRAM
performance, controlling for covariates. We estimated metal mixture weights and effects for the whole
cohort and for each sex individually.
Results: A higher metal mixture index was associated with poorer VRAM performance (β: 0.28; p=0.02).
Upon stratification, this association was observed in girls (β: 0.65; p<0.001) and not boys. Urine Mn and
blood Cu contributed 27% and 13% respectively to the overall mixture effect. Mn in all 5 matrices combined
contributed to 54% to the overall mixture effect. In post-hoc analyses, no associations were observed
between exposure to each metal separately and VRAM performance.
Conclusions: Exposure to this metal mixture during adolescence may disrupt visuospatial skill acquisition in
females. Our results can inform translational research that may address underlying neurotoxic mechanisms
and guide additional studies on which metals to focus in future research.
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Background: Lead exposures have been associated with worse psychological symptoms in adults. Uric acid
(UA) has potent antioxidant properties that could modify effects of exposures like lead. We evaluated
whether UA modified the association between lead exposures and psychological symptoms.
Methods: Biomarker measures of lead in bone (cumulative exposure) and blood (recent exposure) and
psychological assessments were available for 793 men in the Normative Aging Study in 1991-2002. Selfreported psychological symptoms were evaluated with the Brief Symptom Inventory (BSI). We assessed
global indices of distress and dimensions previously associated with lead exposures: global severity index
(GSI), positive symptom total (PST), positive symptom distress index, anxiety, phobic anxiety, depression,
somatization, and hostility, with responses greater than one standard deviation above the mean considered
as high symptoms. Up to three BSI assessments were considered in repeated measures generalized
estimating equations with lead biomarkers, UA, and their interaction, adjusted for age, education, smoking
status, cumulative smoking, white collar job, marital status, alcohol intake, and serum creatinine, all
assessed at baseline.
Results: Participants were 68.0 (SD: 7.0) years old, and proportion of high symptoms ranged from 7.3%
(phobic anxiety) to 14.9% (PST), at the baseline BSI assessment. Interactions between patella lead and UA
were significant for all global indices and dimensions except hostility. Odds ratio for high GSI for an
interquartile (20 µg/g) increase in patella bone lead was 1.36 (1.01-1.84) at the 25th percentile of UA and
1.00 (0.73-1.36) at the 75th percentile of UA. Interactions between tibia bone lead or blood lead and UA
were not significant.
Conclusions: UA modified the adverse association between patella bone lead and psychological symptoms
such that the association was less pronounced at higher levels of UA. These results suggest that strategies
involving antioxidants could potentially mitigate the detrimental effects of past lead exposures on
psychological symptoms.
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Background: Metals have been suggested as risk factor for amyotrophic lateral sclerosis (ALS), but only
retrospective studies on this possible association are available to date. We aimed to compare metal levels in
prospectively collected blood samples from ALS patients and matched controls, to explore whether metals
are associated with ALS risk.
Methods: A nested case-control study for ALS was conducted within a large prospective European cohort.
ALS cases were defined as those subjects for whom “motor neuron disease” was reported as an immediate,
antecedent or underlying cause of death. We analysed erythrocytes metal levels in stored blood samples
that were obtained at recruitment, as a biomarker for metal exposure from any source. Lead, mercury,
manganese, selenium, copper, zinc, cadmium and arsenic concentrations were measured by sensitive and
high-throughput methods, based on inductively coupled plasma-mass spectrometry. To estimate the risk of
ALS in relation to pre-symptomatic blood metal levels, we applied conditional logistic regression models,
adjusted for educational level, physical activity and smoking.
Results: The study population comprised 107 cases (65% male) and 319 matched controls. The median age
at recruitment was 60 and the median time between blood collection at recruitment and ALS death was 8
years (ranging from 1 to 15 years). Cadmium and lead levels were associated with increased ALS risk, but
ORs attenuate after adjustment. Zinc levels were significantly associated with decreased ALS risk, but nonsignificant when adjusted.
Conclusion: The metal concentrations in pre-symptomatic blood from ALS patients and controls indicated
that cadmium and lead may be associated with an increased risk of ALS. This is the first study to compare
metal levels before the disease onset, and hence avoiding any reverse causation, and our findings support
previous suggestions that these metals play a role in the aetiology of ALS.
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Background/Aim: Metals are critical to neurodevelopment, and dysregulation in early life has been
documented in autism spectrum disorder (ASD). However, underlying mechanisms and biochemical assays
to distinguish ASD cases from controls remain elusive. We tested the hypothesis that that elemental
metabolic cycles are disrupted in ASD.
Methods: This is a four-center study. Discovery was undertaken in Sweden, with replication in the UK and at
two sites in the US. Using novel tooth-matrix biomarkers that provide direct measures of fetal elemental
uptake, we developed a predictive model to distinguish participants who would be diagnosed with ASD in
childhood from those who did not develop the disorder We show that three quantifiable characteristics of
fetal and postnatal zinc-copper rhythmicity are altered in ASD: the average duration of zinc-copper cycles,
regularity with which the cycles recur, and the number of complex features within a cycle. Overall 193
children with gold-standard diagnosis of ASD participated in this study
Results: In all independent study sets and in the pooled analysis, zinc-copper rhythmicity was disrupted in
ASD cases. In contrast to controls, in ASD cases, the cycle duration was shorter (F = 52.25, P < 0.001),
regularity was reduced (F = 47.99, P < 0.001), and complexity diminished (F = 57.30, P < 0.001). With two
distinct classification models that used metal rhythmicity data, we achieved 90% accuracy in classifying
cases and controls, with sensitivity to ASD diagnosis ranging from 85 to 100% and specificity ranging from 90
to 100%.
Conclusions: These findings suggest that altered zinc-copper rhythmicity precedes the emergence of ASD,
and quantitative biochemical measures of metal rhythmicity distinguish ASD cases from controls.
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Background: The neurotoxic effects of lead and mercury on children have been well established; however,
evidence regarding the role of manganese remains inconclusive. The aim of the study is to evaluate the
association between manganese exposure and psychosocial behavior of children using a nationwide survey
in Taiwan.
Methods: A total of 1003 participants were randomly selected from 110 kindergartens of 19 counties
throughout Taiwan using a stratified cluster sampling method. Those preschool children aged five to seven
years old were enrolled after the informed consent from their parents. Urinary levels of manganese, lead,
cadmium, and arsenic, as well as whole blood total mercury, were measured. The psychosocial behavior of
the participants was also evaluated using the parental reported Strengths and Difficulties Questionnaire
(SDQ). We utilized linear regression models to evaluate the correlation between environmental heavy
metals exposure and SDQ total- and sub-scores. Results: The mean (SD) age of the participants was 5.7 (0.7)
years old, and 51.3% of them were male. The geometric mean of urinary manganese was 0.181 µg/L.
Results of multivariable regression models revealed that urinary manganese levels were positively
associated with scores of Peer Problem (adjusted coefficients [95% confidence interval, CI], 0.10
[0.01~0.19], for per log unit increase) and negatively correlated with scores of Prosocial Behavior (-0.13 [0.25~-0.01], for per log unit increase). Furthermore, the significant associations remained robust after
adjusted for the other neurotoxic heavy metals.
Conclusions: The study provided evidence regarding the detrimental effects of manganese exposure and
psychosocial developmental in preschool children.
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Background: Pregnant women that are exposed to high levels of mercury may have an increased risk of
adverse mental health conditions including post-partum depression. Mercury use for artisanal gold mining
purposes in the interior of Suriname is alarming. The Caribbean Consortium for Research in Environmental
and Occupational Health (CCREOH)-MekiTamara study assesses the influence of chemical and non-chemical
stressors on 1000 mother/child dyads. This study aims to determine the association of mercury exposure
and depression in Surinamese pregnant women.
Method: Data of 337 pregnant women from the CCREOH program were analysed to assess probable
prenatal depression using the standardized Edinburgh Postnatal Depression Scale (EPDS cut off ≥12). Total
mercury in hair was measured using cold-vapor atomic absorption spectrometry (USEPA action level ≥ 1.1
ug/g indicated elevated mercury levels). The association between hair mercury levels and depression was
examined using logistic regression analyses, adjusted for demographic factors.
Results: 92 women (27.3%) had elevated total mercury hair levels that exceeded the USEPA action level,
24.8% of this sub- cohort had probable depression; no significant association was observed between
elevated mercury levels and probable depression. 25.9% of women with elevated mercury levels had
probable depression versus 24.3% without elevated mercury levels. Bivariate analyses indicated women 35
years or older had 3.06 the odds of elevated mercury levels (p=0.003) compared to women 20-34 years.
Women with elevated mercury levels were more often lower educated (OR 2.50, p<0.001) and were living in
the interior of Suriname (OR 5.97, p=0.01), ethnicity and income were not associated.
Conclusion: One out of 4 pregnant Surinamese women in the CCREOH sub- cohort had elevated hair
mercury levels. Older women, women with lower education and those living in areas of high exposure were
at higher risk. Hair mercury levels did not show a significant association with depression.
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Background. Sickle cell disease (SCD) is an inherited, autosomal recessive blood disorder, among the most
prevalent genetic diseases, globally. While the genetic and hemolytic dynamics of SCD have been wellcharacterized, the etiology of SCD-related pathophysiological processes is unclear. Although limited,
observational evidence suggests that environmental factors, including urban air pollution, may play a role.
Objectives. We assessed whether daily ambient air pollution concentrations are associated with
corresponding emergency department (ED) visit counts for acute SCD exacerbations in Atlanta, Georgia,
during a 9-year (2005-2013) period. We also examined heterogeneity in response by age and sex. Methods.
ED visit data were from 41 hospitals in the 20-county Atlanta, GA area. Ambient pollutant measurements,
including daily information for 8 air pollutants of interest: carbon monoxide (CO), nitrogen dioxide (NO2),
ozone (O3), and fine particulate matter (PM2.5), sulfate (SO42-), elemental carbon (EC), and organic carbon
(OC). Associations of daily air pollution levels and counts of SCD related ED visits were estimated using
Poisson generalized linear models. Results. We observed positive associations between pollutants generally
indicative of traffic emissions (CO, NO2, EC) and corresponding SCD ED visits [e.g., rate ratio of 1.022 (95%
CI: 1.002, 1.043) per interquartile range increase in CO]. Age stratified analyses indicated stronger
associations with traffic pollutants among children (0-18 years), as compared to older age strata. It is
possible that several biological pathways may be involved in the observed findings and may contribute
towards enhanced susceptibility. Notably, vaso-occlusion and hemolysis, primary pathophysiologic features
involved in acute SCD response, are associated with dysregulated arginine-nitric oxide metabolism.
Conclusions. This analysis represents the largest US epidemiological study to examine enhanced acute risk
among individuals with SCD to urban air pollution health effects an add to the emerging evidence of
enhanced susceptibility to components of urban air pollution, among those with SCD.
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Background: Short-term exposure to particulate matter (PM) has been related to cause-specific mortality
and morbidity worldwide. Most evidence comes from studies conducted in major cities, and little is known
on the effects of PM on specific cardiovascular endpoints among residents of suburban and rural areas. We
aim to investigate the relationship between PM and admissions for multiple cardiovascular diseases at
national level in Italy.
Methods: Daily numbers of urgent hospital admissions for multiple cardiovascular endpoints were collected
for all 8,092 municipalities of Italy, from 2006 to 2015. A satellite-based spatiotemporal model was
developed to estimate daily PM10 (2006-2015) and PM2.5 (2013-2015) concentrations at 1-km resolution.
Multivariate Poisson regression models were fit in each municipality, then results were pooled with a
random-effects meta-analysis. Effects were reported by age, sex and degree of urbanization of the
municipalities, classified as rural, sub-urban, urban and metropolitan.
Results: We selected 7,717,344 urgent hospitalizations for cardiovascular diseases (25% stroke, 24%
ischemic heart diseases, 20% heart failure, 10% arrhythmias, 4% hypertension). National daily mean
(standard deviation) PM10 and PM2.5 concentrations were 23 (14) ug/m3 and 17 (12) ug/m3, respectively.
We estimated significant effects of PM10 and PM2.5 on total cardiovascular, cardiac, ischemic heart
diseases and heart failure, with highest associations found at lag 0-1 (average of last two days) with heart
failure: percent increments per 10 ug/m3 variation in PM10 and PM2.5, respectively, were 0.38% (95% CI:
0.25%, 0.52%) and 0.37% (0.17%, 0.58%) for total cardiovascular diseases, and 1.10% (0.84%, 1.37%) and
1.32% (0.87%, 1.76%) for heart failure. Associations were highest among elderly, similar between rural and
urbanized areas, and significant even below 20 ug/m3.
Conclusions: Air pollution is associated with daily cardiovascular admissions, especially for heart failure,
both in large cities and in suburban and rural municipalities of Italy, with effects persistent even at low
concentrations.
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Background: Epidemiological studies have reported associations between PM2.5 and severe health
outcomes (e.g., mortality or morbidity), while mild adverse outcomes (e.g., clinical or even subclinical
symptoms) have rarely been studied. Big data technology provides a promising way to investigate the shortterm effect of PM2.5 exposures on pharmacy visits, a potential proxy of mild adverse outcomes.
Methods: We first identified the exact location of 40,875 pharmacies through the pharmacy-related points
on interests (P-POIs) in Jiangsu province, China. For each P-POI, normalized daily pharmacy visits numbers
from May 28, 2018 to January 17, 2019 (235 days), were extracted from anonymized, geographically and
time-referenced Call Detail Records (CDRs) of 136 thousand mobile phone base station macro-cells. Daily
pharmacy visits numbers of each P-POIs were matched with the daily PM2.5 concentrations in the closest
10 km grids that were incorporated from PM2.5 stationary monitors using a random forest model. A
generalized additive model was applied to estimate the associations of PM2.5 with pharmacy visits for each
P-POI. The estimates at the P-POI level were then pooled using a Bayesian hierarchical model at city and
province levels.
Results and discussion: In general, a significant increased risk of pharmacy visits (0.58%, 95% Confidence
Interval: 0.43, 0.72) was associated with a 10 μg/m3 increase in PM2.5 concentrations. The effects were
significant in most cities (ranging from 0.54% to 0.83%). Mobile phone big data offers a novel way to
quantify air pollution effects on subclinical outcomes, and in regions where administrative health data are
lacking.
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Background/Aims: Lima, Peru is a fast developing urban center in South America. Lima’s topography, aging
vehicular fleet, and citywide use of biomass burning result in severe air pollution, yet few studies have
looked at adverse health outcome and PM2.5 in Lima due to limited ground measurements. Recently, daily
PM2.5 levels were estimated at 1km² spatial resolution using an advanced satellite and chemical transport
model fusion technique in Lima for 2010 to 2016. We aim to quantify the effects of PM2.5 on asthma
hospital admissions between 2010 and 2016 in Lima, Peru.
Methods: Poisson generalized linear regression was applied to investigate the effects of district-averaged
PM2.5 on daily hospital admissions of asthma, controlling for temporal and meteorological variables.
Subgroup analyses by age were also performed.
Results: There were a total of 143,932 asthma admissions spanning 43 Lima districts and the seaport of
Callao between 2010-2016. We found a significant positive association between overall asthma hospital
visits and PM2.5 (β = 0.0051 (95% CI: 0.0023-0.0079, lag2 days)). Analyses by age subgroup indicate that the
association is strong in people under the age of 18 (β = 0.0075 (95% CI: 0.0044- 0.0107)). There was a
positive, non-significant association between asthma and PM2.5 in adults ages 18-64 (β = 0.0019 (95% CI: 0.0041- 0.0080)) and a negative, yet significant association in adults above 65 years of age (β = -0.0201(95%
CI: -0.0333 - -0.0070)).
Conclusions: PM2.5 had adverse effects on asthma. The greatest effect was seen in children under the age
of 18. The negative association in adults above 65 might be due to low counts in that age group (N= 6,273).
Results from this study will inform health authorities and aid in development of strategies and health
interventions to curtail the severity of air pollution on the increased risk of asthma in Lima.
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Background/Aim: We investigated the association between long- and short-term exposure to air-pollutants
and total and cause-specific GP consultations, visits and prescriptions in the Borough of Lambeth, for 20092013.
Methods: We used the Lambeth DataNet (LDN), a primary care database containing
anonymised demographic and clinical data from 330,000 patients registered at 49 general practices (GP) in
Lambeth. The total daily number of all
consultations for respiratory causes with GP or nurse, as well as inhaler prescriptions, were recorded for
each of the 176 Lower Super Output Areas(LSOA) in Lambeth. Daily NO2, PM10 and PM2.5 concentrations
at LSOA level were estimated combining land use regression and dispersion model predictions. Age
distribution, deprivation index, and other socio-economic LSOA-level characteristics were acquired from the
Office for National Statistics.We used random effects zero inflated negative binomial models to
simultaneously investigate the long- and short-term association of daily number of consultations with the
air pollutants, controlling for daily temperature, day of the week, time trend and deprivation index and age
distribution at LSOA level.
Results: During the study period 658,983 consultations were recorded. The daily NO2 concentrations ranged
from 7.1 to 297.9 μg/m3; the average concentration for the whole study period in the Lambeth LSOAs
ranged from 23.8 to 164.7 μg/m3. A significant association between short-term exposure to traffic pollution
and the total number of consultations was found. Specifically, an interquartile range increase in NO2
(29.3μg/m3) was associated with 2.27% (95% Confidence Interval: 1.65-2.88%) increase in the daily number
of consultations. No significant spatial association was identified.
Conclusions: In an analysis of both short and long-term effects of air pollutants on primary care outcomes in
a specific area within a mega-city, using novel approaches to exposure estimation, an effect of short-term
exposures was found but no spatial variation could be identified.
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An epidemiological research was conducted to establish the association between exposure to particular
matter less than 2.5 diameters (PM2.5), and daily cases of respiratory disease (acute infection in the upper
and lower respiratory tract) in vulnerable populations (under 5 years of age and 65 years and older) in the
10 municipalities of Aburra Valley region in Antioquia (Colombia) between 2008 and 2015. For each
municipalities, the data was collected from the individual records of health service provision, time series
analyzes were performed with generalized additive models (GAM) of Poisson regression. The findings were
consolidated from meta-analysis supported in random effects models. In six of the 10 municipalities
evidences of the shor-term effects of PM2.5 on the incidents of respiratory disease in the two age groups
were found. In children under 5 years the consolidated effects show gradients for the single lag models and
for the distributed lag models; the increase of the daily concentration of 10 µg/m3 of PM2.5 increased in
9.1% the cases of respiratory disease in Lag 1; the accumulated exposure during the first 3 days and during
15 days was related to respective increases of 12.6% and 19.4%. In adults aged 65 and over the effects were
lower than those observed in the group of children, the increase of the daily concentration of 10 µg/m3 of
PM2.5 increased in 4.2% the cases of respiratory disease. The accumulated exposure during 3-day was
associated with increases of 2.9%, however the effect is reduced to 1.2% for accumulated lags of 7 days and
diluted for cumulative exposure of 15 days, period for which the relative risk is not statistically significant.
The results of this multicity analysis show the health effect of PM2.5 on respiratory morbidity of vulnerable
population with greater association in children under 5 years.
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Background/Aim: The current evidence on long-term effects of air pollution exposure on childhood allergy is
limited to studies focusing on early-life and primary school ages. However, the role of air pollution exposure
in the development of sensitization up to adolescence remains unclear. We investigated the longitudinal
association between air pollution exposure and allergic sensitization to common allergens in children
followed prospectively during the first 16 years of life.
Methods: Four European birth cohorts participating in the MeDALL project were included: BAMSE (Sweden),
LISA and GINIplus (Germany), and PIAMA (The Netherlands). Land-use regression models were applied to
assess the individual residential outdoor levels of particulate matter with aerodynamic diameter <2.5 μm
(PM2.5), 2.5-10 μm (PMcoarse), and <10 μm (PM10), PM2.5 absorbance, nitrogen dioxide (NO2), and
nitrogen oxides (NOx). Blood samples drawn at 4-6, 8-10 and 15-16 years from 6,136 children were analyzed
for allergen-specific serum IgE against common airborne and food allergens (cut-off 0.35 kU/L). Longitudinal
associations were assessed by cohort-specific generalized estimated equations, and subsequent metaanalysis. In addition, analysis using the MeDALL microarray that includes IgE reactivity against 130 allergen
molecules (cut-off 0.3 ISU-E) was performed in the BAMSE cohort (n=786).
Results: Air pollution exposure was not associated with sensitization up to age 14–16 years, with overall
odds ratio for sensitization to any common allergen of 1.04 (95% CI, 0.87–1.24) for 10 µg/m3 increase in
NO2 exposure at birth address. The results were similar for other tested pollutants, as well as for concurrent
exposure estimates at the time of biosampling. The microarray analysis of IgE reactivity did not identify any
allergen molecule significantly associated with air pollution exposure after correction for multiple testing
(FDR p<0.05).
Conclusions: No clear association between air pollution exposure and development of allergic sensitization
in children up to 16 years of age was found.
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Background: Particulate matter <2.5 microns in diameter (PM2.5) can produce respiratory morbidity
starting in utero. Children remain vulnerable in early life as the lung and related systems continue to
mature. Here we examine the associations between exposure to prenatal and early life PM2.5 and
respiratory outcomes in children and explore sex differences.
Methods: We studied 514 mother-child dyads in the Programming Research in Obesity, GRowth,
Environment and Social Stressors (PROGRESS) study in Mexico City. Exposure to PM2.5 was estimated using
residence in pregnancy and child’s first year of life and a satellite-based spatio-temporal model. The
International Study of Asthma and Allergies in Childhood questionnaire was administered at the 4 and 6
year visits. Outcomes included repeated wheeze - defined as report of wheeze in the past year at both
visits, and report of wheeze in the past year at the 4 year visit, or at the 6 year visit in separate models.
Associations were modeled using distributed lag models with weekly PM2.5 averages, adjusting for child’s
sex, mother’s age at enrollment, birth season and maternal asthma.
Results: No associations were found between prenatal PM2.5 exposure and respiratory outcomes. We
found significant associations between higher PM2.5 exposure during the first year of life and higher
cumulative odds of repeated wheeze (OR:4.25, 95%CI [1.12, 16.07] per 5 µg/m3) and wheezing in the past
year at age 6 (OR:3.84, 95%CI [1.49, 9.92] per 5 µg/m3). In sex-stratified models, associations were stronger
in boys when compared to girls.
Conclusions: Increased PM2.5 during the first year of life was most strongly associated with greater odds of
respiratory symptoms later in childhood. Understanding temporal relationships that affect the biological
response to air pollution may provide unique insights into mechanisms affecting lung growth and assist in
the development of behavioral or policy measures that will reduce exposure.
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Background
There is limited information on the associations between long-term exposure to ambient PM2.5 and lung
function in children, especially in Asia, where the air pollution is generally serious. This study aimed to
investigate the associations between long-term exposure to ambient PM2.5 and lung function in children
and adolescents in Taiwan.
Methods
A total of 8,533 participants (aged 6-19 years old) with 11,228 medical observations were included in this
study from 2000 to 2014. We applied a spatial-temporal model to estimate PM2.5 concentrations at
individuals’ residential addresses. The spirometric tests included the forced vital capacity (FVC), forced
expiratory volume in 1 s (FEV1), and maximum mid-expiratory flow (MMEF). The generalized linear mixed
model was used to examine the associations between long-term exposure to ambient PM2.5 and lung
function. The odds of low lung function (defined as FEV1 <85% of the cohort-specific adjusted prediction)
were also calculated, adjusting for main confounders.
Results
Every 10 μg/m³ increase in PM2.5 was associated with a decrease of 1.35% (95% confidence interval (CI): 2.22 to -0.96), 2.09% (95%CI: -2.38 to -1.28), and 1.85% (95%CI: -3.26 to -2.09) in FVC, FEV1, and MMEF,
respectively. The odds of low lung function increased 12% with an odds ratio (OR) of 1.12 (95%CI: 1.05 to
1.15).
Conclusion
Ambient PM2.5 is associated with lower lung function (including FVC, FEV1, and MMEF) and higher odds of
low lung function in children and adolescents in Taiwan.
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Background/Aim Residential exposure to particulate matter (PM2.5 and PM10) air pollution (AP) has been
shown to activate the immune system (IS). While innate immune responses to AP have been studied
extensively, investigations on the adaptive IS are scarce.
Objective To investigate the association between short- to long-term AP exposure and polyclonal free light
chains (FLC: κ+λ) produced by plasma cells.
Methods We used repeated data from three examinations (t0: 2000-2003, t1: 2006-2008, t2: 2011-2015) of
the Heinz Nixdorf Recall study, a population-based German cohort of initially 4,814 participants (45-75
years). Residential exposure to total and source-specific particulate matter, nitrogen dioxide (NO2) and
particle number concentrations (accumulation mode) was estimated using a chemistry transport model with
different time windows (28-, 91-, 182-, 270- and 365-day means) before blood draw. We applied linear
mixed models with a random participant intercept to estimate associations between air pollution (AP)
exposures and log-transformed FLC, controlling for year of enrollment, age, sex, socioeconomic status,
lifestyle variables, estimated glomerular filtration rate (eGFR) and season.
Results Analyzing 10,017 observations from 4,207 participants, we mostly observed positive associations
between AP exposures and FLC. The strongest associations were observed with 91-day exposures, e.g. 2.9%
increase in FLC (95%-Confidence Interval [CI]: 1.6%; 4.1%) per interqurartile range increase in NO2 (14.1
µg/m³). While most AP exposures also showed significant positive effect estimates with an exposure
window of 182 days, weaker associations were observed for the other time windows. Across the different
pollutants, PM10 and NO2 showed the strongest associations with FLC.
Conclusions Our results suggest that in particular 91-and 182-day mean AP exposures might be positively
associated with activation of the adaptive IS.
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Background/Aim: No previous epidemiological study has investigated the independent effect of long-term
ambient nitrogen dioxide (NO₂) and particulate matter smaller than 2.5 µm in diameter (PM₂.₅) exposure on
asthma-related outcomes among school children in Africa. This study aimed to investigate these effects in a
cohort of school children in the Western Cape Province of South Africa.
Methods: Grade-4 school children (n = 522) residing in four informal settlements were followed for a 12months period. Spirometry and fractional exhaled nitric-oxide (FeNO) measurements were conducted on
each child in addition to the International Study on Asthma and Allergy in Children (ISAAC) questionnaire
that was administered to the parent/caregiver at baseline and follow-up. Annual NO₂ and PM₂.₅ levels were
estimated for each child’s home using land-use regression modelling. Two-pollutant models were
constructed to assess the independent effects of both ambient NO₂ and PM₂.₅ on incident asthmaassociated outcomes adjusting-for host characteristics, indoor exposures and residential area.
Results: The annual average concentration of PM₂.₅ and NO₂ in the four study areas (10.01 μg/m³ and 16.62
µg/m³ respectively), were below the South Africa National Ambient Air Quality Standards (20 μg/m³ and 40
µg/m³, respectively) for both pollutants. An interquartile range (IQR) increase of 14.2 µg/m³ in NO₂ was
associated with an increased risk of new onset ocular-nasal symptoms (adjusted odds ratio [aOR]: 1.63, 95%
Confidence Interval [CI]: 1.01 – 2.60), wheezing (aOR: 3.57, 95% CI: 1.18 – 10.92), symptom score ≥2 (aOR:
1.71, 95% CI: 1.02 – 2.86), and allergic airway inflammation defined as FeNO > 35 ppb (aOR: 3.10, 95% CI:
1.10 – 8.71), independent of PM₂.₅ exposures.
Conclusion: This study provides evidence of an effect of ambient NO₂ below national and international
guidelines, independent of PM2.5 exposure, on 12-months incidence of asthma-related outcomes among
children residing in informal settlements of South Africa.
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Background/Aims
The majority of studies of long-term exposure to air pollution and respiratory health in children have been
performed in countries with moderate concentrations of pollutants. We aimed to determine the effect of
outdoor nitrogen dioxide (NO2), as a surrogate for urban air pollution, on current asthma and lung function
in Australia, a country with low pollution levels.
Methods
We performed a national, cross-sectional study of children aged 7–11 years during 2007–2008 in 12
Australian cities. We used a questionnaire to collect information on asthma and socio-demographic and
environmental covariates. We measured lung function (forced expiratory volume in one second [FEV1],
forced vital capacity [FVC]) and fractional exhaled nitric oxide [FeNO]) using standard methods. We
estimated lifetime and recent (last 12 months) exposure to NO2 based on regulatory monitors near each
child’s school, and also estimated recent exposure at each child’s school and home address using a satellitebased land use regression (LUR) model.
Results
Our analysis included 2,630 children. Mean (±SD) NO2 exposure was 8.8 ppb (±3.2). We observed a
significant association between an IQR (4 ppb) increase in recent NO2 exposure and current asthma using
monitor and LUR-estimated exposures: odds ratios (ORs) were 1.24 (95% CI: 1.08, 1.43) and 1.54 (95% CI:
1.26, 1.87), respectively. Each IQR increase in recent NO2 exposure was associated with a significant
decrease in predicted FEV1 (-1.35 percentage points [95% CI: -2.21, -0.49]) and FVC (-1.19 percentage points
[95% CI: -2.04, -0.35]. An IQR increase in NO2 was associated with a 71% increase in FeNO (95% CI: 38%,
112%).
Conclusions
Exposure to low levels of outdoor NO2, as a marker of urban air pollution, was associated adverse
respiratory effects in this population-based sample of Australian children.
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Background/Aim: Physical activity is one of the best disease prevention strategies and is influenced by
environmental factors such as temperature. To illuminate the relation between ambient temperature and
bikeshare usage and to project how climate change-induced increasing ambient temperatures may
influence active transportation in New York City.
Methods: The analysis leverages Citi Bike bikeshare data to estimate participation in outdoor bicycling in
New York City. Exposure-response functions are estimated for the relation between daily temperature and
bike usage from 2013-2017. The estimated exposure-response relation is combined with temperature
outputs from 21 climate models (run with emissions scenarios RCP4.5 and RCP8.5) to explore how climate
change may influence future bike utilization.
Results: Estimated daily hours and distance ridden significantly increased as temperatures increased, but
then declined at temperatures above 26°C-28°C. Bike usage may increase up to 3.1% by 2070 due to climate
change. Interestingly, future ridership increases during the winter, spring, and fall may more than offset
future declines in summer ridership.
Conclusions: Evidence suggesting non-linear impacts of rising temperatures on health-promoting bicycle
ridership demonstrates how challenging it is to anticipate the health consequences of climate change. We
project increases in bicycling by mid-century in NYC, but this trend may reverse as temperatures continue to
rise further into the future.
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Background/Aim: Urban density has been linked to higher levels of walking for transport. However, the
factors and pathways responsible for these associations are unclear. Also, most findings on this topic are
from locations with low-to-moderate levels of density. This study examined potential mechanisms
underpinning the effects of urban densification on walking for transport in older community dwellers of an
ultra-dense Asian city.
Methods: The Active Lifestyle and the Environment in Chinese Seniors (ALECS) study is an epidemiological
study on the environmental correlates of older Hong Kong community dwellers’ walking and mental health.
909 participants were recruited from neighbourhoods stratified by income and walkability. Geographic
Information Systems quantified dwelling density and other environmental characteristics (e.g., parks and
destination density) of street-network buffers surrounding participants’ homes. Data on within- and
outside-neighbourhood walking for transport, socio-demographic characteristics and health were collected
using interviewer-administered questionnaires. Directed Acyclic Graphs and Generalised Additive Mixed
Models were used to examine the total, mediated and unmediated effects of dwelling density on walking.
Results: Total effects indicated that dwelling density was positively associated with measures of withinneighbourhood walking. The effect of dwelling density on frequency of within-neighbourhood walking was
fully mediated by food outlets/retail density, entertainment density, car ownership and health conditions
(via road intersection density). The effect of dwelling density on amount of within-neighbourhood walking
was partly mediated by similar environmental factors directly and indirectly via their effects on frequency of
within-neighbourhood walking. Transportation density was a suppressor. Complex mediated and
suppression effects of dwelling density on measures of outside-neighbourhood walking were also observed.
Conclusions: The potential effects of urban densification on walking for transport in Hong Kong older adults
are complex and include mediating factors exerting non-linear influences of opposite direction. A better
understanding of these can inform the creation of healthy and age-friendly cities.
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Modeling impacts of land use and transportation over long-term horizons offers possibilities to assess
effects of societal trends that may affect mobility like urban sprawl.
We defined two scenarios for 2061 for the Greater Montreal: a Business As Usual (BAU) and an Ideal
scenario with urban densification and reductions in car share (76% to 62% in suburbs; 55% to 34% in urban
areas). We aimed to compare numbers of trips and distances by transport mode, air pollution and health
impacts of scenarios. Comparisons between urban areas and suburbs, between 2031 and 2061, and
sensitivity analyses were performed.
We estimated the 2061 population in 87 municipalities using the 2008 Origin-Destination survey, the
demographic model ES-3 and Quebec population projections for 2031 and 2061. 2031 trips (from a mode
choice model) and distances were used to estimate those of 2061. Emissions of nitrogen dioxide (NO2) and
carbon dioxide (CO2) were modelled with the US EPA MOVE model, and concentrations of NO2 using
CALPUFF. Negative impacts of NO2, road traumas, and health benefits of active transportation were
summarized with disability adjusted life years (DALY).
Walking and Public Transit (PT) use and corresponding distances walked in 2061 were >70% higher for the
Ideal scenario vs the BAU, while car share and distances were <40% lower. NO2 levels were slightly lower in
the Ideal scenario compared to the BAU, but always higher in the urban core. Impacts differed between
urban areas and the suburbs but globally, the Ideal scenario reduced the impacts of the 2061 BAU by 34%
DALY. % of car and PT trips were similar for the 2031 and 2061 BAU scenarios but kms travelled by car, CO2
and NO2 increased, due to increased populations.
Drastic urban sprawl impediment and measures to decrease car share appear necessary to substantially
reduce impacts of transportation.
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Aim
To conduct a health economic evaluation of a proposed investment in urban bicycle infrastructure in
Stockholm County, Sweden.
Design
A cost-effectiveness analysis is undertaken from a health care perspective. Investment costs over a 50 year
life cycle are offset by averted health care costs and compared with estimated long term impacts on
morbidity, quantified in Disability Adjusted Life Years (DALYs). The results are re-calculated under different
assumptions to model the effects of uncertainty.
Setting
The Municipality of Stockholm (population 2.27 million) committed funds for bicycle path infrastructure
with the aim of achieving a 15% increase in the number of bicycle commuters by 2030. This work is
informed by a previously constructed scenario, in which records from a number of registers were linked and
111,000 residents with capacity to switch from car to bicycle commuting within metropolitan Stockholm,
were identified.
Results
Morbidity impacts and health care costs attributed to increased physical activity, change in air pollution
exposure and accident risk are quantified under the scenario. The largest reduction in health care costs is
attributed to increased physical activity and the second largest to reduced air pollution exposure among the
population of Greater Stockholm. The expected net benefit from the investment is 5.1% of the 2017
Stockholm County health care budget, and 3.7% after discounting. The cost-effectiveness analysis estimates
a surplus of € 9933 ⁄DALY averted (2017 values). This is extremely effective in relation to the Swedish
threshold value (€ 53,000 per DALY averted). The results remained robust under varied assumptions
pertaining to reduced numbers of additional bicycle commuters.
Conclusion
Investing in urban infrastructure to increase bicycling as active transport is cost-effective from a health care
sector perspective.
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Aim: Transportation sector interventions can influence public health through multiple pathways, including
air pollution and physical activity. Health impact assessments can help describe these health benefits, but
often lack quantification of key pathways. In this study, our goal was to quantify the health benefits of
urban transportation policies promoting electric vehicle (EV) use and replacement of short car trips with
walking and bicycling in Seattle, Washington.
Methods: We compared a business as usual scenario projected to 2035 with intervention scenarios in which
35% of gasoline vehicles were switched to EVs, 50% of car trips less than 1.5 miles were replaced by
walking, and 50% of trips 1.5-5 miles were replaced by bicycling. To quantify changes in air pollution, we
modeled primary traffic-generated PM2.5 and NOx under each scenario at randomly selected residences in
the Seattle area using the Mobile Vehicle Emission Simulator (MOVES) and the Research Line Source
Dispersion Model (RLINE). Using data from a local travel survey, we simulated changes in weekly walking
and bicycling activity resulting from eliminating short car trips. Then, we leveraged the published
epidemiological literature to estimate the annual health benefits in terms of reduced mortality and DALYs
from changes in air pollution and physical activity due to the transportation policies.
Results: We estimated that increasing EV use and active transport would result in 19 (95%CI: 7-31) fewer
premature deaths and 390 (95%CI: 140-650) fewer DALYs per year by reducing NOx and PM2.5 from traffic.
We also estimated 91 (95%CI: 41-129) fewer premature deaths and 13,000 (95%CI: 5,200-19,000) fewer
DALYs each year due to increased physical activity.
Conclusion: This study demonstrated that moving towards cleaner vehicles and active transport can help to
improve air quality and reduce burden of disease. Most health benefits were the result of increased physical
activity due to increased active transport.
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Background/Aim: Increasing active travel is a commonly cited strategy for improving health in urban areas.
Few studies assess trends of walking and cycling across multiple cities. Most studies use jurisdiction-specific
land use data at the neighborhood-level. We model bicycle and pedestrian traffic at 6,342 count locations
across 20 US cities using machine learning approaches and integrating new Google-derived, street-level
variables.
Methods: We build on previous models of active travel by developing a new set of Google-derived variables.
These variables include (1) information on destinations (e.g., restaurants, banks, schools, hospitals) from
Google Place of Interest (POI) data and (2) object identification using deep learning models from Google
Street View (GSV) imagery (e.g., trees, street amenities, vehicles, buildings, water bodies). We merged these
new datasets with traditional Census variables (tabulated using various buffer distances to represent
neighborhood characteristics). We compared use of stepwise linear regression to machine learning to assess
which variables contributed most to improved model performance (e.g., Census-based vs. Google-derived
variables and neighborhood-level vs. street-level variables).
Results: We found that machine learning (as compared to stepwise linear regression) improved model
prediction when using Census-based, neighborhood-level variables (10-fold CV R²: 0.86-0.89). Models that
used only Google-derived variables had similar model performance (10-fold CV R²: 0.80-0.81) to the
traditional Census variables. GSV variables were more important in the bicycle models as compared to the
pedestrian models where POI variables were more frequently selected. This finding suggests that streetlevel interventions may be more effective on bicycles while neighborhood-level interventions may be
needed to promote walking. Models that included both traditional and Google-derived variables performed
similarly to models that used each set of variables individually.
Conclusions: Our results suggest that Google-derived, street-level variables may be a useful alternative to
traditional neighborhood-level variables towards improved prediction of bicycle and pedestrian traffic
volumes.
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Background/Aim: To evaluate environmental prenatal exposures in urban areas and to test viability for a Rio
Birth Cohort Study of Environmental Exposure and Childhood Development (PIPA Project), a pilot study was
conducted from October 2017 to August 2018. The aim of this study was to evaluate the prenatal exposure
to lead in an urban area of Municipality of Rio de Janeiro-Brazil, correlate lead levels in maternal blood and
umbilical cord blood and analyze the association between umbilical cord blood level and birth outcomes
(prematurity, birth weight, birth length and head circumference). Methods: Biological samples of 117
mother-child pairs, born in School Maternity of Federal University of Rio de Janeiro, from October / 2017 to
February / 2018 were analyzed. Maternal blood samples were collected in the third trimester of gestation
and umbilical cord blood at delivery. Lead concentrations in blood were measured with inductively coupled
plasma mass spectrometry (ICP-MS). For the data analysis Pearson correlation and Fisher tests were applied
(p<0,05) Results:32% of the pregnant women and 24% of the newborns had lead blood levels above 5
μg/dL, reference level established by theUnited States Centers for Disease Control and Prevention (CDC) in
2012. The geometric mean of blood lead levels in the maternal blood and umbilical cord blood were
respectively 3.74 μg/dL and 3.85 μg/dL, the Spearman"s correlation was ρ=0.67 p <0.001. According to
Fisher's test there was no association between blood lead levels in umbilical cord blood and the birth
outcomes investigated. Conclusion: These findings contribute to the increase of knowledge regarding
exposure to lead in an urban area. More researches, public health interventions, surveillance program are
needed in order to provide estimates of blood lead levels , to identify sources of exposure and reduce lead,
in Municipality of Rio de Janeiro-Brazil.
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Background/Aim: Per- and poly-fluoroalkyl substances (PFAS) are ubiquitous chemicals that have received
enormous attention due to water contamination and consumer product use. Although previous studies
have explored temporal trends using repeated cross-sectional data, little is known about longitudinal trends
and differential patterns of exposure by population characteristics.
Objective: We examined longitudinal trends of serum PFAS concentrations in midlife women from the Study
of Women’s Health Across the Nation (SWAN) and whether trends differed by menopausal status or race.
Methods: Serum concentrations of 11 PFAS homologues (6 perfluoroalkyl carboxylic acids, PFCAs; and 5
perfluoroalkane sulfonic acids, PFSAs) were measured in 75 midlife White, Black and Chinese women with
blood samples collected in 1999-2000, 2002-2003, 2005-2006, and 2009-2011. Time trajectories were
assessed using mixed-effect models with interaction terms for time with race and menopausal status,
adjusting for age at baseline and study site.
Results: Concentrations of all PFSAs, linear and branched perfluorooctanoic acid (PFOA) decreased
significantly, whereas perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDeA), and
perfluoroundecanoic acid (PFUA) increased significantly from 1999 to 2011. Premenopausal women with
menstrual bleeding since the last visit had consistently lower PFAS concentrations. Temporal trends in PFAS
concentrations varied significantly across racial groups: white women had the highest concentrations of
linear PFOA at baseline but differences between racial groups narrowed over time. Results remained
unchanged with further adjustment for education and financial strain.
Conclusions: Our results suggest significant intra-individual declines in serum concentrations of legacy PFASs
and increase in emerging compounds from 1999 to 2011 in midlife women. These changes are consistent
with the phase-out of PFOA, perfluorooctane sulfonic acid (PFOS) and precursors since 2000-2002.
Postmenopausal women had higher concentrations over time suggesting that ovarian aging might lead to
increased PFAS concentrations. Our findings also indicate that temporal trends in PFAS concentrations are
not uniform across racial groups.
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Background: Arsenic, cadmium, lead, and mercury are among the World Health Organization’s top ten
chemicals of public health concern. Exposure to these toxic trace elements (TTE) presents a potential health
threat to populations in regions undergoing rapid environmental change. The Andean-Amazon region of
Madre de Dios (MDD), Peru, is among the most biologically diverse places in the world; access to this area
has been opened with the paving of the Interoceanic Highway (IOH), which bisects the region.
Deforestation, artisanal and small-scale gold mining, and rapid development increase TTE exposure
opportunities.
Methods: As part of the population-based Investigacion de Migracion, Ambiente, y Salud (IMAS) (Migration,
Environment, and Health Study), we conducted an analysis of exposure to arsenic, cadmium, lead, and
mercury in nails among adults (18+ years) living along the IOH throughout MDD (n=418) in 2014. We tested
for differences by selected individual and household characteristics and local land uses using one-way
ANOVAs and generalized estimating equations.
Results: TTE medians and ranges (ng/g) were: total mercury: 512 (18 – 5,600); total arsenic: 177 (8 – 1,260);
total cadmium: 62 (1 – 3,710); total lead: 734 (112 – 572,000). Mining activities were associated with higher
arsenic, cadmium, and mercury levels. Fishing was associated with higher arsenic, mercury, and lead
concentrations, while household fish consumption was associated with higher concentrations of mercury
and lower concentrations of cadmium. Current smoking was not associated with cadmium. High outliers for
lead were observed.
Conclusions: TTE exposure was heterogenous across the region and overall, was higher than what has been
observed in population-based studies elsewhere. Exposures correlated to mining and fishing activities merit
further investigation. While nails are easy to collect and transport, especially in remote regions of low and
middle-income countries like MDD, other counterintuitive results suggest that nails may be problematic
biomarkers for these elements.
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Background/Aim: Animal and epidemiologic studies suggest that phthalates have adverse reproductive
effects. However, the association of phthalates with risk of uterine leiomyomata (UL), hormone-dependent
neoplasms, is inconsistent. Only cross-sectional and case-control studies have been conducted to date.
Methods: We conducted a prospective case-cohort study of urinary phthalate metabolites with UL
incidence in the Study of the Environment, Lifestyle, and Fibroids (SELF), a cohort of premenopausal Black
women aged 23-35 residing in Detroit, Michigan. Participants underwent transvaginal ultrasound
examinations to identify UL at baseline and follow-up (20, 40 and 60 months). The Centers for Disease
Control measured eight urinary phthalate metabolites: mono(2-ethylhexyl) phthalate (MEHP), mono(2ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono(2-ethyl-5carboxypentyl) phthalate (MECPP), mono-isobutyl phthalate (MiBP), mono-n-butyl phthalate (MBP),
monobenzyl phthalate (MBzP), and monoethyl phthalate (MEP) in a random sample selected at baseline
and all incident UL cases through 60 months (n=764). We modeled cumulatively-averaged creatinineadjusted metabolites (i.e., baseline, 20 and 40 month samples). We examined individual metabolites and
the total molar sum of di(2-ethylhexyl) phthalate metabolites [ΣDEHP(MEHP+MEHHP+MEOHP+MECPP)].
Cox regression models used cumulatively-averaged quartiles to estimate incidence rate ratios (IRR) and 95%
confidence intervals (CI), adjusting for potential confounders.
Results: We detected phthalate metabolites in the baseline urine of 91-100% of participants. Metabolites
were weakly to highly correlated (Spearman correlations=0.19-0.97). We observed a protective association
of MiBP and UL, with an adjusted IRR comparing highest vs. lowest quartiles of 0.71 (95% CI: 0.51-0.97), but
found varying associations with other individual metabolites (IRRs ranging from 0.80 to 1.14). Adjusted IRRs
(95% CIs) comparing ΣDEHP quartiles 2, 3, and 4 (highest) vs. 1 (lowest) were 0.92 (0.67-1.26), 0.62 (0.440.87), and 0.80 (0.58-1.10), respectively. Models using baseline concentrations produced comparable
findings.
Conclusions: In this prospective cohort of reproductive-aged Black women, individual and ΣDEHP molar sum
phthalate metabolites were not strongly associated with UL risk.
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Background
South Africa is the leading pesticide user in Sub-Saharan Africa and more than 700 active ingredients are
registered for agricultural use. However, little is known about the seasonal variations of pesticides in the
environment.
Aim
We aimed (i) to measure the seasonal variations of different pesticides in water and ambient air; (ii) to
assess the relationship between the measured pesticides with spraying records; and (iii) to characterize
environmental and human exposure to cocktails of pesticides.
Methods
The study was conducted in the Western Cape, South Africa between June 2017 and July 2018. We
deployed 36 passive water samples in three rivers (styrenedivinylbenzene disks) and 18 passive air samples
at six locations (polyurethane foam disks). Water and air samples were analyzed for 254 and 78 active
ingredients, respectively. Spraying records were collected from 48 farms.
Results
55 and 16 active ingredients were detected in water and air samples, respectively. The highest levels of
active ingredients were observed during the main spraying season. Good correlation between the spraying
records and the presence in the water of eleven active ingredients was observed. Out of the measured
active ingredients 16 are possibly endocrine disrupting (e.g., thiacloprid and carbendazim) and eight
possibly neurotoxic (e.g., chlorpyriphos and diazinon).
Conclusion
The results suggest that several active ingredients persist in the ambient air and enter surface water,
leading to potential environmental and human health risks. The possible health effects linked to cumulative
exposure to the detected pesticides will be subject to a future health risk assessment in resident
populations.
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Background:
Exclusive breastfeeding is the recommended practice for the first 6 months following birth. Previous studies
have detected phthalates and phenols in breast milk, but the contribution of breastfeeding to an infant’s
exposure to these chemicals is unknown. We hypothesized that breastfed children would have higher
urinary phthalate metabolite and phenol concentrations compared with non-breastfed children.
Methods:
We used data from 295 mother-child pairs in the HOME Study (Cincinnati, Ohio, enrolled: 2003-2006).
Research assistants assessed breastfeeding duration via maternal report when infants were approximately
12 months old. We also quantified concentrations of eight phthalate metabolites and three phenols
(bisphenol A, triclosan, and benzophenone-3) in infants’ urine collected at the same time. We estimated
geometric mean (GM) phthalate metabolite and phenol concentrations by breastfeeding status, after
adjusting for sociodemographic and perinatal factors, as well as urinary creatinine.
Results:
Eighty-two (28%) infants were breastfeeding at age 12 months. After adjusting for covariates, GM phthalate
metabolite and phenol concentrations were 4-25% higher in children who were breastfed at 12 months
than those who were not being breastfed. However, the 95% CIs of these estimates included the null and
were imprecise. For example, urinary concentrations of bisphenol A and di-2-ethylhexyl phthalate
metabolites were 13% (95% CI: -12, 46) and 4% (95% CI: -18, 31) higher, respectively, in breastfed children
compared to non-breastfed children.
Conclusion:
In this cohort, we found little evidence to suggest that breastfeeding is a major source of exposure to
phthalates and phenols in nursing infants. Future studies could consider examining whether plastic feeding
bottles or pumped milk are potential sources of phthalate and phenol exposures among infants.
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Background/Aim
No information is available for the long-term impact of phthalate exposure on thyroid and growth
hormones in children exposed to phthalate-tainted products, after the 2011 Taiwan phthalate episode. We
aimed to investigate the potential sources of phthalate exposure and the associations between phthalates
exposure and thyroid and growth hormones in children exposed to phthalate-tainted products using a
longitudinal follow-up study.
Methods
We recruited 238, 203, and 181 children (2-18 years) in each visit from a RAPIT study from 2012 to 2015.
First-morning urine samples were collected for analyzing 8 phthalate metabolites. Differences in the ratio of
urinary phthalate metabolite levels for exposure categories were evaluated using a questionnaire. Serum
thyroid (triiodothyronine (T3), thyroxine (T4), free T4) and growth hormone (insulin-like growth factor and
its binding protein 3 (IGF-BP3)) levels were measured. A generalized estimating equation model was used to
evaluate the associations between phthalate metabolite levels and children’s thyroid and growth hormone
levels.
Results
The median levels of MMP, ΣDBP and ΣDEHP at visit 1 to 3 were 14.5/19.0/36.4μg/g-creatinine,
0.141/0.163/0.132nmol/mL, and 0.143/0.229/0.222nmol/mL, respectively. We found the most relevant
increasing phthalate exposure source was children who use the plastic food containers have 69-83%
increased of urinary ΣDBP at visit 1 and 2. After adjustment potential confounding factors, we found that
levels of urinary MEP and ΣDEHP were positively associated with T3 (β=0.009, p=0.043) and T4 (β=0.014,
p=0.044), respectively. Besides, urinary MMP level was negatively associated with T4 (β=-0.014, p=0.004),
free T4 (β=-0.013, p=0.001), and IGF-BP3 (β=-0.016, p=0.021).
Conclusions
Our findings support the hypothesis of certain phthalates may disturb the hemostasis of the thyroid and
growth hormone levels in children exposed to phthalate-tainted products. Besides, we observed that
children exposed to tainted-food were still exposed to the considerable level of certain phthalate, which is
possibly correlated with plastic products they used.
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Background: Lead is regulated in Israel in many environmental media and consumer products including
drinking water, foods and children's toys. We identified two regulatory gaps in Israel regarding restrictions
of lead: in paint and in children’s jewelry. In response to testing that we completed, a new standard for
children's jewelry was introduced in 2018 and an updated standard restricting lead in all paints will enter
into force in 2021. Study goals: 1) prior to adoption of standards, assess if unregulated products exceed
international standards; 2) after adoption of standard, assess if children's jewelry comply with new
standards.
Methods: For both paints and children's jewelry, we sampled items on the Israeli market and quantified
lead concentrations. For children's jewelry, we also compared results before and after introduction of the
standard in 2018. Paint and children's jewelry were tested with X-ray Fluorescence Spectrometer (XRF). We
tested 130 parts in 35 jewelry items in 2018 (after new standard came into force), and compared to the
results of a 2016 study (prior to new standard) in which we tested 87 parts in 22 items. In addition, we
tested 17 spray paints and 8 oil-based paints for furniture in 2018.
Results: For children’s jewelry, 23% of parts exceeding the ASTM lead standard in 2016 and 7% in 2018, with
a mean of 559ppm in 2016 and 136ppm in 2018. The median of jewelry parts above LOD was 171ppm in
2016 and 102ppm in 2018. In spray paints we found lead above the ASTM Standard of 90 ppm in 35% of the
products, with a mean of 178ppm. All 8 oil-based paints were below LOD.
Conclusions: Unregulated products such as jewelry and spray paint may contain lead above levels set by
international standards. Testing unregulated products can support regulatory efforts to adopt international
standards restricting lead.
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Background/Aim: Per- and polyfluoroalkyl substances (PFAS) are public health concerns because of
widespread exposure through contaminated foods/drinking water. Although some determinants of PFAS
exposure have been suggested, the role of geographic location and race in PFAS exposure has not been well
characterized. We examined the distributions and determinants of PFAS from the Study of Women’s Health
Across the Nation (SWAN).
Methods: This study includes 1302 women aged 45-56 years from 5 SWAN sites where white women and
women from one minority group were recruited (black from Boston, Pittsburgh, Southeast Michigan,
Chinese from Oakland; Japanese from Los Angeles). We determined concentrations of 11 PFAS in serum
samples collected in 1999-2000. Linear regression with backward elimination was used to identify important
determinants of 7 PFAS detected in more than 97% of participants.
Results: Site and race were two major determinants of PFAS. White women had higher concentrations of
linear PFOA compared with the minority group in Oakland (Chinese) and Pittsburgh (black). Black women in
Southeast Michigan and Boston (vs. white women) had higher concentrations of linear, total PFOS and two
precursors, 2-(N-methyl-perfluorooctane sulfonamido) acetic acid and 2-(N-ethyl-perfluorooctane
sulfonamido) acetic acid (Et-FOASS). Chinese (Oakland) and Japanese (Los Angeles) women had higher
concentrations of perfluorononanoic acid (PFNA) compared with white women in each site. Within white
women, those in Pittsburgh had relatively higher concentrations of all PFAS compounds. Higher intake of
salty snacks including popcorns was associated with higher concentrations of linear PFOA, PFOS,
perfluorohexane sulfonic acid (PFHxS) and Et-FOASS. Menstruation, parity and being born outside US were
associated with lower PFAS concentrations.
Conclusions: Geographic locations and race play an important role in differential exposure to PFAS in US,
with racial burdens differing between PFOA, PFOS and PFNA. Menstruation and parity seem to be important
determinants of PFAS possibly as an elimination route.
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Background: Polybrominated diphenyl ethers, suspected endocrine disruptors, have been replaced by
organophosphate (OPFR) and novel brominated flame retardants (NBFR). OPFRs and NBFRs readily migrate
from consumer products, including furniture and electronics, into dust where humans are exposed via
accidental ingestion and inhalation. Toxicological studies have found potential carcinogenicity, endocrine
disruption, and neurobehavioral alterations from these alternative flame retardants. However, no
comprehensive assessments of exposure to OPFRs and NBFRs have been completed in a longitudinal cohort.
Methods: We quantified concentrations of OPFRs and NBFRs in house dust samples (n=317) collected from
pregnant women (~20 weeks) enrolled in the Health Outcomes and Measures of the Environment (HOME)
Study in Cincinnati, Ohio (2003-2006) . We used multiple regression modeling to identify personal
characteristics that were associated with concentrations of individual chemicals and summary
concentrations for each class. Finally, we estimated personal daily dust exposure for each participant based
on dust concentration and cross-sectional weight data.
Results: Tris(1-chloro-2-propyl)phosphate (TCIPP) (median: 1860 ng/g, range: 70.1-166,000 ng/g), tris(1,3dichloro-2-propyl)phosphate (TDCIPP) (median: 1860 ng/g, range: 55.2-228,000 ng/g), triphenyl phosphate
(TPHP) (median: 995 ng/g, range: 34.1-62,100 ng/g), 2-ethylhexyl-2,3,4,5-tetrabromobenzoate (EH-TBB)
(median: 45.8 ng/g, range: 2.82-7,800 ng/g), and bis(2-ethylhexyl)tetrabromophthalate (BEH-TEBP) (median:
115 ng/g, range 2.17-13,600 ng/g) were all detected in over 90% of dust samples; tris(2chloroethyl)phosphate (TCEP) (median: 759.4 ng/g, range: 56.8-160,000 ng/g) was detected in 80.1% of
samples. Concentrations of individual chemicals, ∑OPFRs, and ∑NBFRs were associated with the number of
people living in the home, race, education, floor type, and visible cleanliness of the room. Daily exposure to
∑OPFRs from dust was 2.1 ng/kg/day based on average dust ingestion and 6.3 ng/kg/day among women in
the 95th percentile of dust ingestion.
Conclusions: This study shows that OPFRs and NBFRs are ubiquitous in childbearing women’s house dust,
and justifies more research on the consequences of exposure in these concentration ranges.
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Background/Aim
Bisphenol-A (BPA) is considered as an endocrine disruptor and it is present in numerous products of daily
use. The aim was to analyze serum BPA concentrations in a Spanish subcohort of the Spanish European
Prospective Investigation into Cancer and Nutrition (EPIC) cohort, as well as to identify factors associated
with these levels.
Methods
A subcohort of 3,553 subjects from 4 EPIC-Spain centers (Gipuzkoa, Granada, Murcia and Navarra) was
selected. Diet information through a personal interview, anthropometric measures and lifestyle variables
were collected at recruitment (1992-1996). BPA levels were measured in serum samples by UHPLC-MS/MS.
Changes in BPA levels (natural log transformed) were assessed by mixed-effects Tobit regression, with the
17 main food groups intake (log2 transformed) as independent variables, adjusted by sex and age and
clustered by center.
Results
70% of samples showed detectable BPA values, with geometric mean 1.19 ng/ml (95% CI: 1.12-1.25). There
were significant differences according to the center, finding the highest values in Granada (1.83 ng/ml) and
the lowest in Gipuzkoa (0.67 ng/ml). By sex, levels were higher in men (1.27 vs 1.11 ng/ml; p=0.01). By age,
an inverted V form was observed, with higher values in the central age group (45-54 years). No association
was observed with the BMI and lifestyle characteristics. Based on the regression models, doubling the
consumption of alcoholic beverages was associated with a 6.5% higher BPA levels in blood (95% CI: 1.5% to
11.8%). On the other hand, a higher consumption of vegetable oils was associated with a 16% lower levels
of BPA in blood (95% CI: -27.2% to -2.6%).
Conclusions
We evidenced differential exposure levels by province, sex and age, but not by anthropometric or lifestyle
characteristics. Consumption of alcohol and vegetable oils were associated with blood BPA levels.
Funding: ISCIII Exp: PI14/00067-PI14/01716-PI14/01880-PI14/00556, Fondos FEDER, AECC 2015
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Aim: Aluminium (Al) is a non-essential metal and neurotoxicant with no known biological function in
humans. This study sought to evaluate the in utero exposure to Al in South African women (rural and urban)
at delivery. It also investigated if there is a synergistic effect between Al and other non-essential neurotoxic
elements such as lead (Pb), cadmium (Cd), mercury (Hg) and arsenic (As).
Methods: A cross-sectional study was conducted in five sites (four rural and one urban) along the coast of
South Africa (n=650). An Agilent 7500ce Inductively Coupled Plasma Mass Spectrometer (ICP-MS) with an
Octopole Reaction System was used to measure element content. The instrument was calibrated with
calibration standards prepared using SeronormTM Trace Elements in maternal serum and whole blood
samples for matrix matching. The statistical analyses were performed using the STATA software package.
Results: Mean concentrations of Al in maternal serum, in both rural and urban sites, were found to be 10.1
(7.95) ug/L (range 0.25-59.42) and 25.5 (23.1) ug/L (range 0.18-60.07), respectively. Spearman’s rank
correlation coefficient (p-value) of the association between maternal serum Al and neurotoxic elements at
delivery showed a significant positive correlation for Pb only (β=0.361; p=<0.001). Concomitant exposure to
Al and Pb was sex-dependent for neonates: males β=0.277, p<0.005 and females β=0.477, p<0.001. In
female neonates, some negative associations were evident between Al in serum, and Hg and As in blood,
but these were not significant.
Conclusions: This study assessed prenatal exposure to Al and found high serum Al levels in the urban site
which were positively associated with Pb levels. Scientific consensus indicates that Al is toxic in all
developmental stages and able to cross the placental barrier, indicating that pregnant women should be
advised to avoid Al exposure during pregnancy, and reduce post-natal exposure of their children to Al.
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Background: Perfluoroalkyl substances (PFAS) have been linked to immunotoxicity in experimental studies.
Although PFAS exposure is associated with altered immune function in epidemiological studies of children,
it is less known whether these findings also hold for adults or elderly individuals.
Methods: We measured a panel of 92 proteins in plasma from 965 elderly individuals from Sweden (all aged
70, 50% women) using a multiplex proximity extension assay including, among others, immune-related
markers such as tumor necrosis factors, interleukins as well as cardiometabolic markers such as monocyte
chemoattractant proteins. Plasma PFAS concentrations were determined using isotope-dilution ultrapressure liquid chromatography coupled to tandem mass spectrometry. We examined associations using
adjusted multivariable linear regression.
Results: Of the 86 protein markers passing quality control and detection frequency >75%, 20 were
negatively associated with levels of five PFAS following adjustment for sex, sample storage time in freezer,
and correction for multiple testing. Associations of some PFAS and hepatocyte growth factor (HGF),
macrophage colony-stimulating factor 1 (CSF-1), and tumor necrosis factor receptor 1 (TNF-R1) remained
significant following further adjustment for smoking, exercise habits, education, energy, and alcohol intake.
In this case, plasma concentrations of perfluorohexane sulfonic acid (PFHxS), perfluorodecanoic acid (PFDA),
and perfluoroundecanoic acid (PFUnDA) were inversely associated with HGF (βPFHxS: -0.11: 95% confidence
interval (CI); -0.17, -0.06; βPFDA: -0.07: 95% CI; -0.10, -0.04, and βPFUnDA: -0.07: 95% CI; -0.11, -0.04).
PFUnDA was further inversely associated with CSF-1 (β: -0.09: 95% CI; -0.12, -0.06) and TNF-R1 (β: -0.07:
95% CI; -0.10, -0.04).
Conclusions: Our findings implicate PFAS exposure with decreased plasma inflammatory markers and
require replication in larger studies.
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Background/Aim: Household dust can contain butylbenzyl phthalate (BBzP) and di-2-ethylhexyl phthalate
(DEHP), which may adversely impact childhood health. Cleaning may lower dust phthalate concentrations,
but the relationship between household cleanliness and urinary phthalates among toddlers is unknown. We
evaluated the association between household cleanliness and concentrations of monobenzyl phthalate
(MBzP), a metabolite of butylbenzyl phthalate, and the sum of di(2-ethylhexyl) phthalate metabolites
(∑DEHP) among toddlers in the HOME Study.
Methods: We measured phthalate metabolites in serial urine samples collected from 312 Cincinnati, Ohio
area toddlers at ages 1, 2, and 3 years (n=714 samples collected from 2004 to 2009). During home visits, we
assessed household cleanliness and classified homes into three groups based on dust buildup, presence of
debris, and evidence of cleaning. We used linear mixed models to evaluate associations between repeated
measures of household cleanliness and log-transformed phthalate metabolite concentrations adjusting for
creatinine and covariates.
Results: Overall, toddlers living in homes with less evidence of cleaning and heavier dust and debris buildup
had higher urinary concentrations of MBzP and ∑DEHP. Compared to urine samples collected from toddlers
living in clean homes (n=412), those collected from toddlers living in homes with only some (n=285) or no
evidence of housecleaning (n=37) had 14% (95% CI= -3%, 35%) and 58% (95%CI= 9%, 130%) higher MBzP
concentrations, respectively, as well as 10% (95% CI= -4%, 26%) and 39% (95%CI= 2%, 90%) higher ∑DEHP
concentrations. We found statistically significant trends in the relationship of household cleanliness with
urinary MBzP (p= 0.016) and ∑DEHP (p= 0.042) concentrations.
Conclusions: Household cleaning may lower toddlers’ phthalate body burden. Future intervention studies
will be useful to test the efficacy of cleaning methods.
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Background: Polychlorinated biphenyls (PCBs) are persistent man-made compounds that are carcinogenic,
neurotoxic, immunotoxic, and act as endocrine disrupters. The AESOP Study is a rural and urban,
community-based, prospective cohort study that assesses airborne and dietary exposures to all 209 PCBs
and 72 OH-PCB metabolites in adolescent school children and their mothers.
Methods: Exposures and risk factors were assessed through demographic, health, dietary (DHQ2),
occupational and activity questionnaires and measurements of blood, urine, DNA, air, and food. We
repeatedly evaluated indoor and outdoor air concentrations of PCBs from participants’ homes and from two
rural and four urban schools over multiple seasons and years. The urban schools were located near a PCBcontaminated shipping canal off Lake Michigan. Air, blood and food samples were analyzed for PCBs using
GC/MS-MS. Whole blood and surficial soil samples were analyzed for toxic metals using ICP-MS.
Results: Concentrations of PCBs inside schools were 1−2 orders of magnitude higher than outdoors and
were generally higher than in homes. Congener air profiles differed between schools and indicated the PCB
sources as both legacy Aroclors and non-Aroclors from building materials. PCBs and OH-PCBs in the serum
of the children showed enrichment of lower-chlorinated congeners compared to their mothers. Breast
feeding was found to significantly decrease PCBs in mothers and increase PCBs in children who were breast
fed. Modeling dietary intake and inhalation exposures (apportioning airborne exposures by time and
location from activity logs) revealed that some children’s PCB inhalation exposure exceeded their exposure
through diet, especially for the lower-chlorinated and more volatile PCBs. The AESOP study also showed
that inhalation at school dominates children’s PCB inhalation exposures.
Conclusions: To enhance children’s environmental health, air concentrations of PCBs in U.S. schools should
be assessed in order to identify high-exposure locations and prioritize schools for replacement or
repurposing.
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Background/Aim: Use of organophosphorus flame retardants (OPFRs) in consumer goods has caused
widespread human exposure. Human data is needed for a better understanding of the potential health
effects associated with OPFRs exposure. In this study, we evaluated the associations between urinary OPFRs
and sex hormone levels in the general US population.
Methods: Using the data from 1987 subjects participating in the National Health and Nutrition Examination
Surveys (NHANES) (2013–2014), we categorized the subjects into four groups based on the quartiles of
urinary metabolite concentrations of OPFRs (Group 1: concentrations fell in 1st quartile; Group 2: 2nd -3rd
quartiles; Group 3: 3rd-4th quartiles; Group 4: 4th quartile). While accounting for age, gender,
race/ethnicity, urinary creatinine, body mass index, education, poverty-income ratio, smoking status,
physical activity, average alcohol drinks/day and examination time, we compared the adjusted geometric
means (aGMs) of serum sex hormone levels among these groups using multiple regression models.
Results: Among adults aged ≥18 years, we observed the levels of sex hormone-binding globulin (SHBG)were
positively associated with urinary levels of bis(1,3-dichloro-2-propyl) phosphate (BDCPP). Adjusted GM of
SHBG for adults in group 4 (aGM: 51.5 nmol/L, 95% confidence interval, CI: 48.1, 55.1 nmol/L) was
significantly higher compared to those in groups 1-3 (aGMs: 45.8-47.0 nmol/L). We observed the SHBG
levels among children aged < 18 years were negatively associated with the urinary levels of dibutyl
phosphate(DBuP). Children in group 4 had significantly lower aGM of SHBG (16.1 nmol/L, CI: 10.3, 25.0
nmol/L) compared to those in groups 1-3 (aGMs: 31.0-40.9 nmol/L). Similar trend for testosterone was
observed in children in group 4 versus groups 1-3 (p<0.01).
Conclusions: The findings from this representative sample of the US general population suggest that
exposures to certain OPFRs may alter steroid hormone levels. Future studies are needed to explore the
mechanisms responsible for these observations.
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Background/Aim: Freshwater fish species in the interior regions of Suriname have elevated concentrations
of mercury thought to be a result of the use of elemental mercury in artisanal and small-scale gold mining
operations. Interior communities rely on freshwater fish for dietary protein. Our aims were to determine
mercury levels in pregnant women and evaluate methylmercury and total mercury relationships among
hair, blood, and urine.
Methods: Pregnant women enrolled in the Caribbean Consortium for Research in Environmental and
Occupational Health (CCREOH) program participated in this project. Concentrations of total mercury (THg)
in hair were determined for 354 women from Paramaribo (coastal capitol), 83 from Nickerie (coastal city),
and 44 from interior communities. THg and methylmercury (MeHg) concentrations were determined in hair,
blood, and urine from an additional 20 women from Paramaribo, 20 from Nickerie, and 35 from interior
communities. Cold-vapor atomic absorption spectrometry and cold-vapor fluorescence spectrophotometry
were used to identify and quantify mercury concentrations.
Results: Women from interior communities have significantly higher concentrations of THg in hair compared
to women from coastal communities. Median levels are 2.2 ug/g (7.0 ug/g [95%-ile]) in the interior, 0.6 ug/g
(2.0 ug/g) in Paramaribo, and 0.8 ug/g (2.1 ug/g) in Nickerie. Concentrations of MeHg are highly correlated
with THg in both hair (r=0.97) and blood (r=0.99) and make up approximately 97% of the THg in hair and
86% of the THg in blood. THg concentrations are highly correlated in blood and hair (r=0.83) and modestly
correlated with those in urine (hair and urine, r=0.64; blood and urine, r=0.70).
Conclusions: THg mercury levels in hair are significantly higher in interior women and often exceed safety
thresholds established by health organizations. Neuropsychiatric testing of children is warranted and
ongoing. Mercury speciation indicates that fish consumption is the most likely source thus informing
possible future interventions.
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Background/Aim:
E-waste recycling at Agbogbloshie consists mainly of collection, dismantling and burning of electronic waste.
Processes involved are highly informal and physically demanding, consisting of varying levels of lifting, torso
bending and twisting, prolonged sitting and standing. These activities are likely to cause musculoskeletal
disorders (MSDs). Thus far, studies on adverse health effects of e-waste recycling have focused ostensibly
on chemicals and/or particulate matter. This study investigated the prevalence of MSDs among e-waste
workers at Agbogbloshie, Accra Ghana; one of the world’s largest e-waste recycling sites.
Methods:
The Cornell musculoskeletal discomfort questionnaire was used to obtain information on the occurrence of
MSDs in 11 specific body regions of 163 e-waste workers. Descriptive statistics was used to summarize
information on MSD prevalence. Chi-squared and regression analyses were used to examine relationships
between e-waste recycling job categories and MSD frequency and severity.
Results:
The study sample consisted of 70 collectors, 73 dismantlers and 20 burners working an average of 6 days
per week, for an average duration of 9.95 ± 2.43 hours per day. Analysis indicated an overall MSD
prevalence of 90% among e-waste workers. The 6 body regions where MSDs were most commonly reported
included the lower back (65%), knee (39%), shoulder (37%), upper arm (30%), lower leg (27%) and neck
(26%) respectively. Significant associations between e-waste job category and the frequency (p = 0.032) and
severity (p = 0.005) of MSDs were found. For collectors the odds of developing knee and lower leg MSDs
were 0.08(0.01-0.67) and 0.17(0.07-0.43) respectively compared to dismantlers. For dismantlers, the odds
of developing MSD in the upper arm was 0.08(0.01-0.67) compared to burners.
Conclusions:
E-waste workers in Agbogbloshie experience an alarmingly high prevalence of MSDs. Reducing the
occurrence of MSDs among e-waste workers will require effecting change through contextually and locally
adapted ergonomic interventions.
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Background: Evidence suggests that diarrhea onset can be influenced by change in climate parameters like
precipitation and temperature. Hence, this study was undertaken to assess the effect of climate variability
on diarrhea burden among children below 5 years of age living in Kathmandu, Nepal.
Methods: We conducted a time-series study using the monthly count of diarrhea (2003- 2013), among
children below 5 years of age living in Kathmandu Nepal. Generalized linear model assuming quasi Poisson
distribution was fitted to estimate the effect of monthly maximum temperature and precipitation on
childhood diarrhea. Seasonality and long term effects were adjusted using natural cubic splines with 4
degree of freedom per year and the lag effect was modeled using distributed lag linear model using, DLNM
package in software R.
Results: In total, 219,774 cases of diarrhea were recorded during the study period with a range between
100 to 4323 cases per month. The results of regression model revealed monthly count of diarrhea to
increase by 8.1% (RR: 1.081; 95% CI: 1.02-1.14) per 1 degree Celsius increase in maximum temperature
above the monthly average, within the same month. Likewise, rainfall was found to have significant effect
on diarrhea with a 0.9% (RR: 1.009; 95% CI: 1.004 -1.015) increase in cases per 10 mm increase in rainfall
above the monthly average, within the same month.
Conclusion: The results of our analysis demonstrated a strong association between childhood diarrhea and
increase in maximum temperature as well as precipitation for Kathmandu, Nepal.
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Background: Hypospadias is the ectopic opening of the male urethra and related in vivo to maternal
estrogenic and/or anti-androgenic exposures. We examined the relationship between maternal exposure to
DDT and pyrethroids and hypospadias in a malaria endemic area. Dichlorodiphenyltrichloroethane (DDT)
and the pyrethroids cypermethrin and deltamethrin are used to control malaria. In vitro, DDT is estrogenic
and its breakdown product, dichlorodiphenyldichloroethylene (DDE) is anti-androgenic. Cypermethrin, and
permethrin are metabolized to cis-3-and trans-3-(2,2-dichlorovinyl)-2,2-dimethyl-cyclopropane carboxylic
acid (cis- and trans-DCCA) and the most common pyrethroid metabolite 3-phenoxybenzoic acid (3-PBA).
Deltamethrin breaks down to the metabolites 3-PBA and cis-(2,2-dibromovinyl)-2,2-dimethylcyclopropane1-carboxylic acid (cis-DBCA). DCCA and 3-PBA are anti-androgenic.
Methods: We measured peripartum levels of DDT and DDE in maternal blood and the pyrethroid
metabolites cis- and trans-DCCA, 3-PBA and cis-DBCA in maternal urine in a birth cohort and examined boys
at age one year for hypospadias (n=359). Due to the high prevalence of phimosis (n=291, 81.1%), which
prevented examination for hypospadias, we restricted analyses to boys without phimosis (n= 68).
Results: Hypospadias was observed in 32 boys. Maternal cis-DCCA, trans-DCCA and 3-PBA urinary
concentrations were significantly associated with increased relative risks (RR) of having a boy with
hypospadias (RR 1.90 (95% CI: 1.31, 2.75), 1.82 (95% CI: 1.27, 2.63) and 1.85 (95% CI: 1.06, 3.22),
respectively). There were no significant associations between DDT, DDE and DBCA and hypospadias.
Conclusions: Boys examined had very high prevalence of phimosis and hypospadias. Mothers with high
urinary concentrations of 3-PBA and DCCA had significantly greater risks of having a son with hypospadias.
This is the first study to report associations between maternal pyrethroid exposure and hypospadias.
Hormonal mechanisms might be involved in the etiology. Given the extensive global use of pyrethroids, our
findings raise health concerns for other populations with high usage for malaria control, home use or
agricultural purposes.
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Background: South Asia is recognised as being highly vulnerable to climate change and is projected to
experience rising temperatures and intensified heatwaves in the coming decades. Although the adverse
impacts of ambient temperature on human health have been extensively documented in the literature, only
a limited number of studies have attempted to quantify these effects for the population in this region.
Objective: The aim of this review is to establish the current state and quality of evidence on the direct
impact of hot and cold temperature on mortality in South Asia, to quantify this relationship and to identify
knowledge gaps. Methods: The databases Pubmed, Web of Science, Scopus and Embase were searched for
quantitative studies, which examined the direct relationship between ambient temperature and all-cause
and cause-specific mortality in South Asia. We considered studies, which used temperature as an exposure
measure as well as those referring to heat waves or combining measures of temperature and humidity.
Study quality was assessed based on the Office of Health Assessment and Translation Risk of Bias Rating
Tool. Until now we have conducted a narrative synthesis on all included studies and we are currently
applying a meta-analytical approach to quantify the relationship between mean daily temperature and allcause mortality. Results: Of the 21 selected publications, 12 focused on India, 8 on Bangladesh and one on
Pakistan. 81 % of the studies reported a positive association between high temperature and mortality, while
48 % also observed an association for low temperature. Effects were found to vary with cause of death, age,
sex, location (urban vs. rural), socio-economic status and lag period. Conclusions: Existing evidence supports
that both high and low temperatures have an impact on mortality in South Asia, but this is limited to studies
conducted predominantly in India and Bangladesh.
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Background: Household Air Pollution from biomass cooking with traditional stoves in poorly ventilated
households is a major cause of morbidity and mortality in low-income settings worldwide. In Rwanda, about
85% of the population still depend on biomass as the primary source of domestic energy, with wood and
charcoal the predominant fuels sources. This study is the first research investigation in urban Rwanda of
indoor PM2.5 and CO levels associated with biomass fuel cooking activities.
Methods: We conducted a household and cooking activity survey among 40 biomass fuel households in
Nyarugenge District, Kigali. In addition we performed air quality monitoring for particulate matter (PM) and
carbon monoxide (CO) within those 20 households in which cooking was performed exclusively indoors.
Pollutant concentrations were measured at one-minute intervals, using the IQ Air Visual Pro sensor (PM2.5)
and electrochemical COA1 (CO) detector adapter devices respectively.
Results: Overall, the majority of households (75%) used exclusively charcoal fuel with the remainder using
wood and charcoal. In the majority of households (90%) in which monitoring was performed, mean
pollutant concentrations were in excess of WHO Air Quality (WHO-AQ) Standards with 24-hour values of 93
µgm-3 and 35.1 ppm for PM2.5 and CO respectively. In those four households where cooking was
performed once daily, average CO concentrations were below WHO-AQ Standards. Charcoal fuel was
associated with lower average concentrations (CO, PM2.5) compared to those households using a mixture
of charcoal and wood fuel (p<0.001).
Conclusion: Our findings suggest that household air quality levels associated with charcoal and wood
combustion in Kigali, Rwanda exceed WHO AQ standards and are in the hazardous range for human health.
Efforts are required to evaluate the impact of household energy policies which facilitate access to cleaner
fuel sources and develop effective structural ventilation, educational intervention measures or behavioural
change campaigns in this context.
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Background/Aim: Household air pollution is considered a major risk factor for pneumonia, the leading cause
of mortality in children under five; evidence from studies with exposure measurements remain sparse.
Leveraging the Ghana Randomized Air Pollution and Health Study (GRAPHS), a cluster-randomized
cookstove intervention study, we prospectively examined exposure-response relationships between
prenatal and postnatal household air pollution exposure and pneumonia in the first year of life.
Methods: Personal 48-hour carbon monoxide (CO) exposures were measured seven times for each motherinfant pair, four prenatally and three postnatally. Weekly fieldworker surveillance followed the WHO
Integrated Management of Childhood Illness (IMCI) protocol to identify ill children for physician assessment.
We employed Quasi-poisson models to determine associations between prenatal and postnatal personal CO
exposure and physician-diagnosed WHO IMCI pneumonia and severe pneumonia in all children and
stratified by child sex.
Results: We enrolled 1414 non-smoking, pregnant women prior to 24 weeks gestation resulting in 1303 live
births. 1122 infants completed follow-up through the first year of life, with 54,768 child-weeks of
fieldworker surveillance. The average prenatal and postnatal CO exposures were 1.3ppm (1.2 SD) and
0.9ppm (1.5 SD), respectively. The IMCI physician-diagnosed pneumonia and severe pneumonia incidence
rate was 0.35 and 0.11 per child-year, respectively. The risk for pneumonia and severe pneumonia in the
first year of life increased by 10% (95% CI 2-19%) and 15% (95% CI 1-29%), respectively, per 1ppm increase
in average prenatal CO. Females were most vulnerable (pneumonia RR 1.16, 95% CI 1.07-1.27; severe
pneumonia RR 1.16, 95% CI 1.00-1.35). No significant effects of postnatal household air pollution exposure
were seen.
Conclusions: Prenatal household air pollution exposure increases risk for pneumonia and severe pneumonia
in the first year of life. Interventions to mitigate this risk by using clean burning technology may be most
effective when begun prenatally.
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Background
Worldwide air quality and it impact are capturing more attention. Indeed, air pollution has detrimental
consequences on the health of populations. This study conducted in Côte d'Ivoire was to implement a
Health Impact Assessment (HIA) in order to quantify the impacts of air pollution levels on the major health
outcomes in five hospitals in Abidjan with regard to air pollution concentration levels, which will provide
new results.
Methodology
Both exposure concentrations and health issues were measured. Relationship between the observed
outcomes and air pollution exposure were estimated using a Poisson Regression model. Relative risks were
determined for each health outcome with PM2.5. Analyses were further separated by district.
Results
PM2.5 Concentrations from the waste burning (Cocody) and traffic (Adjamé) were comparable with annual
averages of 28.51 µg/m3 and 29.69 µg/m3 respectively. In Yopougon, where domestic fires are common,
the annual average is drastically higher at 155.1 µg/m3.
In Cocody, during the rainy seasons alone, up to 22 ER visits and 11 OHC visits could have been avoided,
including 10 deaths. Considering the entire year (26.5 avoided outcomes) and the rainy season (76.7
avoided outcomes), we obtained different results as the HIA for the rainy season was calculated using a
different timeframe at a higher risk level.
Conclusion
We saw an association between PM2.5 concentration levels and respiratory, cardiological, dermatological
symptoms as well as mortality in the metropolitan area of Abidjan.
The highest PM2.5 concentrations were due to biomass burning, seen in Yopougon. Outpatient visits for all
three types of symptoms- respiratory, cardiac and dermatological showed a significant association with
PM2.5 concentrations during the rainy season and respiratory outpatient visits were significant throughout
the entire year.
Overall, we estimated that 143 hospital visits could have been avoided during the rainy seasons of our study
period.

98

The impact of indoor solid fuel use on ethnic differences in child health in Nepal
Lamichhane D1, Kim H2, Leem J3
1

Department of Social and Preventive Medicine, College of Medicine, Inha University, 2Department of Occupational and
Environmental Medicine, College of Medicine, Inha University, 3Department of Occupational and Environmental
Medicine, College of Medicine, Inha University

PDS 72: Environmental health issues in LMIC, Exhibition Hall (PDS), Ground floor, August 28, 2019, 10:30 AM 12:00 PM
Background/Aim
Recent studies suggest ethnic inequalities in air pollution and health. Very few studies have investigated the
role of air pollution on ethnic differences in child health. This study aimed to examine whether the
association between being exposed to household air pollution from burning solid fuels and child health
(stunting, wasting, or underweight) varied by ethnicity.
Methods
The study used child data from the recent Nepal Demographic and Health Survey (NDHS) 2016. Outcome
variables were based on growth and weight anthropometry data, which were analyzed linearly as z scores
and as dichotomous categories. We analyzed the NDHS data for children aged 0-59 months (n = 2373) using
the ordinary least squares (OLS) and instrumental variable (IV) models accounting for the complex survey
design.
Results
We found strong evidence that exposure to solid fuel smoke increases the probability of being stunted, as
well as reduces the height-for-age (HAZ) measure. The difference in means between the HAZ score of
children exposed to solid fuels and those not exposed to it was 0.61. The OLS model estimated that up to
42.6% (β = 0.26, p = 0.010) of this difference is due to exposure to solid fuel, after controlling for potential
risk factors, while the IV model estimated about 67.2% (β = 0.41, p = 0.003) of the difference. The stratified
IV models showed lower HAZ score and stunting among indigenous people compared to the upper caste
people. Further stratified analyses indicated that the impact of solid fuel smoke is stronger among
indigenous people with low household wealth, but did not explain the wealth differences in the impact of
solid fuels among the upper caste people.
Conclusions
Children from indigenous communities are likely to be more susceptible to the health effects of solid fuel
smoke.
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Background: Global warming is impacting ambient temperature with subsequent increased risks for adverse
human health impacts. Temperature and air pollution are often treated as separate risk factors and few
studies have investigated effect modification by temperature on the association between air pollution and
human health outcomes in Africa.
Methods: Individual level respiratory disease (ICD10: J00-J99) hospital admission data for 1 January 2011 to
31 October 2016 were obtained from seven private hospitals located in Cape Town, South Africa. NO2, SO2,
PM10, temperature (converted to Apparent Temperature, Tapp) and relative humidity data for 2011 to
2016 were obtained from the South African Weather Services and the City of Cape Town. A case-crossover
epidemiological study design was applied. The average air pollutant level on the day and the day before
respiratory disease hospital admission (Lag0-1) was investigated. Models were adjusted for confounders.
Days with Tapp below and above the median value were classified as cold and warm days, respectively.
Results: Stratified analysis showed higher modification of air pollution effect on hospital admission for
respiratory disease when the ambient temperature increases. Warmer days indicated strong modification
effect for PM10: 5.4% (3.3%, 7.6%), NO2: 16.1% (11.1%, 21.4%) and SO2: 17.5% (11.2%, 24.0%). The
interaction effect between temperature and air pollution was higher during warm days. Higher modification
effect occurred in ages < 65 years old for hospital admission for respiratory disease.
Conclusion: The findings are important to direct future research and to inform public health interventions.
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Background/Aim: Currently the Chinese government has adopted WHO guideline air quality interim target
values as the national ambient air quality standards values for fine particulate matter (PM2.5), while
population-based evidence was insufficient. The study was to evaluate the association of individual-level
PM2.5 exposure and incidence of disability in activities of daily living (ADL) among the oldest old.
Methods: A total of 15,453 participants aged 80+ (mean age, 92.3 ± 7.3 years) with independent ADL at
baseline were included. Annual average residential PM2.5 exposure with 1 km*1 km spatial resolution was
estimated from satellite observations. Katz index of independence in ADL was used to assess disability from
2002 to 2014. Penalized splines were constructed to fit Cox proportional hazards models to survival data.
Competing risk models were constructed to estimate risk of disability in ADL for each 10 μg/m3 increase in
PM2.5 adjusted for confounders.
Results: Over a follow-up of 71,396 person-years, 3,373 (21.8%) cases of incident disability in ADL occurred.
After adjusting for potential confounders, a J-shaped association existed between PM2.5 exposure with a
threshold concentration of 33 μg/m3, and incident disability in ADL. Above this threshold, the risk
magnitude significantly increased along with PM2.5 concentrations; compared to 33 μg/m3, the hazard
ratio ranged from 1.02 (1.00-1.05) at 40 μg/m3 to 2.26 (1.55-3.29) at 110 μg/m3. The risk magnitude was
not significantly changed blow this threshold. Each 10 μg/m3 increase in PM2.5 exposure corresponded to a
7.6% increase in the risk of disability in ADL (hazard ratio 1.076, 95% CI 1.050-1.103).
Conclusions: The study provided limited population-based evidence for the oldest old and detected a
threshold of 33 μg/m3, which was basically consistent with current WHO air quality guidelines and values of
Chinese national ambient air quality standards.
Keywords: PM2.5, incidence, disability, activities of daily living, oldest old, cohort study.
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The choice of household fuel is vital to address health hazards associated with indoor air pollution due to
the consumption of firewood. SDG 7 and 8 emphasize adoption of modern energy and combat climate
change. This may be unachievable with high dependence on traditional fuel and its avoidable negative
health outcomes on women and children in the developing world. Nigeria ranks high among countries in the
world where citizens depend on biomass burning with spatial differentials across rural and urban divide. The
burning of solid fuel by households has been linked to negative health outcomes among children, especially
Acute Respiratory Infections (ARI). ARI ranked third among the burden of diseases in Nigeria in 2010 while
household air pollution is among the highest cause of the global burden of diseases in Nigeria with serious
impact on the wellbeing of children.
This study quantified the effect of household fuel choice on the health of children under the age of five; a
cross-sectional analysis was undertaken using the Nigeria Demographic and Health Survey to analyse the
health of about 31,482 children in households using various fuel classified as traditional, transitional and
modern cooking energy. The analysis was carried out on children who met the criteria of being ill with
cough 2 weeks preceding interview and children that suffered short and rapid breadth accompanied by
fever.
The result from logistic regression analysis showed that firewood has more disastrous health effect on
children evidenced from its association with fever (40% and significant at 5%), short rapid breath (28% and
significant at 1%) and diarrhea (28% and significant at 5%) in Nigeria. To stimulate sustainable energy use,
reduce over- dependence on the depleting forest resources for biomass energy and negative health
outcomes associated with compromised domestic energy sources, there is need for effective clean energy
interventions.
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Background/Aim: Colombia is one of the Latin American countries with the highest rates of childhood
cancer. Our objective was to conduct a national spatial analysis of potential clusters of acute childhood
leukemia (ACL) and explore their spatial relationship with industrial air pollution sources in two
metropolitan areas of Colombia.
Methods: Data of incident cases of ACL during 2009-2017 was obtained from the National Public Health
Surveillance System and confirmed by the National Cancer Registry using the municipality as spatial unit of
analysis. Analyses of ACL in the metropolitan areas of Bucaramanga and the city of Medellín during 20002015 were conducted at sector-census level using validated data from the local population-based cancer
registries. Industrial pollution sources data were obtained from the environmental local authorities. The
Kulldorff’s circular scan test was used in its localized non-focal version for the national analysis and in the
localized focal-version for the analysis in the metropolitan areas using the centroids of the main industrial
zones as putative sources of pollution. Multivariable Poisson models of ACL rates were built using distance
and direction to industrial sources as spatial variables while adjusting for socioeconomic status.
Results: Seven clusters of ACL were identified in the national spatial analysis, including two clusters in the
metropolitan area of Bucaramanga and the city of Medellín. The Kulldorff’s localized focal test found
significant spatial clusters (p<0.001) around one industrial area in Bucaramanga and two industrial areas in
Medellín. The multivariable models results suggest that the distance effect of the industrial areas is
modified by the directional effect of the wind.
Conclusion: Spatial clusters of incident cases of ACL were identified around three industrial areas in the
cities of Bucaramanga and Medellín. Our findings support the hypothesis that ACL might be related with
industrial pollution emitted to the air in Colombia.
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Background: Extreme temperatures and air pollution both have significant burden on birth outcomes,
however, the effects of short-term exposure to extreme heat and its interaction with air pollution on
preterm birth (PTB) remain unclear.
Objectives: To investigate the short-term effects of different definitions of heatwaves (n=12) and PM2.5
exposure on PTB and further explore interactive effects on the PTB risk.
Methods: Using birth certificate data from Guangzhou, China, we included 249,489 singleton live births that
occurred in the warm season (May 1-October 31) between January 2015 and July 2017. Daily average
concentrations of PM2.5 from 11 monitoring stations and meteorological variables from five weather
stations were used to estimate district-specific exposures. A series of cut-off temperatures and durations
were used to define heatwaves. Distributed lag models (DLMs) using Cox proportional hazard models were
used to estimate the effects of heatwave and PM2.5 exposure during the last week before delivery, and
their additive interactive effect on PTB was assessed by using the relative excess risk due to interaction
(RERI).
Results: For most heatwave definitions used, an increased risk of PTB was observed for the women
experienced at least one heatwave event in the last gestational week, with hazard ratios (HRs) of PTB
ranging from 1.24 (95% CI: 1.01-1.52) to 1.78 (1.48-2.15). The effect estimates increased with the intensity
of heatwave and the effects on later PTB (weeks 35-36) were stronger than those on earlier PTB (weeks 2834). We observed weak effects of PM2.5 during the last week, and a negative additive interaction between
heatwaves and PM2.5 exposure on PTB, with the RERIs<0.
Conclusions: Exposure to heatwaves late in gestation is associated with a greater risk of PTB in Guangzhou.
The finding of the negative interaction between short-term heatwaves and PM2.5 exposure on PTB
warrants further investigation about the potential underlying mechanisms.
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Background: Studies globally reported on health effects due to cold and heat, but research from developing
countries and Africa is limited. Methods: Cardiovascular disease (CVD) admission data (ICD10: I00-I99) were
obtained from seven private hospitals in Cape Town, South Africa for 1 January 2011 to 31 October 2016.
NO2, SO2, PM10, temperature and relative humidity data were obtained from the City of Cape Town and
South African Weather Services. Quasi-Poisson regression models with a distributed lag non-linear model
component were applied. A 21-day lag period for Tapp was investigated. Models were adjusted for
confounders. Susceptibility by sex and age groups (15–64 years and ≥65 years) was explored. Results: Of the
54 818 CVD admissions, 42% and 58% females and males were admitted, respectively. Approximately equal
number of admissions were from 15-64 and ≥65 year olds. The mean Tapp was 16.3 ⁰C. The highest PM10
level was 84.7 μg.m-3. SO2 and NO2 varied between 0.7-45.8 μg.m-3 and 1.4-67.3 μg.m-3, respectively.
PM10 and SO2 levels exceeded the daily World Health Organization guidelines of 50 µg.m-3 and 20 µg.m-3
on 90 and 56 days, respectively. Cold and heat effects were observed. The cumulative RR over the 21-day
lag period for all ages and both sexes was 0.81 95% 0.67-0.97 per ⁰C increase from the 5th percentile (10⁰C)
to the median Tapp (16⁰C). Females seem to be more susceptible to both cold and heat effects. The elderly
seemed to be more susceptible to heat than cold effects: 0.69 95% 0.55-0.85 per ⁰C increase from the
median Tapp (16⁰C) to the 95th percentile (23⁰C). Conclusions: The results can be used in present-day early
warning systems and in risk assessments to estimate the impact of cold and heat in Cape Town. Future
research should expand to the other major cities in the country.
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Background/Aim: Epidemiological studies have suggested that certain subgroups of the population, such as
individuals with Chronic Obstructive Pulmonary Disease (COPD), are susceptible to the health effects of air
pollution, probably due to differences in physiological structure, immune level, exposure pattern, and
disease condition. However, the evidence remains inadequate, and it is not clear if air pollution exacerbates
COPD development via certain biological pathways.
Methods: A nested case-control panel study on susceptibility of individuals with COPD to air pollution in
Beijing (COPDB) was conducted. 53 stable COPD patients and 82 healthy subjects had undergone four
clinical visits during May, 2016 to September, 2017. Samples of exhaled air, exhaled breath condensation,
blood, and urine were collected for measuring biomarkers of inflammation, endothelial function, glycolipid
metabolism, and insulin resistance. Multi-omics analysis, such as whole blood transcriptomics and
metabolomics were conducted to further reveal underlying mechanisms. Gaseous air pollutants along with
detailed chemical components and size distribution of particulate matter were continuously measured
before and during each visits. Linear mixed-effect model was fitted to estimate the association.
Results: Increase in IL-6 in COPD patients could be significantly higher than those in healthy controls with
the increase of the concentrations of CO, NOx, K, Cr, Mn, Fe, Ni, Cu, Ba, and UFPs, depending on the length
of exposure. Increase in health endpoints of systematic inflammation, metabolism, ventilation, and
resistance in COPD patients were significantly higher than those in healthy controls with the increase of
various air pollutants, after 9 days accumulative exposure.
Conclusions: this study provided comprehensive evidences about the susceptibility of COPD individuals to
the health effects of air pollution in aspects of systematic inflammation, metabolism, ventilation, and
resistance.
Acknowledgment: This study was funded by National Program on Key Basic Research Project
(2015CB553401). We thank everyone involved in COPD for their contributions.
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Background. Although strong links for both short- and long-term fine particle (PM2.5) and ozone (O3)
exposures and mortality have been reported, evidence is limited for low air pollution levels, i.e. below the
current national standards.
Methods. We used data from Medicare beneficiaries in the continental United States (2000–2012), and
used spatio-temporal prediction models to assign zip-code level exposures. For short-term effects, we
employed a time-stratified bidirectional case-crossover design and examined the association between
mortality and the average PM2.5 and O3 exposures at the day of the event and the previous day. For shortterm O3 effects we assessed warm-season (April-September) exposures. For long-term effects, we used Cox
models and adjusted for potential confounders. For both analyses we assessed exposure to PM2.5 and O3
simultaneously in the model, to account for potential co-pollutant confounding.
Results. We estimated highly statistically harmful effects in all cases. Specifically, for short-term effects, we
observed a 1.05% (95%CI: 0.95-1.15%) and 0.51% (95%CI: 0.41-0.61%) increase in mortality per 10 μg/m3
increase in PM2.5 and 10 ppb increase in warm-season O3 respectively. There was no evidence of a
threshold in either exposure-response relationships. For long-term effects, we observed a 7.3% (95%CI: 7.17.5%) and 1.1% (95%CI: 1.0-1.2%) increase in mortality per 10 μg/m3 increase in PM2.5 and 10 ppb increase
in O3 respectively. When the analysis was restricted to person-years with exposure to PM2.5 of less than 12
μg/m3 and O3 of less than 50 ppb, we observed a 13.6% (95%CI: 13.1-14.1) and 1.0% (95%CI: 0.9-1.1)
increase in mortality rates, respectively.
Conclusions. In the entire Medicare population there was significant evidence of adverse effects related
both to short- and long-term exposure to PM2.5 and O3. These effects persisted even at concentrations
below the current U.S. national standards. Our findings suggest that these standards may need to be reevaluated.

107

MAPLE: Mortality–Air Pollution Associations in Low Exposure Environments
Brauer M1, Christidis T2, Crouse D6, Erickson A1, Martin R3, Pappin A2, Pinault L2, Tjepkema M2, Weichenthal S4,
Burnett R4
1

The University Of British Columbia, 2Statistics Canada, 3Dalhousie University, 4McGill University, 5Health Canada,
University of New Brunswick

6

.S13: How Low Should We Go? New Health Research on Low-level Ambient Air Pollution, Beatrix theater,
August 28, 2019, 13:30 - 15:00
Background/Aims Fine particulate matter (PM2.5) is associated with mortality, however the range of
applicable concentrations is unknown. We applied novel satellite-based estimates of PM2.5 exposure to
large population-based cohorts, and characterized the shape of the mortality relationship, with emphasis on
the low concentrations (<12 µg/m3) observed throughout Canada.
Methods Annual satellite-based PM2.5 exposure estimates were developed at 1 km resolution across
Canada for 1998-2016 and back-casted to 1981 using remote sensing, chemical transport models and
ground monitoring data. Exposures were estimated for ~8.5 million subjects in three Canadian Census
Health and Environment Cohort (CanCHEC) cohorts, and 540,900 Canadian Community Health Survey
(CCHS) participants, based on residential histories derived from annual tax records. Mortality was linked
until 2016. Sensitivity analyses evaluated adjustment for (individual/contextual/geographic) covariates and
gaseous (NO2, ozone) co-pollutants; exposure time windows and spatial scale. Estimates were evaluated
across strata of age, sex and immigrant status and the shape of the PM2.5 and mortality association was
examined with the Shape Constrained Health Impact Function (SCHIF).
Results Satellite-based PM2.5 estimates were low (mean 3-year averages of 7.4μg/m3 and 5.9 µg/m3 in
CanCHEC and CCHS, respectively) and highly correlated with ground monitors (R2 = 0.82, RMSE=1.5 µg/m3).
In final adjusted models non-accidental mortality hazard ratios (HR) per 10µg/m3 change in PM2.5 were
1.04 (95% CI: 1.04-1.05) in CanCHEC and 1.11 (95% CI 1.04-1.18) in CCHS. In CanCHEC the SCHIF predicted a
sublinear concentration-mortality curve with little increased risk below 5 g/m3, and monotonically
increased HRs above this concentration. In CCHS we estimated a supra-linear relationship to concentrations
below 2µg/m3. HRs were larger for females, younger ages and non-immigrants and attenuated by gaseous
pollutants.
Conclusions In large population-based cohorts exposed to low levels of air pollution with extended followup we observed associations between PM2.5 and non-accidental mortality for concentrations as low as 5
µg/m3.
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Background/Aim
Cohort studies have consistently found associations between long-term exposure to outdoor air pollution
and morbidity and mortality endpoints. Recent evaluations by the World Health Organization and the Global
Burden of Disease suggest these associations may be non-linear and persist at low concentrations. The aim
of our study was to investigate the concentration-response function at low concentrations.
Methods
We pooled nine ongoing cohort studies across Europe with a total of 392,826 participants and seven very
large European administrative cohorts with > 35 million subjects, harmonizing individual and area-level
variables between cohorts. We assessed residential exposure to air pollutants as annual 2010 mean
concentrations of PM2.5, NO₂, O₃ and BC, based on Europe-wide hybrid land use regression models at 100
m spatial scale. We applied Cox proportional hazard models with increasing adjustment for potential
confounders to investigate the association between long-term air pollution exposure and mortality and
morbidity. We also assessed the shape of the concentration-response relationship.
Results
The pooled cohort contributed 7,5 million person-years at risk, whereas the administrative cohorts
contributed 220 million person-years at risk. Average PM2.5 exposure in the pooled cohort was 15.4 (SD
3.5) µg/m³ and 16.0 (1.6) µg/m³ in the administrative cohorts. In the pooled cohort, a 5 µg/m³ increase in
PM2.5 was associated with an HR of 1.13 (95% CI: 1.11, 1.16) for natural mortality. In the meta-analysis of
the administrative cohorts, the same increase in PM2.5 was associated with an HR of 1.05 (95% CI: 1.00,
1.10) for natural mortality. Associations remained significant when exposure was restricted to PM2.5
concentrations below the EPA air quality standard of 12 µg/m³. Splines did not indicate strong deviation
from linearity.
Conclusions
Long-term exposure to outdoor air pollution was associated with natural mortality in large European
cohorts, with associations persisting even at low concentrations.
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Abstract: Epidemiologic studies of air pollution and health play a central role in several import
determinations relating to air quality regulation and estimates of public health benefits. The concentrationresponse relationships derived from such studies can provide critical input into the levels at which National
Ambient Air Quality Standards are set in the United States, levels at which Air Quality Limit Values are set in
the European Union, and levels of the WHO Air Quality Guidelines.
They also are key to estimating both the burdens and economic costs imposed by air pollution exposure, as
well as potential health and economic benefits from actions that reduce exposure. Historically, estimates of
burdens and benefits from exposure to air pollution have been among the highest calculated from any form
of environmental exposure.
The size of the potential air quality benefits, and the costs of taking actions to reduce exposure, have
engendered substantial controversy in every regulatory setting, especially around whether the relationships
of air pollution exposure to health found at higher levels of air pollution continue to extend to the lowest
levels of air pollution. This has led to challenges to the setting of lower ambient standards and limit values,
and efforts to block calculation of benefits from reduced exposures at the lowest levels.
The studies described in this symposium were designed to provide rigorous, high-quality analyses of these
exposure-health relationships at extremely low levels to better inform these important standard setting and
benefits estimation activities. This presentation will review the current state of the debates and actions in
major regulatory arenas (e.g. the EU and US), describe how concentration response information is being
used currently in these settings, and suggest how these new results can enhance the consideration of these
effects and potential benefits at the lowest levels of exposure.
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Per- and polyfluoralkyl substances (PFAS) are a group of man-made chemicals that are environmentally
persistent and highly soluble in water. This group includes the historically used chemicals PFOA and PFOS
and newer or “emerging” PFAS designed to be less environmentally persistent. PFAS are pervasive
contaminants of drinking water. Thousands of emerging PFAS are being produced or are byproducts of
chemical production and have been released to the environment as a result. Additionally other emerging
PFAS are being released to the environment through use of firefighting foams at airports and air force
bases, as a result drinking water sources have been contaminated. Around the globe, communities are
becoming aware of emerging PFAS in their drinking water, with little information about biological
persistence or human health effects. To capture exposure, both biological measures and environmental
measures are needed to identify contaminants and to create appropriate exposure metrics.
This symposium will focus on the diverse populations exposed to emerging PFAS globally, both by chemical
production and use of firefighting foams. In North Carolina, USA, PFAS contamination of the Cape Fear River
by a fluorochemical manufacturing plant resulted in ~250,000 people downstream being exposed to GenX
and other emerging PFAS through their drinking water. Emerging PFAS in both tap water and blood samples
were identified in this population. Similarly, people in Dordrecht, The Netherlands, were exposed to GenX
and other PFAS released by a fluorochemical manufacturer. Use of firefighting foam at the Peterson Air
Force Base in Colorado is believed to be the source of PFAS contamination of drinking water for ~75,000
people. Municipal drinking water highly contaminated with PFAS by firefighting foam was distributed to
~20,000 inhabitants in Ronneby, Sweden for decades. With these four sites, we will highlight the challenge
of understanding PFAS exposure and resulting human health effects.
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Background/Aim: Per- and polyfluoroalkyl substances (PFAS) are environmentally persistent man-made
chemicals that are common water contaminants. Many “emerging” PFAS are produced as byproducts of
PFAS manufacturing and have been released to air and water as a result of industrial operations. In 2017,
~200,000 Wilmington, North Carolina (NC) residents discovered they were exposed to GenX (2,3,3,3tetrafluoro-2-(heptafluoropropoxy)-propanoate) and other emerging PFAS through their drinking water,
which has been contaminated by an upstream PFAS manufacturing plant, potentially since 1980. To address
community concerns, we started the GenX Exposure Study.
Methods: We enrolled 344 adults and children who live in Wilmington, NC, and are served with municipal
drinking water. We collected blood and tap water samples for PFAS analysis. Repeated blood samples were
collected from 44 participants six months apart. Samples were analyzed for emerging PFAS including GenX
and Nafion byproduct 2.
Results: We identified five emerging PFAS in Wilmington, NC, tap water. These PFAS are structurally
different from the historically-used perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS).
GenX was still detectable in water approximately 5 months after the source was controlled, but GenX was
not detectable in blood. However, four long-chain, emerging PFAS, including Nafion byproduct 2, were
found in at least 75% of blood samples. These emerging PFAS were not found in sera from a comparison
group of 20 women living upstream of the source. Following source control, serum levels of emerging PFAS
decreased substantially over six months in 44 participants who provided two blood samples, suggesting
these emerging PFAS have shorter half-lives than PFOA and PFOS.
Conclusions: Wilmington, NC, residents have been exposed to many emerging PFAS and exposure to some
of these chemicals is detectable in blood. These findings highlight the complex nature of PFAS exposure and
the difficulty of assessing exposure for chemicals with a short biological half-life.
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Hexaﬂuoropropylene oxide–dimer acid (HFPO-DA), also known as GenX and FRD-902/FRD-903, is a
perfluorinated substance used in the production of fluoropolymer resins in Dordrecht, the Netherlands. This
involves (permitted) air and wastewater emissions. GenX is under scrutiny of national and European
authorities. The European Chemicals Agency is evaluating GenX as the accumulation/half-life in the human
body is unclear and the substance is possibly carcinogenic to humans. ECHA is also considering including
GenX in the European Candidate List of substances of very high concern (SVHC) for its very high persistence
and very high mobility in the environment and concerns for effects on human health. For the former reason,
GenX is included in the Dutch list of potential SVHCs (ZZS).
The National Institute for Public Health and the Environment (RIVM) assembled available data on the
presence of GenX in the environment and waste streams in the Netherlands (2013-2018). Data were mainly
obtained from governmental organizations (e.g., Waterboards, regional environment agencies,
inspectorates). Data were collected for surface, waste and ground water, soil, crops, and waste streams.
GenX was found in concentrations above the level of quantification (LOQ) in all investigated compartments.
Highest environmental concentrations were found in soil and groundwater (1.3 mg/kg dw and 36 µg/L,
resp.), and in surface water (27.4 µg/L), all on the site of a subcontracting company processing
fluoropolymer resins. Run-off water in a storm drain on the same site, and waste water from the production
facility transported to a municipal waste water treatment plant contained the highest concentrations (6.7
and 4.2 mg/L, resp.). In addition to waste streams related to the production facility, the Human
Environment and Transport inspectorate found high concentrations of GenX in waste streams not related to
the production facility, up to 3 mg/L. Investigations on the source(s) of GenX in these waste streams are
ongoing.
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Background/Aim: Per- and polyfluoroalkyl substances (PFAS) are widespread and persistent environmental
chemicals associated with adverse health outcomes in humans including higher serum lipids. Elevated PFAS
levels were detected in municipal drinking water systems near a US Air Force base, likely related to the use
of aqueous film-forming foams (AFFF). Approximately 75,000 people consumed water from the
contaminated aquifer. We estimated cross-sectional associations between PFAS and serum lipids in a
sample from this community.
Methods: Eligible participants (n=213) were non-smoking adults who resided in the region for ≥2 years
during the period of documented contamination (2012-2015). Non-fasting blood samples were drawn in
June, 2018. Serum was analyzed for 11 PFAS, total cholesterol, high-density lipoprotein (HDL), low-density
lipoprotein (LDL) and triglycerides. Analysis was restricted to four PFAS detected in >90% of participants:
perfluorooctanoate (PFOA), perfluorooctane sulfonate (PFOS), perfluorohexane sulfonate (PFHxS), and
perfluorononanoate (PFNA). Linear regression models estimated associations between PFAS and lipids,
adjusted for age, sex, race and ethnicity.
Results: Mean participant age was 61 years (range: 22-93) and 62% of participants were female. PFHxS was
detected at the highest concentrations (median, 14.8 ng/mL). Median PFOS (9.7 ng/mL) and PFOA (3.0
ng/mL) were higher than the general US population, while PFNA (0.4 ng/mL) was similar. Total cholesterol
and HDL were positively associated with PFOS (6.6 mg/dL cholesterol [95%CI 0.2, 13.0] per ln-unit; 3.9
mg/dL HDL [95%CI 0.6, 7.2] per ln-unit) and with PFNA (10.2 mg/dL cholesterol [95%CI 2.4, 18.1] per ln-unit;
5.6 mg/dL HDL [95% CI: 1.6, 9.6] per ln-unit). No significant associations were found for LDL or triglycerides.
PFHxS and PFOA were not cross-sectionally associated with lipid concentrations.
Conclusions: In this population highly exposed to PFAS via contaminated drinking water, certain serum PFAS
were cross-sectionally associated with an altered serum lipid profile. Follow-up of participants is necessary
to determine long-term effects.
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Background: PFAS contamination of drinking water can result in substantially increased body burdens. In the
municipality Ronneby (30 000 inhabitants) 1/3 of households were supplied with contaminated drinking
water for decades. Very high serum levels of perfluorohexane sulfonate (PFHxS) and perfluorooctane
sulfonate (PFOS), and to a lesser extent perfluorooctanoic acid (PFOA) have been reported in the population
(Li et al 2018). The extensive research program in the municipality will be briefly described.
We here also report water and serum levels for PFAS with 4-10 coal in three different populations - all with
contamination from firefighting foams (AFFF) at military and civil airports: 108 participants from a panel
study in Ronneby (R), 27 airport workers from Arvidsjaur (A) with contaminated water only at work, and 80
persons from Visby (V) with contaminated own wells. Information on water PFAS levels was available from
commercial laboratories. Serum levels were determined at Occupational and Environmental Medicine,
Lund.
Results: The water in Ronneby was totally dominated by PFOS and PFHxS. In contrast, water from Arvidsjaur
had high levels of PFHxS, PFHxA, PFOA, and PFBS (all >200 ng/L). Serum levels (ng/ml) for perfluorinated
sulfonic acids were PFBS max 1.6 (R), PFHxS max 1300 (R), linear PFOS max 680 (R). For the perfluorinated
alkylic acids we observed PFPeA max 0.11 (V), PFHxA max 1.2 (R), PFHpA 2.4 (R), PFOA max 78 (R), PFNA
max 3.6 (R), and PFDA max 1.3 (V).
Conclusion: It is obvious that the profile of PFAS from AFFF in water as well as in serum may vary
considerably. Notably, also PFAS with short chain length may accumulate from drinking water exposure and
should be considered in future research on exposure and health effects. This is an observandum,
considering industry replacement strategies for PFOS and PFOA.
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Accurate and precise residential pesticide exposure assessment during etiologically-relevant time windows
is critical for evaluating relationships with adverse health outcomes. New and traditional residential
pesticide exposure assessment approaches are reviewed, their strengths and challenges discussed, and
future directions suggested.
Questionnaires provide for retrospective exposure assessment and are feasible to administer in large
populations. Self-reported residential pest treatments have been well-correlated with environmental
measurements when combined with auxiliary data. Self-reported distances to treated fields have been
associated with in-home pesticide concentrations. Potential limitations include reporting accuracy and recall
bias.
Biomonitoring offers a direct exposure assessment method, and serum concentrations of persistent
pesticides may reflect past/long-term exposures. For non-persistent pesticides, short half-lives and low
detection frequencies support application in cross-sectional studies or collection of repeated measures.
Pesticides quantified in vacuum dust capture contamination inside the home. The reliability of single
measurements suggests relevance for chronic diseases. Pesticide loadings from surface wipes exhibit
moderate correlations with vacuum dust and self-reported use; results from this lower-cost proxy vary by
wipe material, wetting agents, and surfaces.
Increased availability of land-use data, aerial images, and satellite data have prompted innovation in spatial
models, most relevant for the agricultural drift pathway. These objective approaches can reconstruct
historical exposure across large study populations; accuracy can increase with auxiliary data.
A new non-occupational pesticide exposure algorithm combines weights derived from meta-analyses of
published pesticide exposure data and individual-level questionnaire information to quantify pesticideexposure intensity from the take-home, drift, and residential pest treatment pathways. Strengths include
the inclusion of multiple pathways, retrospective application, and ability to update with new information.
Exposure misclassification remains due to limitations in available data.
Studies with combined approaches hold great promise. Studies with questionnaires/models could
incorporate biological and environmental monitoring in sub-populations to provide critical data for method
evaluation and to elucidate sources and routes.
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The evidence for residential exposure to pesticides due to proximity to agricultural land is sparse. Models
are used to provide input into regulatory risk assessment approaches to ensure pesticides are used safely.
However, as there is limited data, it is also not clear if these models perform appropriately. We carried out a
study to investigate residential pesticide exposure using biological monitoring in a number of areas in the
UK with variety of arable and fruit crops and compared the results with estimates from models used for
regulatory risk assessment. Farmers treating crops with captan, chlormequat, chlorpyrifos or cypermethrin
provided spray event information. Adults and children residing within 100m from the sprayed fields
provided first-morning void urine samples during and outwith the general spray season. Statistical analyses
were carried out to determine if urinary biomarkers of these pesticides were elevated after spray events. In
total, 1518 urine samples from 140 participants were available for analyses, consisting of 523 spray event
and 995 background samples. For captan and cypermethrin, the proportion of values below the limit of
detection was greater than 80%, with no difference between spray event and background samples. For
chlormequat and chlorpyrifos, the geometric mean urinary biomarker concentrations following spray events
were 15.4 μg/g creatinine and 2.5 μg/g creatinine, respectively, compared with 16.5 μg/g creatinine and 3.0
μg/g creatinine for background samples within the spraying season. Outwith the spraying season,
concentrations for chlorpyrifos were the same as those within spraying season backgrounds, but for
chlormequat, lower concentrations were observed outwith the spraying season (12.3 μg/g creatinine).
Overall, we observed no strong evidence indicative of additional urinary pesticide biomarker excretion as a
result of spray events. Consequently, the majority of measured concentrations were well below the
predicted concentrations based on the models used for regulatory risk assessment.
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Adverse health effects from pesticide exposures experienced by people living in close vicinity to agricultural
land have been suggested previously especially in children and older adults, but many studies were
hampered by a lack of reliable exposure data. Efforts to better understand the exposures of residents to
pesticides that live close to agricultural fields are needed. California growers use a large proportion of all
agricultural pesticides applied in the U.S. and a California law mandated a pesticide use registry (PUR) for all
commercial applications since 1972. We have used the PUR data to develop a geographic information
system based pesticide exposure assessment tool that captures short and long-term residential exposures.
A CA-EPA year-long pesticide monitoring program in one of the agricultural communities showed that
applications located near the community and reported to the PUR were closely reflected in air monitoring
results. We will present results from our studies using untargeted ‘omics’ approaches that identified
pathways and potential biomarkers of long- and short term exposures to specific pesticides based on
epigenetic and metabolomic testing in elderly residents and pregnant women. We will summarize important
results from gene-pesticide interaction testing that suggested that exposures at residences and by-stander
exposures at work places are of importance in these communities, in addition to home and garden use and
occupational exposures. To do so, we relied on and compared pesticide measures from several sources
(ambient due to agricultural applications, home and garden use, occupational use) and assessed
interactions with genes responsible for pesticide metabolism or disease mechanisms. This presentation aims
to stimulate a discussion about actions that help safeguard communities from pesticide exposures and
health effects.
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Approximately 5% of the Dutch population, living in less urbanized areas (<1500 addresses per km2), resides
within 50 meters of agricultural fields. This number increases to about 25% of the population when
considering 250 m to agricultural fields. Concerns have been raised about the exposures to pesticides of
these residents and possible associated health effects. Due to the lack of information on exposure levels of
the Dutch (rural) population in relation to pesticide use on agricultural fields, the OBO study was initiated.
The OBO study aimed to assess the exposure to pesticides of residents living within 250 m from an
agricultural field. To address this aim, a study design was applied that combines measurements of
environmental concentrations (outdoor and indoor air, dust from the doormat, vacuumed floor dust and
soil from the garden), personal exposure (urine and hand wipes) and exposure models.
We successfully measured 14 application and 9 off-season periods at 9 bulb-growing locations covering a
variety of applications with varying pesticides. In addition, we sampled from control households (n=16) that
had no agricultural fields in the direct vicinity (>500m). We successfully measured 46 different pesticides
in indoor dust concentrations of 58 residential and 16 control homes and repeated 24hr air concentrations
at 71 residential and 16 control homes. In addition, urinary measurements of 5 selected pesticides (i.e.
asulam, carbendazim, chlorpropham, prochloraz and tebuconazole) were performed among the 192
residents from the homes in the study. Results of both the environmental- and bio-monitoring were
analyzed for patterns over the application season, between residents and controls, and with distance to the
fields. Empirical results were corroborated with a novel model framework allowing the estimation of
environmental concentrations and personal exposures out and inside the home. Detailed results of these
comparisons, currently embargoed, will be presented.
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Background/Aim
Few studies have assessed the effects of policies aimed at reducing traffic-related air pollution. This study
sought to evaluate the expected impacts on air quality and health of four different scenarios (perimeter and
restriction levels) of an intervention to create a low-emission zone (LEZ) in Greater Paris by 2019.
Methods
We evaluated the effects of this intervention on various stages in the full-chain model: pressures (traffic
flows, type of vehicles and related driven kilometers), emissions, fine-scale NO2 concentrations, exposure of
residents and health impacts. We calculated the overall benefits of expected air-pollution improvement in
terms of preventable deaths, cases of three major diseases and some related acute effects: onsets of
ischemic heart diseases (IHD) in adults, onsets of asthma in children and low birthweight newborns. The
impacts were assessed within the LEZ and outside.
Results
The best LEZ option should lower the maximum level of exposure from 55 to 42 µg/m3 in Paris. This
scenario would allow avoiding in 1 year for 9.4 million residents: 340 deaths (-0.6%), which represents
114,300 years of life gained; 170 low birth weights (-4.9%); 130 onsets of IHD (-1.8%); and 2,930 onsets of
asthma (-3.0%). Acute effects could also be prevented: 410 hospitalizations for IHD (-2.5%); and 700
emergency room visits for asthma (-3.4%). Some of these gains concern residents outside the LEZ though
lower reductions of air pollution are expected. Results highlight the benefits of applying the intervention to
a wider zone (including 80 more cities surrounding Paris): moreover it would produce a more equitable
spread of the benefits among the population.
Conclusions
The creation of a LEZ can be difficult to accept by some categories of commuters and economic
stakeholders. This study provides authorities with detailed analyses of implications for policy discussions
and for defining the relevant measures to be taken.
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Background: Regulations to reduce traffic-related air pollution (TRAP) cost 2.3 billion dollars to implement
between 1990 and 2010, yet the cumulative effectiveness of these regulations has not been assessed with
respect to infant health.
Methods: We quantify how regulatory improvements of motor vehicle emissions (and resulting TRAP)
impacted term birth weight between 1996 and 2009 in Texas. We hypothesize that the series of emissions
regulations implemented between 1996 and 2009 yielded improved infant health outcomes among mothers
who reside near a major highway (a high TRAP exposure zone) during pregnancy. We created a populationbased retrospective birth cohort with geocoded residential location data for all births in Texas from 1996
through 2009. Our analysis is restricted to live singleton births in urbanized areas (n=3.7 million), where we
are primarily interested in term birth weight (≥37 weeks gestation). High TRAP exposure is defined by
residence within 300m of a major highway. We implement linear regressions for two-year increments and
adjust for infant demographics, maternal socioeconomic status, and neighborhood context. Additional
sensitivity analyses include an NO2 land use regression model as an alternative exposure and implementing
propensity score matching.
Results: Our unadjusted models show large increases in term birth weight from 1996-1997 (-32g; 95% CI: 35, -29) to 2008-2009 (-18g; 95% CI: -21, -16). In adjusted models, these differences remain but are
attenuated for 1998-1999 (-6; 95% CI: -10, -2) to 2008-2009 (-2g; 95% CI: -5, 1). Results based on NO2 LUR
predictions showed similar associations while propensity score matching results for both exposure metrics
remain similar but attenuated.
Conclusion: Infant health risks associated with exposure to TRAP has reduced over time, paralleling polices
that have reduced tailpipe emissions.
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Climate change poses a risk to human health, and as a result, public health researchers and practitioners
seek out evidence-based interventions to aid in protecting those who will be impacted by climate-sensitive
exposures. As such, there is an urgent need to identify, implement, monitor, and evaluate interventions that
protect human health. To our knowledge, there has been no attempt to formally define and operationalize
what is meant by climate and health interventions. We define climate and health interventions as actions
which aim to disrupt a climate-sensitive exposure from impacting a health outcome, or actions which
develop capacity to respond to climate-sensitive health effects. Here, we will present a typology of climate
and health interventions designed to build adaptive capacity of health systems and their communities (i.e.,
public health adaptation). Our presentation will organize, define, and provide examples of the multitude of
actions public health researchers and practitioners are already doing to enable public health adaptation. We
further demonstrate the many uses of the typology including its application in the design, implementation
and evaluation phases. Lastly, we make the case for rigorous climate and health intervention design,
implementation, and evaluation to grow the evidence base for public health actions that protect against
climate-sensitive exposures.
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Background: Opponents of climate policy sometimes claim that climate change does not exist, or that
warming will not be harmful. A common counterargument is that reducing emissions may be desirable for
other reasons, including to obtain the health ‘co-benefits’ that may result from improved air quality. Studies
have confirmed that the health co-benefits of achieving climate targets may be large, but these scenariobased investigations do not fully answer the question of whether health benefits alone justify meaningful
climate action, in part because they do not account for different ways of achieving those benefits.
Methods: We use the RICE+AIR cost-benefit model to estimate the optimal climate policy when the climate
benefits are zero, thus computing the level of CO2 reductions (‘decarbonization’) that would be best
according to a policy perspective where air pollution is harmful but climate change is not. We perform these
calculations for two different background assumptions. In one, only planned air quality policies are
implemented in the future. In the other, future air quality policy is jointly optimized with climate policy to
compute the genuinely co-optimal policy mix given the comparative costs of each.
Results: If air quality policy proceeds approximately as planned, some decarbonization is warranted for air
quality reasons, even though climate benefits are disregarded. However, the decarbonization is not
sufficient to limit climate change to 2⁰C, as only ~50% of the necessary reductions in CO2 are achieved over
the next century. Furthermore, a large proportion of the associated health benefits may be achieved at
lower cost through end-of-pipe air quality technologies. Results are somewhat sensitive to assumptions
about how to value life-years.
Conclusions: Our study confirms the need to jointly optimize air quality and climate policy options in order
to take the harms from climate change and the benefits from clean air fully into account.
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Background: Worldwide, governments are committing to better waste management. In Australia, only half
the waste generated is recycled. Meanwhile, there is increased demand for energy and increased need to
reduce greenhouse gas emissions. Waste-to-Energy (WtE) processes have economic and environmental
benefits but the health benefits and risks are less clear.
Methods: To summarise current understanding of the health benefits/risks of WtE processes, a critical
literature review was performed by searching the following terms in PubMed: air AND health AND energy
AND waste AND ("energy from waste" OR "waste to energy" OR incineration) AND ("air pollution" OR "air
quality" OR emission). Articles and references were considered if they were published up to and including
the year 2018, and published in English.
Results: We found WtE has been little studied by the health research community. Several studies have
assessed the health implications of waste incineration, and there is evidence that WtE may have less impact
on health compared to waste incineration or fossil fuel combustion. The most comprehensive assessment of
the effects of inhaling emissions showed WtE processes had a 64% lower health risk than incinerating
unsorted municipal waste, but the increased concentration of some items being incinerated may increase
emissions of carcinogens. Improved exposure assessments are required for studies, along with a life-cycle
perspective to evaluate if WtE is harmful to humans, or at least less harmful than other methods of waste
reduction and disposal in the waste hierarchy.
Conclusions: Comprehensive assessments of the environmental impacts of WtE processes should consider
direct pollutant emissions as well as the potential benefits of different waste management strategies on the
community. While some evidence suggest that the health benefits of modern, properly-managed WtE
facilities may outweigh the health risks, life-cycle assessments of waste streams should be conducted to
better evaluate these risks and benefits.
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Background/aim: In response to severe and persistent haze, the Chinese Air Pollution Prevention and
Control Action Plan includes regional coal consumption caps in key northern regions. In Beijing, the
municipal government has designated coal restricted areas throughout the province, offering subsidies to
nighttime electricity rates and for electric-powered heat pumps to replace traditional coal heating stoves.
We compared treated and untreated villages in the Beijing province to investigate three dimensions of
outcomes of the policy: fuel use and economic behavior, subjective well-being, and indoor environmental
conditions.
Methods: Our study design consists of 302 door-to-door surveys in six villages, with one treated and one untreated village in each of three districts chosen to represent different socioeconomic and geographic
conditions present in peri-urban Beijing. We measured indoor temperature and fine particulate matter
levels (PM2.5) in a subset of homes in each village.
Results: Coal use was absent in treated villages in two districts, and significantly lower in the treated as
compared with the untreated village in one district where adherence to the coal ban was not complete. In
homes in the two coal-restricted villages adhering to the coal ban, average (standard deviation) outdoorsubtracted, indoor 24-h PM2.5 concentrations (0.145 (0.218) mg-m-3) were lower compared with untreated
homes (0.275 (0.244) mg-m-3). In the middle-income district, where the transition to electric heating was
complete, satisfaction with life (SWL) and satisfaction with living conditions (SWC) were higher (+0.6 and
+1.0 on the 0–10 scale) in the treated village than the untreated. By contrast, in the least affluent district,
both satisfaction measures were lower (-1.0, -1.5) in the treated village compared with the untreated.
Conclusions: Our results suggest that sudden household energy transition can be effective, given available
technology for leap-frogging to high-efficiency electric heating, and generous public support for the
program.
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Background/Aim: In Arnsberg, Germany, about 40,000 residents had been exposed to Perfluorooctanoic
acid (PFOA) (500-640 ng/l)-contaminated drinking water. In 2006, a human biomonitoring study (Arnsberg’
cohort) revealed 4-8 times increased PFOA-concentrations in participants` blood plasma compared to
reference groups. Soon after detection, PFOA-contamination was significantly reduced by activated charcoal
filtering in the waterworks.
We here report on a follow-up study, which has been conducted eleven years after the first round of the
cohort study. Main study aim was the quantification of the decline of PFOA blood concentrations.
Furthermore, blood lipid levels are reported.
Methods: All former study participants (n=378) were invited to take part in the follow-up study. In 2006, the
participants were sampled through random selection (men) and school entry examinations (mothers,
children). In 2017, personal characteristics including health status and dietary habits were assessed by
questionnaires. Cholesterol in blood plasma was measured with the SYNCHRON® system using reagents for
quantitative determination. PFOA in blood plasma was analysed by solid-phase extraction, highperformance liquid chromatography and tandem mass spectrometry detection.
Results: Participation rate was 49 % (n = 187). PFOA concentrations in blood plasma ranged from 0.2 - 18.3
µg/l with a geometric mean (GM) of 3.3 µg/l (5.5, 2.8 and 2.3 µg/l for men, mothers, adolescents,
respectively). In comparison to PFOA concentrations measured in the first study in 2006 (range from 6.1 to
65.2 µg/l, GM: 24.1 µg/l) a strong decline is observed. Total cholesterol and low-density lipoprotein
cholesterol (LDL-cholesterol) GMs were 214, 218, 162 and 131, 128, 92 mg/dl (for men, mothers and
adolescents). 22 % of the adults exceeded the reference value for LDL-cholesterol (150 mg/dl).
Conclusions: The observed decline of PFOA-concentrations reflects both the discontinued intake via
contaminated drinking water and the decrease of PFOA in the general population.
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Background/Aims: Urinary dialkylphosphate metabolites can be measured in urine and are considered a
proxy of cumulative exposure to organophosphorus pesticides, as 2/3 of those registered by United States
(US) Environmental Protection Agency are metabolized to produce one or more of them. We analyzed
urinary levels of six dialkylphosphate metabolites in US adults, to assess factors associated with the
detectable presence of urinary metabolites, and observe time trends.
Methods: We analyzed urinary levels of Dimethylphosphate (DMP), Diethylphosphate (DEP),
Dimethylthiophosphate (DMTP), Diethylthiophosphate (DETP), Dimethyldithiophosphate (DMDTP), and
Diethyldithiophosphate (DEDTP) in the National Health and Nutrition Examination Survey (NHANES) from
1999 to 2008.
Results: Increasing age, increasing education, BMI between 18.5 and 24.9 kg/m2, and work in agriculture
settings were positively associated with urinary dialkylphosphate metabolite levels ≥ the detection limit
(DL), while smoking and being born in the US were inversely associated with urinary dialkylphosphate
metabolite levels ≥ the DL. Generally, the number of those ≥ the DL decreased over time. Among those ≥
the DL, average levels of DMP increased starting in 2003, of DEP remained consisted between 1999 and
2002, but increased between 2003 and 2006 before becoming level; of DMTP and DMDTP decreased over
time, while average levels of DETP fluctuated. Levels of DEDTP ≥ DL are very low between 1999 and 2004,
and spike between 2005 and 2008.
Conclusion: Based on these results, despite the fact that organophosphorus pesticides were banned for
residential use in the US in 2006, there are still opportunities for exposure in the general population. The
number of people with dialkylphosphate metabolite levels ≥ the DL is decreasing over time; however, in
those with detectable levels, the average metabolite levels appear to be increasing.
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Background/Aim: The exposome concept encompasses all environmental exposures a human is exposed to
from the prenatal period onwards, and calls for assessing numerous exposures, typically using biomarkers.
The amount of measurement error may differ between exposures, possibly influencing the performance of
variable selection models in exposome-health studies. We evaluated this impact, and the efficiency in this
context of two measurement error correction methods relying on the collection of repeated biospecimens.
Methods: In a simulation study, we generated 237 exposures with different amounts of measurement error,
assuming that 1 to 10 exposures linearly influenced a continuous health outcome and that up to 10
biospecimens were available per subject. We applied within-subject biospecimens pooling or regression
calibration (RC), both followed by the deletion/substitution/addition algorithm to estimate the exposurehealth associations, and compared their performances.
Results: In the absence of measurement error, the average sensitivity to identify exposures influencing
health was 75% and false detection proportion (FDP) was 26%. Measurement error decreased sensitivity to
46%, increased FDP to 49% and caused 52% attenuation bias in dose-response functions. When repeated
biospecimens were available, within-subject pooling and RC improved sensitivity (average, 63%), FDP
(average, 37%) and attenuation bias (average, 48%), and performance increased with the number of
available biospecimens.
Conclusions: Exposome studies relying on spot exposure biospecimens suffer from decreased sensitivity and
increased bias and FDP, with greater amplitude for the exposures with the largest amount of measurement
error. Study performances can be improved by collecting repeated biospecimens per subject.
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Background/Aim
Phthalates are recognized as endocrine disrupting chemicals (EDCs) and to limit human exposure to
phthalates exposure assessment is important. Measurement of urine metabolites reflects recent phthalate
exposure. As children are particularly sensitive to chemical exposure and are at higher risk of obtaining longterm negative health effects from exposure to EDCs, this study assesses preschool children’s phthalate
exposure during winter and spring in connection with preschool attendance and weekends, respectively.
Method
Urine samples were collected from 54 children (aged 2 to 6 years) from eight preschools in Sweden. Four
individual evening urine samples were collected during winter and spring in 2016 in connection to preschool
attendance and weekends, respectively. In all, 13 phthalate metabolites associated with seven phthalates
(di-ethylphthalate (DEP), di-n-butylphthalate (DnBP), butylbenzylphthalate (BBzP), di-ethylhexylphthalate
(DEHP), di-iso-nonylphthalate (DiNP), di-iso-decylphthalate (DiDP), di-propylheptylphthalate (DPHP)) were
analyzed. Specific gravity was used to adjust for dilution.
Results
Levels of three out of five DEHP metabolites (mono-(2-ethyl-5-hydroxylhexyl)phthalate (MEHHP), mono-(2ethyl-5-oxohexyl)phthalate (MEOHP), mono[2-(carboxymethyl)hexyl]phthalate (MCMHP)) were statistically
significantly higher (p-values 0.010, 0.013 and 0.021, respectively) in weekend urine samples compared to
samples collected in connection to preschool attendance. In addition, the DnBP metabolite mono-nbutylphthalate (MnBP) was statistically significantly higher (p-value <0.001) in weekend urine samples. The
study does not indicate a difference in exposure due to season. All 13 phthalate metabolites were measured
above the quantification limit (LOQ) in all samples except for the DiDP metabolite
monocarboxyisononylphthalate (MCiNP) in four samples.
Conclusion
All analyzed phthalate metabolites were above LOQ for all participating children, although not in all urine
samples, indicating an overall exposure to phthalates classified as EDCs. As the urinary levels of some
phthalate metabolites were lower after preschool attendance compared to after weekends, is it likely that
restrictions for use of DEHP and DnBP have affected indoor levels and exposure to these chemicals at
preschools.
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Some epidemiological studies have suggested that exposure to perfluoroalkyl and polyfluoroalkyl
substances (PFASs) during pregnancy may affect reproductive outcomes. Most of the studies focused on
maternal blood PFAS levels, while fewer studies evaluating levels in umbilical cord serum. Our study aimed
to evaluate socio-demographic, lifestyle, and dietary factors as the predictors of PFASs concentrations in
cord blood. Umbilical cord blood samples and information on socio-demographic, lifestyle, and dietary
habits were collected from 337 pregnant women during November 2013 to December 2015 in Zhoukou City,
China. 11 kinds of PFASs were analyzed by liquid chromatography-mass spectrometry. Regression analysis
were conducted to assess the associations of serum PFASs with socio-demographic, lifestyle, and dietary
factors. Seven PFASs, including including perfluorohexane sulfonate (PFHxS), perfluorooctane sulfonate
(PFOS), perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA),
perfluoroundecanoic acid (PFUdA), and perfluorododecanoic acid (PFDoA), were detected in > 75% of the
cord blood samples. PFOA and PFOS were the largest contributors to PFAS levels in cord blood, and the
medical concentrations was 1.25 ng/mL and 1.00 ng/mL respectively. The mothers who were older,
primiparous had higher PFAS concentrations. Higher intake of eggplant, pickles, beef, sweet potato, garlic,
rice was associated with higher PFAS concentrations. Whereas intake of milk, green leafy vegetables, and
green leafy vegetables during pregnancy were contributed to the lower PFAS concentrations. Our results
have suggested that age, parity, some dietary factors as the determinants of exposure to PFASs should be
considered in exposure assessment
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Background/Aim: Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants but
in the literature there is relatively little information on level of PAHs exposure in children. The aim of the
presented study was to assess the concentrations of metabolites of PAHs in the urine of 3-year-old children
living in Krakow, Poland and to compare it with levels of exposure in other pediatric populations.
Methods: The study population comes from prospective cohort study conducted in Krakow, Poland. In years
2004–2007 concentration of monohydroxy metabolites (OH-PAHs) were assessed in urine of 218 three-year
old children. The assessed concentrations of OH-PAHs were compared with concentrations of OH-PAHs
reported among children in similar age from different parts of the world. In this report only data concerning
1-OH-pyrene, 2-OH-naphthalene, 2-OH-fluorene and 1-OH-phenanthrene were included.
Results: Of the metabolites analyzed, hydroxynaphthalenes were predominant and constituted almost 73%
of total excreted OH-PAHs, while 1-OH-pyrene was the least abundant - 2.3%. The average concentration of
1-OH-pyrene (0.36 µg/g creatinine) was much lower than among children from Silesia region in Poland, but
in comparison to pediatric populations from other countries, especially high developed ones, was found to
be about twice as high. The average level of 2-OH-naphtalene (8.29 µg/g creatinine) in Polish children was
the highest among compared populations. Also observed urinary concentrations of 2-OH-fluorene and 1OH-phenantrene were much higher compared to levels observed among children from USA, Portugal and
Germany.
Conclusions: The average urinary concentrations of OH-PAHs among Polish children were generally much
higher than observed in other pediatric populations, especially those living in developed countries.
Although, in the literature the most frequently analyzed metabolite is 1-OH-pyrene, its determination seems
to be insufficient to capture real exposure to PAHs.
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Background: Accumulating evidence links prenatal phthalate exposure to poor neurodevelopment, implying
impaired executive function (EF). However, few studies of prenatal phthalate exposure have included a
detailed assessment of EF.
Aim: To evaluate the relationship between prenatal phthalate exposure and EF in preschool children.
Methods: Norwegian Mother and Child Cohort (MoBa) Preschool ADHD Substudy participants provided a
urine sample upon enrollment, at 17-weeks’ gestation, from which 12 phthalate metabolites were assayed.
Amongst the MoBa enrollees, a sample of children with (n=262) or without (n=78) preschool ADHD
symptoms underwent a clinical assessment. The test results characterizing EF were selected for analyses:
inhibition, working memory, and emotional control from the parent- and teacher-completed Behavior
Rating Inventory of Executive Function–Preschool version (BRIEF), statue test from NEPSY, nonverbal and
verbal working memory from the Stanford-Binet intelligence test, and a cookie delay test. Change outcome
score per interquartile range (IQR) increase in phthalates (β) was estimated with multivariable linear
regression, adjusting for maternal (ADHD, BMI, age, parity) and child (birth year, sex) characteristics. To
account for over-sampling by preschool ADHD symptoms, weighted analyses were conducted. We assessed
interactions by sex and confounding by phthalate co-exposures.
Results: An IQR increase in prenatal monobutyl phthalate (MBzP) was consistently associated with poorer EF
measured on all tests. For example, an IQR increase in MBzP was associated with poorer BRIEF working
memory (β: 1.35; 95% confidence interval, CI: 0.7, 1.99), in both sexes. In addition, mono-n-butyl phthalate
(MnBP) and monoisobutyl phthalate (MiBP) were associated with poorer EF, but only among boys (MnBP
and BRIEF inhibition β: 1.16; 95% CI: 0.60, 1.72; and MiBP and BRIEF inhibition β: 1.16; 95% CI: 0.63, 1.70).
Co-exposure to other phthalates did not confound associations.
Conclusion: Elevated prenatal MBzP, MnBP, and MiBP were associated with poorer preschool EF. Some
associations were found only among boys.
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Background/Aim: Prenatal exposure to PBDEs has been shown to interfere with the development of the
nervous system in animal models. A few epidemiological studies also reported that perinatal exposure to
PBDEs was associated with poorer neurodevelopment, but most were conducted in the United States where
exposure levels are noticeably higher than in Canada. We aimed to examine the prospective association
between prenatal exposure to several PBDEs and cognitive development in young children living in Canada.
Methods: We used data from the Maternal-Infant Research on Environmental Chemicals (MIREC) study, a
pregnancy cohort recruited in 10 cities in Canada. We assessed IQ in a subsample of children from 6 cities
(at a median age of 3.3 y; n=550). We used multivariable regression analysis to assess the confoundersadjusted relation between IQ scores and first trimester maternal plasma PBDE levels (congeners 47,153,
100, 99, 28, and 33). Concentrations below detection limit were imputed with regression on order statistics.
Results: The congener with the highest concentration in women’s plasma was PBDE47 (detection rate, 65%),
with a median of 10.0 ng/glipids. The median concentration for the sum of all 6 PBDEs was 24.8 ng/glipids. A
doubling in the sum of PBDEs was associated with lower Full Scale IQ (β, -1.0; 95%CI, -1.7 to -0.3; p=0.005)
and Performance IQ (β, -1.2; 95%CI, -2.0 to -0.4; p=0.004), and marginally related to poorer Verbal IQ (β, 0.6; 95%CI, -1.3 to 0.1; p=0.07), after adjusting for maternal education, maternal age, parity, maternal
country of birth, maternal pre-pregnancy BMI, and age of the child. Similar associations were observed for
PBDE 47. There was no indication of any PBDEs by sex interaction.
Conclusions: Prenatal exposure to some PBDEs may be associated with deficits in cognition, even at the
relatively low plasma levels reported in these Canadian pregnant women.
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Background/Aim: Triclosan exposure may affect thyroid hormone homeostasis and subsequently adversely
impact childhood cognition and behavior. However, there are no studies examining the relationship
between triclosan exposure and children’s academic achievement. Thus, we estimated the association
between gestational and childhood urinary triclosan concentrations with academic achievement scores.
Methods: Using data from 193 8-year-old children from the HOME Study, we quantified triclosan in
maternal and child urine samples up to nine times between the second trimester of gestation (16-weeks)
and age 8-years. When children were ~8-years of age, we administered the Wide Range Achievement Test-4
(WRAT-4). Using multiple informants models, we estimated covariate-adjusted associations of triclosan
concentrations at each exposure period with subtest and composite scores from the WRAT-4 and tested
whether associations differed by exposure period and child sex.
Results: Exposure period modified the associations between triclosan and reading composite scores
(triclosan-exposure period interaction p-value =0.19), but not for the subtest scores. Among all children,
each 10-fold increase in triclosan concentrations at delivery was associated with lower word reading (𝛃:-2.1;
95%CI:-4.1, -0.1), sentence comprehension (𝛃:-2.6; 95%CI:-5.4, -0.3), math (𝛃:-1.9; 95%CI:-4.6, 0.8), and
reading composite (𝛃:-2.5; 95%CI:-4.9, -0.1) scores. However, we did not observe a dose-response
relationship between increasing triclosan at delivery and academic achievement scores. Although child sex
did not modify the associations between triclosan and academic achievement test scores (sex-triclosanexposure period interaction p-values=0.24-0.40), increasing triclosan at age 1-year was associated with
worse word reading (𝛃:-3.3; 95%CI:-7.7, 1.2), sentence comprehension (𝛃:- 7.7; 95%CI:-13, 2.6), math (𝛃:5.8; 95%CI:-12, 0.2), and reading composite (𝛃:-6.1; 95%CI:-11, -1.4) scores in boys, but not in girls.
Similarly, triclosan at delivery was also associated with worse academic achievement test scores among
boys.
Conclusion: Urinary triclosan concentrations at delivery were associated with lower academic achievement
test scores in this cohort of US children at age 8 years.
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Background/Aim: Adverse health effects of perfluoroalkyl substances (PFAS) have been reported including
increased lipid levels, liver damage, thyroid disease. However, limited human data on neurotoxicity of PFAS
is available. Previous epidemiologic studies have reported a potential ‘protective’ association between PFAS
exposure and cognition. PFAS are a peroxisome proliferator-activated receptor agonist in rodents and
therefore can be neuroprotective. However, the human evidence of increased lipid levels contradicts the
PPAR agonist hypothesis. Poor outcome assessment, residual confounding and non-monotonic doseresponse may also explain these findings. To address these gaps, we examined the association of PFAS with
cognitive functions assessed using the Consortium to Establish a Registry for Alzheimer’s disease word
learning and recall tests; the Animal Fluency test; and the Digit Symbol Substitution test.
Methods: We included 903 adults aged 60 years and older from the National Health and Nutrition
Examination Survey (NHANES) 2011-2014. We computed a composite z-score as an average of four
individual cognitive z-scores and used it as the outcome. Linear and generalized additive models were used
to evaluate linear and non-monotonic dose-responses.
Results: With the linearity assumption, perfluorooctanoic acid (PFOA) was significantly positively associated
with cognition z-score after adjustment for age, sex, race/ethnicity, birth place, education, cigarette
smoking, poverty-income ratio, health insurance, food security, physical activity, alcohol and fish
consumption, and NHANES cycle (β=0.07, 95% CI, 0.02-0.12 per doubling increase in PFOA), but no
significant association was found for perfluorooctane sulfonic acid (PFOS) (β=0.03, 95% CI, -0.01-0.06).
Smoothing plots showed non-monotonic dose-responses, especially for PFOS. There was an increasing trend
until around the median and then the slope decreased afterwards.
Conclusions: These findings suggest that the associations between PFAS and cognition may be nonmonotonic. Further studies are needed to elucidate potential biological mechanisms for neurotoxicity of
PFAS in humans, such as disruption of thyroid function and calcium homeostasis.
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Background/Aim: Bisphenol A (BPA) is an endocrine disrupting chemical (EDC) that is extensively used in our
society. Hormone signaling is vital for normal brain development, and BPA interference during foetal
development has been associated with impaired neurodevelopment, primarily as sex-specific behavioural
changes. Due to its health risks, use of BPA in consumer products designed for children is now prohibited in
EU. Instead, BPA is often substituted by Bisphenol S (BPS) or Bisphenol F (BPF). However, no study has
investigated their effect on neurodevelopment in humans. Therefore, the aim of this study was to
investigate if prenatal exposure to BPA, BPS or BPF was associated with cognitive function in children at the
age of seven.
Methods: We analyzed data from 936 mother-child pairs from the Swedish Environmental Longitudinal
Mother and child Asthma and allergy (SELMA) cohort. Levels of BPA, BPS and BPF were determined in first
morning void urine samples collected from pregnant women in median gestational week 10. Cognitive
function was examined at the age of 7 years using the Wechsler intelligence scale for children (WISC-IV).
Association between urinary bisphenol levels and cognitive function in the children was determined using
linear regression models adjusted for potential confounders.
Results: Prenatal BPF exposure was significantly associated with decreased full scale IQ, as well as verbal
comprehension, and working memory subscales in boys, but not in girls. However, BPA and BPS was not
associated with cognitive function.
Conclusion: This study displays that prenatal BPF exposure is associated with cognitive function in boys.
These findings raise concerns about BPA replacement with BPF.
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Background/Aim: Exposure to chemical mixtures, which is prevalent among pregnant women, may be
associated with adverse neurodevelopment.
Methods: In a prospective cohort of 253 pregnant women and their children from Cincinnati, OH (enrolled
2003-2006), we quantified biomarker concentrations of 43 metals, phthalate metabolites, phenols,
polybrominated diphenyl ethers, organophosphate/organochlorine pesticides, polychlorinated biphenyls,
and perfluoroalkyl substances in blood, serum, or urine. We used k-means clustering and principal
component (PC) analysis to characterize chemical mixture exposure among pregnant women. At ages 5 and
8 years, we assessed children’s cognitive abilities using the Wechsler Preschool and Primary Scale of
Intelligence-III and Wechsler Intelligence Scale for Children-IV, respectively. Using linear mixed models, we
estimated covariate-adjusted differences in repeated measures of children’s cognitive ability scores across
clusters, with increasing PC scores, and individual chemical biomarker concentrations.
Results: Geometric mean biomarker concentrations were generally highest, intermediate, and lowest
among women in clusters 1, 2, and 3, respectively. Compared to children born to women in cluster 3,
children born to women in clusters 1 and 2 had lower full scale IQ, performance IQ, and processing speed
scores. For instance, children born to women in clusters 1 and 2 had performance IQ scores 5.1 (95% CI:-9.4,
-0.8) and 2.0 (95% CI:-5.5, 1.4) points lower, respectively, than those born to women in cluster 3. Chemical
biomarkers in the same structural or commercial family tended to load onto the same PC. PC scores and
individual chemical biomarker concentrations were weakly or not associated with cognitive abilities.
Conclusions: In this cohort, cluster membership reflecting combined exposure to phenols, some phthalates,
pesticides, and perfluoroalkyl substances was associated with lower cognitive ability scores in children.
However, individual chemical biomarker concentrations were not associated with cognitive abilities,
suggesting that the cumulative impact of these chemicals on cognition may be different from their
individual effects.

137

OPS 29: Green space and neurological effects
Exposure to the natural environment and rurality is protective of ADHD in a large birth
cohort of New Zealand children
Donovan G, Michael Y2, Gatziolis D1, 't Mannetje A3, Douwes J3
1

USDA Forest Service, 2Drexel University, 3Center for Public Health Research, Massey University

OPS 29: Green space and neurological effects, Room 411, Floor 4, August 28, 2019, 13:30 - 15:00
Background: Several small experimental studies and cross-sectional observational studies have found that
exposure to the natural environment may protect against Attention Deficit Hyperactivity Disorder (ADHD),
or can moderate symptoms in children diagnosed with ADHD.
Methods: We test whether exposure to the natural environment protects against ADHD and whether this
hypothesized protective effect varies across a child’s life course. The sample consisted of all children born in
New Zealand in 1998 (n=49,923). We used Statistics New Zealand’s Integrated Data Infrastructure (IDI) to
identify children with ADHD and define covariates. ADHD was defined using hospitalization and pharmacy
records. Exposure to the natural environment (or “green space”), from prenatal to age 18, was measured
using the Normalized Difference Vegetation Index (NDVI) and land-use data from Landcare Research New
Zealand. We estimated logit models of ADHD incidence controlling for gender, ethnicity, education, income,
smoking status, birth order, and premature or underweight birth.
Results: Children who lived in a rural area after age 2 were less likely to develop ADHD (OR 0.67; 95% CI
0.46-0.98), as were those with increased minimum NDVI exposure after age 2 (standardized OR for
exposure quartile 2 (Q2) 0.84, 95%CI 0.7-1.0; Q3 OR 0.81, 95%CI 0.68-0.96; and Q4 OR 0.66, 95%CI 0.550.81). In early life (prenatal to age 2), neither rural living nor NDVI were protective.
Conclusions: In this first longitudinal study of the relationship between the natural environment and ADHD,
we found that rurality and increased minimum greenness were strongly and independently associated with
a reduced risk of ADHD.
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Background/Aim
There is evidence of improvement on mental health and well-being due to contact with green spaces, but
children have not been sufficiently investigated. We aimed to evaluate the association between residential
exposure to greenness and cognitive development among 7-year-old children and to evaluate nitrogen
dioxide (NO2) as a potential mediator of this association.
Methods
This longitudinal study was based on a cohort of newborns enrolled at delivery in two large obstetric
hospitals in Rome. We assessed cognitive development through the Wechsler Intelligence Scale for
Children-III edition (WISC-III). We estimated residential surrounding greenness, using satellite derived
Normalized Difference Vegetation Index (NDVI), within 300m and 500m buffers around each residential
address at birth. We applied weighted multiple linear regression analyses to study the association between
NDVI and the WISC-III cognitive scores, using the inverse probability weighting methodology to correct for
the potential selection bias. We performed a mediation analysis to evaluate the mediating role of NO2 in
the association under study.
Results
We enrolled 719 children at birth and performed our analyses only on 465 (65%) children with data on
exposure and outcome available. We did not observe any association between the two exposures and any
of cognitive development tests, except for an improvement in Arithmetic subtest (β:0.39; 90% CI: 0.11–0.6)
for an IQR increase in greenness within 500m buffer around home addresses at birth. This association was
partly mediated by reduction in NO2, explaining 35% (90% CI: 7%-62%) of our estimate.
Conclusions
Our findings showed an association between residential surrounding greenness within 500m buffer and
better scores on Arithmetic subtest at 7 years of age; this association was mediated, in part, by reduction in
NO2 exposure. This topic has an important public health implications in supporting green urban planning
policies and promoting children’s health.
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Background:
Although exposure to greenspace has been related with improved mental health, available evidence on a
protective association between this exposure and specific psychopathological and psychosomatic symptoms
has remained limited. The aim of this study was to evaluate the association between residential exposure to
greenspace and mental health among women taking into account a broad range of psychopathological
symptoms related to mental health.
Methods:
Our study was based on data obtained from 1,171 mothers participating in two follow-ups of a populationbased birth cohort, INMA (INfancia y Medio Ambiente), across three Spanish areas, namely Sabadell,
Valencia, and Gipuzkoa. For each participant, residential surrounding greenspace was estimated based on
the average of the satellite-based Normalized Difference Vegetation Index (NDVI) across buffers of 100m,
300m, and 500m around residential address at the time of delivery and 4/5 year follow-up. Symptom
Checklist-90-Revised (SCL-90-R) was applied to characterize participants’ mental health at the 4/5 year
follow-up. Mixed-effects logistic regression models with random centre effect were developed to assess the
associations between controlled for relevant covariates.
Results:
Higher residential surrounding greenspace was associated with lower risk of somatization and anxiety
symptoms. Results were statistically significant for all greenspace buffers sizes for somatization; in addition,
anxiety was statistically significant in the 500m buffer. For General Severity Index, obsessive–compulsive,
interpersonal sensitivity, depression, hostility, phobic anxiety, paranoid ideation and psychoticism
symptoms, we generally observed protective associations but none attained statistical significance.
Conclusions:
Findings from this study suggest a beneficial association of greenspace with mental health conditions,
particularly with regards to somatization and anxiety symptoms. Further studies are needed to replicate
these findings in other settings while shedding light on mechanism(s) underlying such associations.
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Background/Aim
Mental illness costs Canada at least $50 billion annually, due partially to (a) antidepressants and anxiolytics
being among the ten most commonly prescribed drugs and (b) prescription drug costs representing the
fastest-rising source of Canadian health-sector expenditures. Although research has linked exposure to
bluespace, such as rivers and oceans, and greenspace, such as parks and street trees, to mental health
benefits, very few studies have examined relationships between natural spaces and the psychotropic
prescriptions related to mental illness.
Methods
This nested case-control study applied twelve residential postal-code level measures from a Natural Space
Index (NSI) previously developed for greater Vancouver, Canada to population-based incident
antidepressant and anxiolytic prescription dispensation data. Cohort members residing in the region who
received a relevant dispensation in 2008-2012 were matched to controls based on age and sex. Conditional
logistic regression models were used to quantify the effects of natural space exposures in samples ranging
from 304,455 to 816,741 members in size, depending on exposure measure. Models were adjusted for arealevel socioeconomic status, population density, and walkability.
Results
In adjusted models, the presence of ten additional street trees within 100-500 meters of a residential postal
code was associated with a 1-4% reduction in the odds of incident dispensation, with larger reductions for
smaller buffers and for antidepressants alone. Higher surrounding residential greenness (a 0.1-point
increase in the Enhanced Vegetation Index) was linked to a 3% decrease for antidepressant dispensation
and a 2% decrease for any dispensation. Associations with other measures, particularly binary access to
natural spaces and park quality, were mixed.
Conclusions
This is the first known study to link individual natural space exposures with population-level psychotropic
prescription data. The findings indicate benefits for both street trees and surrounding greenness, while
highlighting the need to further define accessibility and bluespace measures.
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Background
Exposure to greenness has been associated with beneficial effect on cognitive and behaviour development.
However, so far no studies addressed intelligence as outcome. We studied if the level of urbanicity can
modify the association between residential greenness and intelligence and behaviour in children.
Methods
Intelligence was assessed with the Wechsler Intelligence Scale for Children-Revised (WISC-R) in 614 children
(307 twin pairs) between 7 and 15 years old. From a subset of 436 twins neurobehaviour was determined
based on the Achenbach Child Behaviour Checklist (CBCL). Prenatal and adulthood residential addresses
were geocoded and used to assign greenness indicators. Mixed modelling was performed to investigate
greenness in association with intelligence and problem behaviour while adjusting for potential confounding
factors.
Results
We found that the association between residential greenness and both IQ and behaviour in children was
modified by the degree of urbanicity (p for interaction = <0.0001). In children living in an urban
environment, multivariable adjusted mixed modelling analysis revealed that an IQR increment of residential
greenness (3000 m radius) was associated with a 2.7 points (95% CI: 1.4 to 4.0; p=0.0008) higher total IQ
and 2.3 points (95% CI: -4.4 to -0.3; p=0.03) lower child behaviour total score. In children residing in a rural
or suburban environment no association between residential greenness indicators and IQ or behaviour was
found.
Conclusions
Our results indicate that children living in urban regions might benefit more from residential greenness than
children living in rural areas. These findings are relevant for policy makers and urban planners designing
urban environments to create an optimal environment for children to develop their full neuro-cognitive
potential.
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Background: Green spaces such as parks and forests are suggested to confer health benefits, such as
protective neurocognitive effects, to those individuals regularly exposed to them. Possible mechanisms for
greenspace exposure to act on cognition range from facilitation of cognitive restoration to lower levels of air
pollution. Some literature to date has demonstrated neurocognitive health benefits for greenspace
exposure among children. There is limited information on the role of residential greenspace exposure in the
elderly on the risk of cognitive decline.
Methods: The Gingko Evaluation of Memory Study (GEMS) is a well-characterized cohort of U.S. adults aged
75 years or older evaluated for dementia. After geocoding participant residences, several greenspace
metrics were combined to create a composite residential greenspace exposure. Normalized difference
vegetative index (NDVI) values were combined with polygon and buffer based assessments of percent park
overlap and linear distance to nearest park. The outcome was all-cause dementia evaluated prospectively
over 8 years using neuropsychiatric evaluations, MRI, and consensus adjudication by study neurologists.
Preliminary analyses of all-cause dementia utilized Cox proportional hazards regression, unadjusted and
adjusted for potential confounders.
Results: Of 3069 GEMS participants 3048 were successfully geocoded. Preliminary analyses using Cox
proportional hazards modeling showed that high residential greenness (~30% of the sample) was associated
with reduced risk of dementia (HR=0.79, 95% CI: 0.74–0.83) in unadjusted models. With the model adjusted
for demographic and behavioral characteristics, treatment arm, census tract median income, and
Apolipoprotien E4 status, the association was partially attenuated (HR=0.92, 95% CI: 0.85–0.98), but
remained statistically significant.
Conclusions: We observed a modest relationship between residential greenspace exposure and all-cause
dementia among the elderly. Our findings will motivate additional longitudinal analyses in this cohort
characterizing specific sub-types of dementia and assessing exposures at earlier times in the participant’s
life.
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Background
Ambient air pollution is a top risk factor for human morbidity and mortality in the present day. Climate
change can affect the distribution and composition of tropospheric air pollutants and magnify their health
impacts. This study aims to evaluate change in air pollution related health impact under different climate
change scenarios.
Methods
With emissions projected under the Representative Concentration Pathways (RCP) 4.5 and 8.5, air pollutant
concentrations have been simulated using the North Carolina State University’s modified online-coupled
Weather Research and Forecasting Model with Chemistry, which downscaled their modified global
Community Earth System Model. Using projected levels in present-day (2001-2010) and in a future decade
(2046-2055), we evaluated change in health impacts of PM2.5 for 218 major U.S. counties, summarizing
changes between these two decades in: 1) decadal average concentrations; 2) decadal total numbers of
days exceeding U.S. Environmental Protection Agency health-based regulatory standards; and 3) decadal
total excess number of cardiovascular and respiratory hospitalizations attributable to PM2.5, taking
population vulnerability and temporal variation of concentration-response function into consideration.
Results
In our preliminary results, more than half of the counties demonstrated decrease in total number of PM2.5
exceedance days under both scenarios. For most counties, we observed decreases in decadal average
PM2.5 concentrations and decadal total excess number of both respiratory [RCP4.5: median -38 (1st
quantile to 3rd quantile -138.5, -8.8); RCP8.5: -56 (-165.0, -11.1)] and cardiovascular [RCP4.5: -282 (-658.2, 117,5); RCP8.5: -389 (-907,9, -186.2)] hospitalizations attributable to PM2.5. We also observed spatial
heterogeneity in all three metrics of change.
Conclusions
Under both RCP4.5 and RCP8.5, adverse health outcomes associated with PM2.5 exposure are projected to
decrease in most large U.S. counties, with a few exceptions. Further investigation into details of the spatial
heterogeneity in changes would help optimizing climate mitigation policies and local adaptation.
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Background/Aim: Globally, 4.2 million people die prematurely every year because of their chronic exposure
to outdoor air pollution. Many initiatives are being taken worldwide to reduce this pollution, especially in
cities where air pollution is preeminent. To support decision, it is important to estimate the health impact
and economic cost of future interventions. This research aims to estimate the gains attributable to the
improvement of the air quality in the Brussels Capital Region (BCR) in terms of reduction of premature
deaths and related economic cost.
Methods: We used AirQ+ to quantify the impact of long term exposures to PM2.5, NO2 and black carbon on
all-cause (natural) and specific mortality for the year 2015. The following estimates were computed:
number of attributable cases; proportion of cases in each category of air pollutant concentration, and Years
of Life Lost (YLL). We estimated the value of a YLL using the thresholds (< 3 GDP) proposed by the World
Health Organization (WHO) for a gain of one quality adjusted life year (QALY), adjusted for age reference
utilities. All analyses were done at the commune administrative level and for different scenarios of air
quality.
Results: Preliminary results show that, for the year 2015, 2.01%(1.31 - 2.65) of all-causes mortality were
attributable to air pollution (PM2.5) in the BCR. Reaching WHO guidelines for PM2.5 during a period of 10
years could potentially save 7,646.09 (4,669,67 - 9,452.55) YLL. These YLL represent a value of at least 282
million euros.
Conclusion: This research provides findings on expected health effects and related economic gains due to
the improvement of the air quality in the BCR. It would help decision makers to evaluate the cost
effectiveness of future actions aiming at tackling air pollution.
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Background/Aim
Previous studies found the climate change-related factors have led to the overall decrease in the DTR during
recent decades. Therefore, the DTR-related excessive mortality is also anticipated to be decreased.
However, recent studies investigated the increase in DTR-related mortality in warmer climate conditions.
This result provides hypothesis that the DTR-related excess mortality may not be reduced under climate
warming. Thus, this study aims to observe the effect of future diurnal temperature range, and to predict the
diurnal temperature range-related excess mortality under climate change scenarios in multi-country scale.
Methods
We collected historical time-series data covering mortality and weather variables from 24 countries from
1972 to 2015, and estimated an association between an average temperature and the DTR-related risk of
mortality using a meta-regression model. Current and future daily mean temperature series were projected
under four scenarios of greenhouse gas emissions from 1971–2099, with five circulation models. We
projected the DTR-related excess mortality under each climate scenario of greenhouse gas emissions, with a
consideration for positive interaction between local average temperature and the DTR-related mortality.
Results
We estimated future excess deaths related to DTR under various climate scenarios and showed that the
expected DTR-related excess mortality from the interaction model was higher than of those when
interaction was not considered in the total population. In addition, as the emission conditions were higher
for greenhouse gas emission scenario, the greater the DTR-related excess mortality was predicted.
Conclusions
This study reports that the DTR-related excess mortality may exist in the near future. Given climatic
warming, this study also shows that the DTR-related excess mortality is expected to be higher compared to
the results from the models without DTR-temperature interactions.
On behalf of the MCC Collaborative Research Network.
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Background
Travel activities in cities of the developing world have been increasing dramatically. In Mauritius, the health
of urban residents is worsening due to higher levels of air pollution caused by emissions from motor
vehicles and decrease in physical activity related to mobility. To better understand the links between
environmental exposures and health outcomes, we estimate the health impacts caused by different travel
pattern scenarios in the city of Port Louis.
Methods
We use different counterfactual scenarios to estimate health impacts. For each scenario, we estimate
changes in exposure to air pollution, heat and physical activity. To build the baseline scenario, we use
results from 514 travel surveys to estimate trip generation, trip distribution and mode choice models. Each
survey provides data on individual-level socio-economic status and travel diaries. Two counterfactual
scenarios were build based on projections for 2030: a scenario based on the introduction of a light-rail
transit system (LRT) and a scenario based on a car-less visionary model implying high levels of walking and
cycling and low levels of motorised transport (NMT: non-motorised transit). We calculate benefits using a
health impact assessment methodology based on modal shift.
Results
Findings suggest that it is possible to gain significant environment and health co-benefits in both the LRT
and NMT scenarios. Particularly, the introduction of a LRT system results in use of active modes of transport
(walking or cycling) and a decrease in air pollution exposure.
Conclusion
Major health benefits can be achieved by shifting travel patterns towards more sustainable transport modes
in Port Louis. It is crucial to maximise the benefits of urban transport planning by providing information on
the health outcomes of particular measures and raising awareness within policy-making spheres. More
research is need on the modelling challenges faced in countries with scarce quantitative data for Health
Impact Assessment.
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Health impact assessment primarily uses single pollutant model results for concentration-response
functions (CRFs), partly due to larger numbers of studies available and partly due to effect transfer from the
pollutant measured with more error to the pollutant measured with less error in multi-pollutant models,
complicating their interpretation.
Results using single pollutant models may be presented separately, added ignoring the possibility of overlap
in the results, given as a range from no overlap to full overlap or one pollutant may be chosen as an
indicator, potentially underestimating the result.
The Committee on the Medical Effects of Air Pollutants (COMEAP) compared the combined mutually
adjusted hazard ratios per interquartile range (IQR) for NO2 and PM2.5 (range 1.024 to 1.09) with the
respective unadjusted hazard ratios within each study – these were similar or a bit greater than the largest
single pollutant hazard ratio (range 1.023 to 1.15 per IQR). This bypasses the problem of effect transfer by
considering the pollutants together. Application of this to health impact assessment was explored, although
the bypassing of effect transfer may not apply to the same extent if applied in contexts where the relative
concentration ranges of the two pollutants are different.
Effect transfer in multi-pollutant models in time-series studies is influenced not only by the commonly
discussed correlations between the pollutants but also by the magnitude and variance of the errors and the
correlation between them. Evangelopoulos et al (submitted) estimated typical values for these parameters
from a review of the literature and used these to correct multi-pollutant model CRFs. Using European error
parameters, this demonstrated a 4% underestimation of the adjusted CRF for PM2.5 and a 31 %
underestimation of the adjusted CRF for NO2, as a result of measurement error.
Future directions to rationalise approaches in this area will be discussed.
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Introduction
The health impacts of environmental factors have been monetised in many cases. Economic assessments of
health benefits have been repeatedly used as part of the evidence base, in order to inform decisions and
policies, like in the case of air pollution, given the magnitude and reliability of its health impacts.
Methods
Using available burden of disease data and established methods, the willingness-to-pay value of mortality
and morbidity due to indoor and outdoor PM2.5 was estimated for 48 of the 53 countries in the European
Region of WHO. The outcome and the methodology is compared and contrasted with applications for other
risk factors, such as soil contaminants.
Results
The societal cost of PM pollution was USD 1.57 trillion for 2012 (USD 1.27 trillion for outdoor only) for all
countries combined. Adjusted country-specific estimates, expressed as percentages of national GDP, ranged
between 0.3% (Norway) to 33.5% (Serbia). This percentage is below 1% for only 4 of 48 countries (Finland,
Iceland, Norway and Sweden). The variability also depends on different values of statistical life (VSL),
ranging from USD 440,000 (Tajikistan and Uzbekistan) to USD 6.3 millions (Luxembourg).
Conclusions
These estimates provide overwhelming support to the case for the cost-effectiveness of many measures to
reduce air pollution across Europe, addressing transport, urban heating and industry and combining pricing,
investment and regulation. However, the magnitude of the estimated costs raise difficult questions of
interpretation and communication and invites a close scrutiny of the numerous assumptions and
approximations involved. Comparison with the economic costs assessed using other methods and/or for
other environmental risk factors, seems to be essential for a better use of this kind of evidence.
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Background: There is increasing evidence from epidemiological studies that maternal exposure to ambient
fine particles (PM2.5) can trigger pregnancy loss. However, few of these studies were performed in the least
developed countries of Africa, which have the highest incidences of pregnancy loss (including miscarriage
and stillbirth).
Methods: The study collected 42,952 mothers who reported both pregnancy loss and at least one normal
delivery in the African Demographic and Health Surveys (1998–2016). Gestational exposure to PM2.5 was
evaluated using a state-of-the-art estimator based on both satellite measurements and chemical transport
model outputs. Each case of pregnancy loss was compared with the successful delivery control(s) of the
same mother. We evaluated the association between gestational exposure to PM2.5 and occurrence of
pregnancy loss using a conditional logistical model with multiple adjustments.
Results: Each increment of 10 μg/m3 PM2.5 was associated with an excess risk (ER) of 12.2% (95%
confidence interval [CI]: 10.7–13.7) for pregnancy loss, including miscarriage (ER = 12.5%, 95% CI: 10.9–
14.2) and stillbirth (ER = 9.4%, 95% CI: 5.1–13.8). The association with miscarriage was robust, regardless of
differences in adjusted covariates, exposure assessment approaches, control definitions, or subpopulations.
For stillbirth, we found that maternal age and low socioeconomic status enhanced the effect of PM2.5.
Conclusions: Our findings add to the related epidemiological evidence on the health impacts of poor air
quality and support public health interventions to improve maternal health in Africa.
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Background/Aim: Mothers’ exposure to ambient air pollution, including black carbon (BC), during pregnancy
has been associated with several adverse birth outcomes. In this regard, particle transfer across the
placenta has been suggested, yet to date, no direct evidence in a real-life human context exists. Here, we
screened placental tissue for the presence of BC as part of the combustion-derived particulate matter.
Methods: Placental BC load was determined in the framework of the ENVIRONAGE (ENVIRonmental
influence ON AGEing in early life) birth cohort study. We exploited the non-incandescence related whitelight generation by carbonaceous particles following femtosecond pulsed illumination to screen the
collected placentas for the presence of BC particles. This novel cutting-edge optical technique allows to
screen placental tissue for the presence of BC particles in a biocompatible and label-free manner.
Results: BC was identified in all screened placentas, with an average (SD) particle count of 0.95 x 10⁴ (0.66 x
10⁴) and 2.09 x 10⁴ (0.96 x 10⁴) particles/mm³ for low and high exposed individuals, respectively.
Furthermore, the placental BC load was positively associated with mother’s residential BC exposure during
the entire pregnancy (n=20; r=0.55; p=0.012). Each 0.5 µg/m³ increment in residential BC exposure during
pregnancy resulted in 38.45% higher placental BC load. Moreover, the carbonaceous nature of those
particulates and their placental embedment to preclude external contamination were confirmed.
Conclusions: Identification of BC particles on the fetal side of the placenta provides compelling evidence
that ambient particulates can be transported towards the fetus and represents a plausible explanation for
the observed detrimental health effects from early life onwards.
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Background: Although the etiology of placental abruption remains poorly understood, determining whether
ambient air pollution exposures trigger abruption may provide important insights into environmental
determinants of this complication.
Aim: We evaluated the associations amongst fine particulate matter ( PM2.5) and nitrogen dioxide (NO2)
with abruption.
Methods: We undertook a prospective cohort analysis of deliveries in New York City (2008-2014). We fit Cox
proportional hazards regression coupled with distributed lag non-linear models to evaluate the rate of
abruption in relation to continuous monthly PM2.5 and NO2 exposures from one-month pre-pregnancy and
across trimesters in pregnancy. Associations are reported from co-pollutant analysis, adjusted for
confounders.
Results: The prevalence of abruption was 0.9% (6025 of 685,908 pregnancies). Compared to PM2.5 <12
&mu;g/m&sup3 (<75th percentile), exposure to PM2.5 &ge;15 &mu;g/m&sup3 (&ge;95th percentile) in the
third trimester was associated with higher abruption rate (hazard ratio [HR] 1.68, 95% confidence interval
[CI] 1.41, 2.00). Compared to NO2 <26 ppb (<75th percentile), exposure to 26-29 ppb (75-94th percentile;
HR 1.11, 95% CI 1.02, 1.20) and &ge;30 ppb (&ge;95th percentile; HR 1.06, 95% CI 0.91, 1.24) of NO2 in the
first trimester was associated with higher rate. Compared both PM2.5 and NO2 <95th percentile in the third
trimester, rates of abruption were increased with PM2.5 and NO2 &ge;95th percentile (HR 1.44, 95% CI
1.15, 1.80) and PM2.5 &ge;95th percentile and NO2 <95th percentile (HR 1.43 95% CI 1.23, 1.66). Women
consistently exposed to PM2.5 &ge;95th percentile between one-month pre-conception through all 3
trimesters were associated with higher abruption rate (HR 1.74, 95% CI 1.06, 2.86).
Conclusions: High exposures to PM2.5 in the third trimester and NO2 in the first trimester are associated
with increased risk of abruption. This suggests that these exposures may be implicated as important
environmental triggers of premature placental separation through different pathways.
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Background: There is good evidence that particulate matter (PM) with aerodynamic diameter <10 μm
(PM₁₀) exposures is associated with reduced birthweight. However, most studies have limited information
on the sources of pollution as well as maternal residential mobility.
Methods: Data were obtained from the Avon longitudinal study of pregnancy and childhood (ALSPAC)
cohort consisting of 15,445 births in the Bristol areas, with mothers recruited during pregnancy in 19901992. Source-specific PM₁₀ exposures for road, local and background (long-range) sources were estimated
using dispersion models and assigned to pregnancy trimesters based complete maternal residential history.
Information on birthweight outcomes were obtained from birth records. Maternal sociodemographic and
lifestyle factors were obtained by questionnaires. We used linear regression models for continuous
outcomes (birthweight, head circumference (HC), and birth length) and logistic regression models for binary
outcomes (preterm birth (PTB), term low birth weight (TLBW) and small for gestational age (SGA)).
Results: In fully adjusted models, per IQR of 6.87 µg/m³ increase of total PM₁₀ exposure in the third
trimester, odds of PTB increased by 14% (OR: 1.14, 95%CI: 1.00, 1.29) and odds of TLBW increased by 38%
(OR: 1.38, 95%CI: 1.13, 1.69).There were very small positive effects of PM₁₀ exposure in the first trimester
on HC and birth length, of uncertain clinical significance. Significant associations were only found for total
PM₁₀ but not for source-specific PM₁₀.
Conclusions: This study provides evidence for adverse effects of maternal PM₁₀ exposures from all sources,
particularly during the third trimester, on birth weight outcomes. These findings further support
environmental health policy to improve air quality and enhance population health.
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Background/Aim: Studies of preterm birth (≤37 weeks) in association with air pollution have primarily
examined chronic average exposures for whole pregnancies/trimesters. Utah is known for valley air
inversions which cause relatively short intervals of high exposure to particulate matter <2.5 microns
(PM2.5). We examined peak exposures to evaluate whether experiencing particularly high levels during any
week of gestation was associated with preterm risk.
Methods: PM2.5 was estimated by modified CMAQ models. We classified peaks as a weekly average of >35
ug/m³, which is the US 24-hour regulatory standard, or >18.23 ug/m³, the 95th percentile in our data.
Clinical information, including gestational age, was derived from electronic hospital records for 112,203
pregnancies among 50,005 women delivering at 20 Utah hospitals.
Results: The preterm birth rate was 7.7%. During each week of gestation, 9.5-13.0/1,000 pregnancies were
exposed to an average PM2.5 >35 ug/m³ and 50.6-67.0/1,000 exposed to >18.23 ug/m³. At least one peak
exposure week was experienced in 33.5% of pregnancies. Modified Poisson regression models with
generalized estimating equations to control for multiple pregnancies to the same woman were adjusted for
maternal age, race/ethnicity, BMI, smoking, alcohol use, parity, insurance status, marital status, asthma and
ambient temperature. For each first trimester peak exposure week, the relative risk (RR) of preterm birth
increased 5-6% (>35 ug/m³ RR=1.06; 95% CI=1.01-1.11; >18.23 ug/m³ RR=1.05; 95% CI=1.02-1.07). Similar
results were seen considering the proportion of peak weeks over the whole pregnancy with 3-4% increases
(>35 ug/m³ RR=1.04; 95% CI=1.00-1.08; >18.23 ug/m³ RR=1.03; 95% CI=1.01-1.05) and during the first 28
weeks with 2-3% increases (>35 ug/m³ RR=1.03; 95% CI=0.99-1.06; >18.23 ug/m³ RR=1.02; 95% CI=1.011.04). Second trimester results were null.
Conclusions: We found that even one high week of exposure, particularly in the first trimester, was
associated with increased preterm birth in a population of low-risk women.
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Background: Some previous studies have suggested that traffic-related air pollution is associated with
adverse fertility outcomes, such as reduced fecundability. The purpose of this research is to investigate if
PM2.5 exposure prior to conception is associated with reproductive assisted births.
Methods: We obtained all live and still births from the Massachusetts state birth registry with an estimated
conception date between January 2002 through December 2008. All births requiring fertility drugs or
assisted reproductive technology (ART) were identified as cases. We randomly selected 1,000 infants
conceived each year to serve as a common control group. Cumulative PM2.5 exposure was assessed using
4-km spatial satellite remote sensing, meteorological and land use spatiotemporal models at geocoded birth
addresses for the year prior to conception. We calculated crude and adjusted fertility treatment odds ratios
(ORs) and 95% confidence intervals (CI) per 10 µg/m3 increase of PM2.5 exposure. Analyses of complete
data were adjusted for demographic, socioeconomic, and reproductive characteristics of the mother.
Results: Our final analyses included 12,063 reproductive-assisted births and 13,673 controls. Cumulative
PM2.5 exposure during the year prior to conception was inversely associated with fertility treatment in the
unadjusted analyses (OR: 0.73; 95%CI: 0.63,0.84). After adjusting for maternal age, race, education,
insurance status, parity, smoking, and year of birth, PM2.5 exposure was no longer significantly associated
with fertility treatment (OR: 0.96; 95%CI: 0.77,1.20). As expected, maternal age was a significant predictor
of fertility assistance, with women 35 and older having a 60-fold increase in odds (95% CI: 33, 108) of
fertility treatment compared to the youngest age group (<20 years).
Discussion: We did not find evidence to support the relationship between maternal traffic related air
pollution exposure and a reproductive assisted birth. Future work will assess additional exposure windows
and control of residual confounding.
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Background
A broad range of environmental contaminants are suspected to affect child behaviour. Most of the
epidemiological studies looking at the associations with child behaviour focused on one compound or family
of compounds. Studies relying on an exposome-based approach are needed to simultaneously screen
several contaminants.
Aim
To assess the associations between prenatal exposure to 52 environmental contaminants and child
behaviour.
Methods
We included mother-child pairs from the European Human Early-Life Exposome (HELIX) cohort for whom
child externalising and internalising behaviour was assessed using the Strength and Difficulties
Questionnaire (SDQ) between 3 and 7 years (N = 708 mother-child pairs from 5 European cohorts).
Exposure biomarkers from maternal urine and blood allowed assessing prenatal exposure to 52 chemicals
including phenols, phthalates, organochlorine compounds, polybrominated diphenyl ethers, perfluoroalkyl
substances, organophosphorus pesticides, metals and cotinine. We run one adjusted negative binomial
regression per exposure and outcome to study the associations with the SDQ internalizing and externalizing
scores.
Results
We observed positive associations, suggesting increased behavioural problems, between maternal urinary
concentrations of bisphenol A (Incidence Rate Ratio, IRR (95% confidence interval, 95%CI)=1.04 (1.01; 1.08)
for each doubling in urinary concentration) and mono-n-butyl phthalate (IRR=1.04, 95%CI, 1.00; 1.08) and
child SDQ externalising scores. Negative associations were observed between maternal blood
concentrations of copper, an essential metal (IRR=0.76, 95%CI, 0.59; 0.96), polychlorinated biphenyl-138
(PCB-138, IRR=0.92, 95%CI, 0.85; 0.99) and the SDQ externalising scores as well as between perfluorooctane
sulfonate (PFOS) blood concentration (IRR=0.93, 95%CI, 0.87; 0.99) and SDQ internalizing score. None of
these associations remained significant after correction for multiple testing.
Conclusions
The association observed between bisphenol A and externalising SDQ score was consistent with previous
reports among children of similar age. Other associations should be interpreted with caution since they
were not consistent with previous studies or were studied for the first time (copper).
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Background/Aim: Poly- and perfluorinated alkyl substances (PFAS) are used in industrial processes and
consumer products. Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS), two PFAS,
have been phased out of use in the United States because of their biological and environmental persistence,
widespread detection in human sera, and concern over adverse health effects. However, other PFAS have
not been well studied. Thus, we aimed to describe exposure to a suite of PFAS – the perfluorome – in order
to characterize profiles of exposure to a broad range of PFAS.
Methods: We quantified serum concentrations of six PFAS with targeted methods, and conducted
untargeted high-resolution metabolomics profiling of serum from 114 8-year old children from Cincinnati,
Ohio. We performed Principal Component Analysis (PCA) to characterize serum PFAS profiles.
Results: We annotated 178 PFAS measured by untargeted methods and categorized 137 them into families
based on their chemical structures. The first three principle components (PC) explained 20% of the variation
of these 137 PFAS. Fluorotelomer-related compounds loaded strongly on the first three PCs. Perfluoroalkyl
carbonyls, including PFOA, also loaded strongly on PC2. PFOS loaded strongly on PC5, in addition to
perfluorohexane sulfonic acid (PFHxS), and perfluorodecanoic acid (PFDA). Notably, correlations between
targeted and untargeted methods were strong (r ≥ 0.9), except for PFOA (r = 0.45) and perfluorononanoic
acid (PFNA; r = 0.24).
Conclusions: In this cohort, we tentatively identified 178 different PFAS in 8-year old children’s serum. Two
families of PFAS (fluorotelomer-related compounds and perfluoroalkyl carbonyls), representing exposure to
chemicals used in surfactant and surface protection products and their production, were important in
explaining the variance of the perfluorome. Future studies should evaluate the potential health risks
associated with exposure to these other PFAS.
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Environmental and molecular epidemiological studies commonly assess single or a few pollutants in relation
to a single ‘omic (e.g. epigenetic shifts). This ‘omic measurement is assumed to represent a biological
response in relation to an exposure and/or to signify a biomarker/precursor that may underlie disease
pathology; however, such an approach is likely misrepresentative of true biological processes underlying
environmentally-driven health. Additionally, molecular processes are likely mediators between exposures
and health/disease states, yet are not examined as such due to the large dimensionality of ‘omics data for
mediation analysis. Within the concept of the exposome, it is also imperative that we assess multiple
pollutants and other risk factors together with multi-omics. To address these complexities, we present
methods with practical applications to determine cross-omics responses that mediate multiple-pollutantassociated health outcomes within a large European study of Exposomics. Using Bayesian kernel machine
regression (BKMR) counterfactual mediation methods, we demonstrate how to estimate the effects of
complex mixtures on cross-omics responses (identified through sparse partial lease squares methods) as
mediators of health outcomes. These methods are exemplified, with two practical applications using an
exposome approach, where cross-omics responses of the epigenome, transcriptome, metabolome, and
proteome that lie on the causal path between exposure to air pollutants and cardiovascular disease (CVD)
and between prenatal exposure to multiple air pollutants and birthweight are assessed. Cross-omics
mediation methods may represent more biologically relevant signatures of molecular mechanisms, and
identify mechanistic paths of interacting genes and pathways. This multi-pollutant, cross-omics mediation
approach can greatly improve causal inference, signifying the importance for these methods in
environmental molecular epidemiological studies and exposome studies.
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Background: Several studies provide evidence for effects of single environmental factors on allergic
diseases. By using an exposome approach, however, the effect of multiple environmental exposures can be
investigated. The aim of the study was to evaluate the association between a broad spectrum of prenatal
and postnatal environmental exposures and allergy-related outcomes in children.
Methods: A total of 1270 mother-child pairs from the European Human Early-Life Exposome (HELIX) cohort
were included. We analysed the association between 90 prenatal and 107 postnatal exposures and allergyrelated outcomes in 6-11 years old children. Outcomes were rhinitis and itchy rash (both last 12 months),
doctor-diagnosed eczema and food allergy ever from parental questionnaires. Two regression methods
were used for prenatal and postnatal exposomes separately: the exposome-wide association study,
considering exposures independently, and the deletion-substitution-addition (DSA) algorithm, considering
all exposures simultaneously.
Results: The prevalence of rhinitis, itchy rash, eczema and food allergy was 25%, 17%, 21% and 10%,
respectively. Using the DSA approach, prenatal exposure to mono-4-methyl-7-oxooctyl phthalate and
inverse distance to nearest road were associated with an increased risk of rhinitis, whereas particulate
matter absorbance was associated with a decreased risk. Prenatal exposure to traffic density on nearest
road was associated with an increased risk of itchy rash, and monoethyl phthalate and passive smoking with
a decreased risk. No other significant associations were found for prenatal or postnatal exposomes in either
of the statistical approaches.
Conclusion: Our findings suggest that prenatal exposures to some phthalate metabolites, passive smoking
during pregnancy, air pollution and traffic-related variables are associated with rhinitis or itchy rash in
childhood. By using the exposome approach, problems of selective reporting can be avoided, as well as
confounding by other exposures and false positive results. Furthermore, this approach can be used to
prioritise environmental exposures to be included in further investigations.
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Background
Untargeted metabolomics analyses include unannotated feature sets in which a subset of features are
annotated. In a cohort of preschool (<5 years old; n=99) Ugandan children with cerebral malaria (CM), the
cerebrospinal fluid (CSF) metabolome was measured during hospitalization. CM is the most severe form of
malaria and has been associated with long-term behavioral impairment. Child Behavior Checklist (CBCL)
scores were measured in children with CM 12 months after the children’s hospitalization to analyze
behavioral outcomes. Our objectives are to detect CSF metabolome features associated with CBCL scores,
and to determine the overlap between analyses using only annotated features and the full feature set.
Methods
CSF metabolomic features were measured using liquid chromatography mass spectrometry (LC-MS). We
assessed full feature sets separately from annotated metabolites with 80% detection across samples. We
performed single-chemical analyses using false discovery rates for multiple comparisons. To accommodate
the correlation among the components, we included a weighted quantile sum regression with a random
subset ensemble step (WQSRS). Covariates included subject age, sex, socioeconomic status, z-scores of both
weight and height, and retinopathy status.
Results
In the unannotated feature set, we found 3 features significantly related to CBCL scores. In the annotated
features set, 12 metabolites had significant linear associations with CBCL scores. In the mixtures WQSRS
index, the unannotated features in the top 10% of weights included components that were not annotated,
demonstrating that the annotated analysis missed key features.
Conclusion
Our results indicate that considering only annotated metabolites misses features in the full features set in a
study of children with CM in the association between a CSF metabolome and behavioral outcomes. The
unknown features identified to be linked to CBCL scores and not included in the annotated set provide
potentially important future areas of inquiry.

160

Assessment of plasma metabolomic biomarkers in various pediatric diseases
Kong S1, Hernandez-Ferrer C1
1

Boston Children's Hospital

OPS 59: The Exposome: progress in methods and applications, Room 412, Floor 4, August 28, 2019, 13:30 15:00
Background
Metabolites that are direct read-outs of the functional status of cells, tissues, and organs can be more
closely associated with phenotype compared to other omics profiles. Previous studies showed the analytical
validity of metabolomic platforms and demonstrated a utility in interpreting the impact of genetic variants.
Methods
To explore the utility of metabolomics in the context of precision medicine, we used an untargeted ultrahigh
performance liquid chromatography-tandem mass spectroscopy to characterize plasma samples collected
from generally healthy individuals and a deeply phenotyped cohort with various pediatric diseases.
Results
A total of 1244 metabolites including 224 xenobiotic compounds were quantitatively measured for 169
individuals and thus revealed complex correlation structure within and between metabolic pathways. As
proofs-of-concept, perturbations of phenylalanine and tyrosine metabolic pathways in a patient with
phenylketonuria and carbohydrate metabolism in patients with diabetes mellitus were recapitulated as well
as highlighting other biomarkers such as 1,5−anhydroglucitol for monitoring glycemic control. We
discovered multiple metabolites that were significantly associated with different diseases using an
exposome-wide association analysis framework. Amino acids showed significantly changed in patients with
congenital heart diseases, and multiple lipid compounds were significant for Crohn’s disease. Notably, gut
microbial products showed different concentrations with the use of antibiotics. Each xenobiotic compound
showed a distinct correlation pattern with endogenous metabolites.
Conclusions
Untargeted metabolomics could be a powerful precision medicine platform in itself or in combination with
WES. The impact of exogenous exposures such as microbial products, drugs and environmental toxicants
can be directly estimated by monitoring internal exposome, enabling the discovery of novel diagnosis and
treatment biomarkers in diverse diseases. A repository of metabolomics data is required, which will enable
the comparison between different platforms and concentrations of thousands of metabolites across
individuals.
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Worldwide, over 140 million individuals are exposed to arsenic (As) in drinking water above 10 μg/L, the
WHO safety standard. The methylation of ingested arsenic (As) forms mono-methyl (MMA) and dimethyl
(DMA) arsenicals, facilitates urinary As (uAs) elimination, and potentially reduces As toxicity. Higher MMA%
in urine has been associated with a greater risk for cardiovascular disease, skin lesions, and various cancers.
Conversely, lower MMA% in urine has been associated with increased risk of diabetes-related outcomes in
populations from the US and Mexico. Methods. To estimate the association between body mass index (BMI)
and uAs metabolites in Bangladeshi populations this study examined a total of 1606 (783 male and 823
female) participants from the Folic Acid and Creatine Trial (FACT), Folate and Oxidative Stress (FOX), and the
Health Effects of Arsenic Longitudinal (HEAL) adolescent ancillary studies. Multiple linear regression models
were used to analyze the relationship between BMI and uAs metabolites. Results. uAs metabolites were
associated with BMI in females in all three studies. For instance, the adjusted mean difference (95%
confidence) in BMI for a 5% difference in MMA% and DMA% for the FACT study was -0.74 (-1.24, -0.25)
kg/m2 and 0.46 (0.18, 0.75) kg/m2, respectively. Across all studies, lower MMA% was associated with higher
BMI levels in females. Conclusions. While the reason underlying the sex-specific findings is unclear, we
speculate that it may be related to differences in body fat and/or hormone levels. These data are consistent
with negative associations between MMA% and diabetes-related outcomes in previous studies. The current
analyses were cross-sectional and reverse causality is possible. Future studies are needed to evaluate these
sex-differences, especially during adolescence as it is a period of hormonal change, and determine whether
the relationship between BMI and As methylation influences risk for As-related health outcomes.
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Background/Aim: Exposure to lead, mercury and cadmium have been associated with neuromotor deficits,
whereas for the essential elements selenium and manganese, both deficiency and excess can result in
decreased neuromotor function. Data is lacking to determine whether such risks – deficiency or excess – are
present in the general population. We aimed to investigate associations between hand grip strength and
blood lead, mercury, manganese, cadmium, and selenium concentrations.
Methods: We used data from the National Health and Nutrition Examination Survey (NHANES, 2011-2014),
on 6199 participants ages 20-79y, with generalized regression models for complex survey sample to assess
associations between the afore-mentioned elements and grip strength, adjusting age, education,
race/ethnicity, income-to-poverty ratio, body mass index, smoking, and alcohol. We analyzed lead, mercury,
and cadmium as log10-concentrations, and selenium and manganese as quintiles to examine non-linear
associations (i.e., inverse U-shaped curve).
Results: Mean hand grip strength was 57.0 Kg (standard deviation, 11.0) in women and 88.9 Kg (SD, 17.8) in
men. Blood lead was associated with poorer grip strength in women (β for 10-fold increase, -2.4 Kg; 95%CI: 4.2, -0.5), and blood cadmium with poorer grip strength in men (β, -2.3; 95%CI: -4.5, -0.2). Mercury was
associated with better grip strength in men (β, 2.0; 95% CI: 0.5, 3.5). No evidence of non-linear association
was observed for manganese and grip strength. Men and women with selenium in the lowest quintile had
lower grip strength than those in the middle quintile (differenceq1-q3, -1.3; 95%CI: -2.6, -0.06, and -2.6;
95%CI: -5.1, -0.1, respectively).
Conclusions: Even at the low concentrations observed in the U.S. population, blood lead and cadmium were
associated with weaker grip strength; associations differed by sex. The association observed for mercury
might be due to uncontrolled confounding. Finally, our findings are suggestive of deficiency in selenium
being associated with poorer neuromotor function.
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background/aim
there is no convincing evidence which supports the theory that prenatal exposure to multiple heavy metals
will affect children's language development. the objective of this study is to find the relation between
maternal exposure to multiple heavy metals and child's language development at 2 years of age.
methods
we analyzed the data from the taiwan birth panel study (tbps), which was conducted at one medical center,
one local hospital and two obstetric clinics in taipei and a total of 486 mother-infant pairs participated from
april 2004 to january 2005. we measured levels of lead, manganese, mercury, arsenic and cadmium by uplcms/ms, and evaluated the developmental status of each child at 2 years of age by using the mandarinchinese communicative developmental inventory.
results
in total, 163 subjects were included in the final analysis. after adjusting for potential confounders, we found
that cadmium levels above 75th percentile was significantly negative associated with word produced (β=0.21, p<0.01), syntax complexity(β=-0.23, p<0.01), and total score(β=-0.22, p<0.01); lead levels above 75th
percentile was significantly associated with lower score on word produced(β=-0.22, p<0.01), syntax
complexity(β=-0.20, p<0.01), language use(β=-0.13, p<0.05), articulation(β=-0.19, p<0.05), and total
score(β=-0.22, p<0.01).
conclusions
prenatal exposure to cadmium and lead may have adverse effects of language development at 2 years of
age. interaction effect of heavy metal and mechanism are needed to explore.
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Background/Aim: Albuminuria is a well-established marker of kidney damage. We evaluated the association
of arsenic (As) and cadmium (Cd), two known nephrotoxicants, with albuminuria levels. We further tested
the causality of these associations by using genetic polymorphisms (SNPs) as instrumental variables in a
Mendelian randomization (MR) analytical framework.
Methods: We included 1520 workers from a car assembly factory in Figueruelas (Spain) participating in the
Aragon Workers’ Health Study. We measured Cd and urine Arsenic (As) speciation, by ICPMS and HPLCICPMS. Urine albumin was measured by automated nephelometric immunochemistry. As, Cd and albumin
concentrations were divided by urine creatinine. As was adjusted for arsenobetaine to remove the
contribution of organic arsenicals from seafood to total As levels. We defined abnormal albuminuria as an
albuminuria ≥30 mg/g. SNPs associated with genetically-increased urine As and Cd levels in an independent
study were validated in our study and used as instrumental variables to conduct subsequent MR analysis.
Results: Median levels of urine As and Cd were 41.7 and 0.5 μg/g, respectively, and 3.0 mg/g for
albuminuria. 30 participants had abnormal albuminuria. In traditional adjusted linear regression models, the
geometric mean ratio of albuminuria by an interquartile range increase in Cd levels was 1.06 (95%
confidence interval: 1.01, 1.11). While As was not associated with continuous albuminuria, the odds ratio of
abnormal albuminuria by an interquartile range increase in As was 2.62 (1.64, 4.20). We validated 3 SNPs for
As and 2 for Cd, although the R2 were low (approximately 1%). In MR analysis, there was no evidence for a
causal association of As and Cd with albuminuria.
Conclusions: While increased exposure to As and Cd was associated with albuminuria in observational
analysis, we could not confirm the causality of these associations. Additional MR studies with a larger panel
of potential instrumental variables are needed.
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Back ground
Most environmental exposures to cadmium in humans are exposed from foods, and others are exposed
through smoking, and the like. In adults, exposure to cadmium is known to adversely affect kidneys, lungs
and bones. In particular, cadmium is an endocrine disruptor, and exposure to cadmium in men has been
suggested to reduce productivity and exposure in women decreases endometrial blood flow, and that the
placenta inhibits fetal growth. However, the effects of cadmium exposure to combined parental cadmium
exposure on the fetus have not been previously reported.
Method
The MOCEH study is a prospective birth cohort study in Korea (2007-2011). A total of 1313 father, mother
and child pairs who completed prenatal paternal cadmium assessment and birth outcomes were included.
First, we used linear regression analysis to examine the effects of paternal serum cadmium concentrations
on the birth outcomes (weight, height and Weight for length). To circumvent covariates imbalance between
high and low cadmium exposure group, a 1:2 propensity score‒matched analysis was performed. Thus,
serum heavy metal concentrations were transformed logarithmically due to their skewed distribution.
Result
Geometric mean concentrations of serum paternal cadmium were 2.41 μg/L/Cr in high group, and 1.36 in
low group, respectively. Results of pre-matching linear regression analysis indicated that paternal cadmium
exposure reduced the birth weight, height, and WFL, but the changes were not significant. However, after
ps-matching coefficients for causal inference design were -0.24(0.12) in birth weight. And paternal cadmium
exposure had a negative association with WFL in borderline statistically significant.
Conclusion
High paternal cadmium exposure showed a statistically significant decrease birth weight when their critical
risk factors such as other paternal and maternal heavy metals were balanced. This result suggests that
exposure of heavy metals to father may also affect birth outcomes when the maternal exposure is taken
into account.

166

Arsenic Exposure in Drinking Water and Occurrence of Chronic Kidney Disease: The
Association and Effect Modifications by Comorbidities
Huang S1, Cheng Y2, Guo H3
1

Department of Environmental and Occupational Health, College of Medicine, National Cheng Kung University,
Department of Environmental and Occupational Health, College of Medicine, National Cheng Kung University,
3
Department of Environmental and Occupational Health, College of Medicine, National Cheng Kung University
2

TPS 636: Metals and health 2, August 28, 2019, 3:00 PM - 4:30 PM
Background/Aim
The prevalence of chronic kidney disease (CKD) in Taiwan is among the highest in the world. We conducted
a nationwide population–based study to assess the potential association between arsenic exposure in
drinking water and CKD. In addition, we evaluate the effects of comorbidities on the association.
Methods
According to a nationwide survey for arsenic levels in drinking water, we included 311 townships in the
analysis. From the National Health Insurance Database, we identified residents of the study townships who
were 40 years or older on January 1, 1998 and followed them to December 31, 2014. In addition, we
identiﬁed patients of CKD who were diagnosed between January 1, 1998 and December 31, 2014. Using Cox
proportional hazard regressions, we evaluated the association between the level of arsenic in drinking
water the risk of CKD. In addition to the overall analysis, we performed stratified analyses to assess the
effect modification of comorbidities.
Results
In the study cohort of 6,573,192 members, we identiﬁed 1,203,088 incident patients of CKD. Residents of
townships with arsenic levels ≥ 0.05 mg/L in the drinking water had a hazard ratio (HR) of 1.185 (95%
conﬁdence interval [CI]: 1.180–1.189) for CKD. After adjusting for age, sex, income, urbanization level, and
related comorbidities, we found the exposure was associated with an adjusted HR of 1.153 (95% CI: 1.148–
1.157). Furthermore, we found the effect was modified by comorbidities, with more prominent effects on
patients with more than three comorbidities (adjusted HR =1.178; 95% CI: 1.171–1.185).
Conclusions
Excessive exposure to arsenic in drinking water may increase the risk of developing CKD. Prevention and
control of the high–risk comorbidities in residents of endemic areas of arsenic exposure are important for
decreasing the risk of developing CKD.
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Background: Lead has been shown to increase blood pressure through oxidative stress, activity of
angiotensin-converting enzyme, and endothelial injury. We aim to study real world evidence of
hypertensive control in the presence of high blood lead levels.
Methods: Cross-sectional data were obtained from 1999-2014 US National Health and Nutrition
Examination Survey (NHANES) for adults ≥20 years. Hypertension was identified in participants defined as
systolic blood pressure (SBP) ≥140 mm Hg, diastolic blood pressure (DBP) ≥90 mm Hg, self-reported
hypertension diagnosis, or use of anti-hypertensive medications. Multivariate linear regression models
adjusted for age, sex, race, education, income, smoking, drinking, and BMI were used to estimate the
interaction between blood pressure, blood lead level (BLL), and anti-hypertensive medications. Elevated BLL
was defined as ≥5 ug/dL, according to US CDC guideline..
Results: A total of 16551 participants with hypertension and blood lead measurements were included. The
prevalence of hypertension was 39.4% in US adults. 65.9% of those with hypertension were taking antihypertensive medications. The mean (SE) blood pressure was 134.1 (0.26)/73.9 (0.23) mmHg. 5.6% of our
population had lead concentrations that exceeded CDC guideline of ≥5 ug/dL. BLLs were associated with
increased blood pressure by SBP/DBP 1.00 mm Hg (p<0.0001) / 0.67 mm Hg (p<0.0001). Taking one or more
anti-hypertensive medications reduced blood pressure by SBP/DBP 12.08 mmHg (p<0.0001) / 5.29 mmHg
(p<0.0001). In the models with interaction terms (BLL*medication), those with BLL of ≥5 ug/dL had a mean
SBP/DBP reduction of 9.63/4.41 mmHg, (p=0.01/p=0.11). In those with BLL of < 5 ug/dL, mean reduction of
SBP/DBP was 9.31/1.73 mmHg, (p<0.0001/p=0.02). The interaction term for blood lead and antihypertensive medications was only significant among people with normal blood lead level (SBP/DBP:
p=0.0023/p<0.0001).
Conclusion: Lead exposure modifies effect of anti-hypertensive medications on blood pressure, which
should be considered in treatment guidelines.
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Background: Lead is a toxicant to many organ systems, and it is especially harmful to children during
developmental stages. Prescription medication use prevalence in children and adolescent indicates shifting
disease burdens, as well as over-prescription of inappropriate or ineffective treatments. There may be
relationships between environmental pollutants and prescription medication but it has not been explored.
Methods: We used serial cross-sectional data of children and adolescents aged 1 to 19 years in the US
National Health and Nutrition Examination Survey (NHANES), from 1999 to 2014. A total of 17 categories of
prescription medications commonly used by children and adolescents were involved. We used multivariate
linear and logistic regression to explore the relationship of blood lead concentration (independent variable)
and prescription medication use (dependent variable), adjusted for age, gender, race, income, education,
insurance and health condition.
Results: In this serial cross-sectional study that included 24412 subjects, the mean blood lead concentration
decreased from 1.61 µg/dL to 0.76 µg/dL. Blood lead concentration was not correlated with overall use of
prescription medications in the last 30 days. Each µg/dL increase in blood lead concentration was associated
with lower odds ratio of asthma medications (OR=0.88, 95%CI: 0.82 to 0.94) (p<0.005) and higher odds ratio
of antibiotics amoxicillin/clavulanate (OR=1.10, 95%CI: 1.05 to 1.14) (p<0.005). Higher blood lead level was
also associated with more use of overall antibiotics, narcotic-containing analgesics and ADHD medications
(amphetamines), and less use of tetracyclines, antidiabetic agents, antipsychotics, contraceptives, proton
pump inhibitors and dermatological agents (p<0.05).
Conclusions: Blood lead concentration is related to prescription medication usage use among children and
adolescents in the US.
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Background/aim: Exposure to heavy metals has been associated with chronic kidney disease (CKD) and
hypertension. At the same time, CKD and hypertension, each is the important risk factor of the other.
However, there is a lack of knowledge of how the associations between heavy metal exposures and CKD or
hypertension are affected by each other. The objective of this study was to examine the nature of metalrelated CKD or hypertension risk.
Methods: We used the NHANES 2013-2016 dataset, and the final analytic sample set has consisted of 7,785
participants. Blood lead, cadmium, estimated glomerular filtration rate (eGFR), albumin-to-creatinine ratio
(ACR), systolic blood pressure (SBP) and diastolic blood pressure (DBP) measurements and demographic
factors were used to conduct the multivariate model analysis. To find out interaction effect on the heavy
metal-hypertension association, further analysis was conducted with the basic stratification (age, sex, and
eGFR status) and two-way stratifications.
Results: Blood cadmium level was not significantly associated with any parameters for blood pressure and
kidney function parameters in multivariable models. Blood lead concentrations were negatively associated
with eGFR and positively associated with DBP. In stratified analysis, the association between blood lead
concentration and SBP or DBP were significantly modified by age, sex, and eGFR status. Stronger
associations between blood lead level and SBP or DBP were observed among males over age 40, and males
with low eGFR status. In mediation analysis, eGFR mediates 12.7% between lead exposure and DBP.
Conclusions: To our knowledge, this is the first study to explore the association between blood lead
concentration and hypertension considering CKD in US NHANES. Based on our results, it is suggested that
hypertension patients or risk groups of lead exposure should be paid attention to kidney damage.
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Background/Aim: Consumption of particular foods (e.g., fish and soy) may modify associations of
environmental chemicals and reproductive outcomes. However, few studies have evaluated such joint
associations on reproductive hormones. We therefore evaluated whether the associations between toxic
metals and reproductive hormones varied by consumption of certain foods among premenopausal women.
Methods: 249 women completed a food frequency questionnaire and provided blood samples at baseline to
measure levels of mercury (Hg), lead (Pb), and cadmium (Cd). Serum reproductive hormones were
measured up to 8 times per menstrual cycle for up to 2 cycles. We used linear regression to identify foods
associated with metals and weighted linear mixed models to examine how food intake modified the
association between hormones and metals, while adjusting for potential confounders.
Results: Increases in follicle-stimulating hormone with higher Cd were mitigated by any versus no intakes of
eggs (from 20.6% to 1.8%) and fish (from 17.9% to 9.0%). Similarly, the association of Cd with higher
luteinizing hormone was reduced by egg, meat, soy food, and vegetable intakes. Higher Cd was associated
with higher testosterone, independent of food intakes. Increases in estrogen with higher Pb were reduced
by intake of 2-<3 versus <1 servings of vegetables (from 20.5% to 5.3%). Associations with Pb and higher
testosterone were increased by any versus no intakes of grain, avocados, and coleslaw. We found
interdependent associations between Pb and lunch meats or ground meat intakes with higher
progesterone. Associations of Hg with lower estrogen and progesterone were modestly modified by
vegetable intake. Consumption of fruit reduced the association between Hg and higher testosterone levels,
while grain and red pepper increased the associations with Hg.
Conclusions: We observed that the associations between toxic metals exposure and changes in reproductive
hormones are varied by consumption of specific groups/types of food among premenopausal women.
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The development of central nervous system of fetus is initiated during first trimester of pregnancy.
Exposure to heavy metals such as mercury (Hg), cadmium (Cd), or lead (Pb) may cause more risks to the
fetus during the early period of pregnancy. We analyzed the urinary heavy metals during pregnancy to
investigate the difference of exposure levels by trimesters. In 2017, 509 urine samples (Korea: 210,
Thailand: 299) were collected from 89 Korean pregnant women (KPW) and 102 Thai pregnant women (TPW)
by trimesters of their pregnancy. Urinary Hg was analyzed using Automatic Mercury Analyzer (MA-2000,
NIC) and urinary Cd and Pb were analyzed by GF-AAS (PinAAcle-900Z, PerkinElmer). For quality control, GEQUAS samples were analyzed. Statistical analyses were performed using SPSS version 25. Detection rate of
Hg, Cd, and Pb were 100, 96, and 82%, respectively. Geometric mean of urinary Hg, Cd, and Pb among KPW
were 0.62 (Range: 0.15-3.16), 0.57 (< limit of detection; LOD-6.45), and 3.97 (< LOD-14.59) µg/L,
respectively. Urinary Hg, Cd, and Pb levels among TPW were 0.83 (< LOD-85.9), 0.33 (< LOD-4.02), and 2.47
(< LOD-38.1) µg/L, respectively. Hg was higher in TPW while Cd and Pb were rather higher in KPW, which
suggested sociocultural behaviors could affect heavy metal exposures during pregnancy. Higher Hg was
observed in the first trimester among KPW, which were 0.68 (0.16-3.16), 0.67 (0.15-2.80), and 0.51 (0.182.82) µg/L by trimesters in order. Urinary Cd levels was the highest in the first trimester among TPW with
0.46 (< LOD-3.27), 0.29 (< LOD-4.02), and 0.28 (< LOD-3.04) µg/L by trimesters in order. Higher levels of Hg
or Cd were observed in the first trimester among KPW or TPW. In further study, contributing factors to
heavy metal exposures need to be specified to help preventing adverse fetus outcomes from heavy metal
exposures during pregnancy.
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Childhood lead (Pb) exposure affects cognitive and behavioral development at the lowest measurable blood
concentrations, but less is known about how Pb exposure impacts children’s brain development. Here, we
assessed associations between the risk of Pb exposure and brain and cognitive development in typically
developing children. We analyzed structural brain MRI data, neurocognitive test performance, and
demographics (family income, race/ethnicity) to assess associations between the risk of Pb exposure and
each outcome measure. Pb-risk (Pb-R) was determined by geocoding each participant’s home address with
a publicly available census-tract-level map of Pb-R based on poverty levels and age of housing. We studied a
demographically diverse cohort of ~11,000 9-10-year-old children in the Adolescent Brain Cognitive
Development (ABCD) study, a nationwide longitudinal study of brain, behavioral, and cognitive
development in adolescents in the United States. We found that Pb-R was closely associated with elevated
blood Pb levels (EBLLs) rates across 12 different US states and 2 major US cities, suggesting that Pb-R is an
effective proxy for BLLs in the absence of BLL data in the ABCD cohort. Then, we regressed ABCD data on
Pb-R and found reductions in cognitive test performance, brain volume, cortical thickness, and cortical
surface area with increased Pb-R, all of which were more pronounced in the lowest income participants
relative to their middle- or high-income peers. Cognitive deficits were also more pronounced in high Pb-R
Hispanic and black participants than in their high Pb-R Caucasian counterparts. Our findings suggest that
estimates of risk of Pb exposure from publicly available geocoded maps may serve as a valid proxy for blood
Pb levels, thereby providing opportunities to target children for Pb screening in high-risk areas around the
United States, thereby reducing the negative impact of Pb exposure in populations that may otherwise have
been overlooked.
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Background: Wheezing at 6-7 years old increases the odds of asthma diagnosis. Manganese (Mn) is a trace
element that can be a nutrient or a toxin depending on its dosage. We examined whether early life blood
Mn (BMn) is associated with risk of wheezing.
Methods: We assessed 634 children from the Programming Research in Obesity, Growth, Environment, and
Social Stressors (PROGRESS) longitudinal birth cohort in Mexico City. BMn was measured at ages 2-3 and 4-5
years. Current wheeze (CW) was based on the caregiver’s answer (yes/no) about presence of wheezing in
the past 12 months from the International Study of Asthma and Allergies in Childhood (ISAAC) survey
applied at 4-5 and 6-7 years old. Covariates included maternal education, maternal asthma, maternal age at
enrollment, season of birth, child’s sex, and prenatal environmental tobacco smoke (ETS). Child blood nickel
(BNi) and arsenic (BAs) levels were included as covariates concurrently with BMn at 4-5 years based on
previous literature. Four logistic regression models were generated to calculate odds ratios (OR) and 95%
confidence intervals (CI) regarding the association between BMn and CW at each of their two time points.
Results: Higher BMn levels at 2-3 years of age was associated with increased odds of CW (OR: 2.66, 95% CI:
1.04-6.79) in 6-7 year old children. BMn at 4-5 years had a marginally significant positive association with
concurrent CW (OR: 2.23, 95% CI: 0.98-5.10). BNi and BAs at 4-5 years had a negative (OR: 0.14, 95% CI:
0.03-0.58) and non-significant positive (OR: 1.88, 95% CI: 0.74-4.78) association with concurrent CW,
respectively.
Conclusions: Increased BMn was associated with greater odds of wheezing in childhood. These results
highlight the importance of understanding the role of metals in the development of respiratory diseases and
may aid in the development of more targeted interventions to reduce exposure.
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Background/Aims: There is growing evidence that co-exposure to multiple metals can result in some
outcomes, such as prematurity and others. The results are from a pilot study conducted in 2018 that is a
precursor of a birth cohort that will be started at the School Maternity of the Federal University of Rio de
Janeiro. The study evaluated metals: lead, mercury, arsenic and cadmium in pregnant women and children
with normal birth weight (BW). We aimed to evaluate the relationship between both prenatal mixturemetals exposure and children’s BW.
Methods: 142 interviews were conducted about maternal exposure and blood samples and cord blood
were collected. Excluded mother/baby pairs with BW less than 2500g, considered 107 samples. For the
construction of combined exposure scoring, the concentrations of each metal in tertiles were classified. The
combination of the exposure scores of each metal was categorized as low, moderate and high exposure.
Results: Among pregnant women’s samples 73% had high and moderate exposure. The moderate score
BW mean 3323,5g (SD: 410,7), range 2510g, 4260g. The high score with BW mean 3386,2g (SD: 454,4)
range 2650 g, 4370 g. A slight decrease of BW mean was observed with a higher score of exposure to
mixture-metals, mean 3233.6g (SD: 332.66), non-significantly. In cord blood, 75.7% had a high and
moderate exposure score, BW mean 3369.2g (SD: 478), range 2510g, 4370g to moderate score, and BW
mean 3346.7g (SD: 362.7), range 2650 g, 4110 g to high score.
Conclusions:This is the first study in Brazil that analyze women pregnant and babies with environmental
pollutants and, therefore there isn't previous parameter of compare with laboratorial data. The findings of
this study suggest attention for the exposure to metal co-exposures as well as new studies in this thematic.
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Background
Arsenic is ubiquitous in the environment and can contaminate air, food, and water. It is widely distributed in
the soil in the US, with significantly higher levels in certain regions, including parts of Arkansas. As a result of
the soil contamination, much of the vegetation grown in this region also potentially has higher arsenic
content. This is particularly concerning in areas such as Arkansas, where low population mobility results in
generations of residents consuming locally grown produce and experiencing prolonged exposure to arseniccontaminated dust. At the same time, prevalence in obesity and metabolic syndrome in Arkansas is among
the highest in the US. We hypothesized that arsenic exposure is associated with overweight/obesity.
Methods
Saliva samples and lifestyle factors were obtained from women participated in the Arkansas Rural
Community Health Study cohort at baseline survey. Urinary samples were obtained from follow-up study 511 years later. Salivary and urinary arsenic concentration have been analyzed for heavy metal, including
arsenic, concentration using Fisher-Thermo inductively coupled plasma mass spectrometry (ICP-MS). All
samples were analyzed in duplicates and average of two measures were used for analysis. Body mass index
(BMI) was calculated based on self-reported height and weight. BMI greater than 25 kg/m2 is considered as
overweight.
Results
Among 245 subjects examined, 207 were considered as overweight, 28 were normal weight, and 10 were
underweight (<20kg/m2). Arsenic concentration is significantly (p = 0.03) higher among overweight subjects
(0.011 microgram/liter) when compared to comparison group (0.009 microgram/liter). The association is
confirmed by urinary measures adjusted for specific gravity (0.32 vs 0.17, respectively). Multivariate
regression models were used to evaluate the association after adjusting for potential confounders.
Discussion
The finding of this study confirmed our hypothesis regarding arsenic exposure and overweight, even at low
level. Further study to determine the safe environmental dose is warranted.
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Background/Aim: While the evidence supporting a causal association of metals with clinical cardiovascular
disease is substantial, fewer studies have evaluated subclinical atherosclerosis. We tested the association of
non-essential metals with subclinical atherosclerosis by using genetic polymorphisms in candidate genes as
a proxy of unconfounded metal exposure.
Methods: Urine Antimonium (Sb), Barium (Ba), Cadmium (Cd), Chromium (Cr), Titanium (Ti), Tungsten (W),
Uranium (U) and Vanadium (V), and urine Arsenic (As) speciation, were measured by ICPMS and HPLCICPMS, respectively, in 1815 workers from a car assembly factory in Figueruelas (Spain) participating in the
Aragon Workers’ Health Study. Atherosclerosis presence (yes/no) was measured in carotid and femoral
arteries with ultrasounds, and in coronary arteries with NMR. For statistically significant metals in traditional
logistic models, we evaluated the association of genetically controlled biomarker levels with atherosclerosis
presence using 2-stage least squares Mendelian Randomization methods.
Results: The geometric mean of Sb, sum of inorganic As (∑iAs), Ba, Cd, Cr, Ti, W, U and V was 0.22, 8.1, 1.88,
0.43, 1.06, 213.05, 0.23, 0.03, and 0.5 μg/g, respectively. In multi-adjusted models (including arsenobetaine
adjustment for ∑iAs), the odds ratio (95% CI) for atherosclerosis presence in any of the evaluated vascular
territories were, 1.21 (1.00-1.46) for ∑iAs, 1.60 (1.17-2.19) for Cd and 1.26 (1.05-1.52) for Ti. These
associations were driven by ∑iAs and Cd in carotid, Cd and Ti in femoral and Ti in coronary territories. For
∑iAs the associations of genetically-elevated concentrations (3 ∑iAs-associated SNPs) were statistically
significant and directionally consistent compared to the observational associations. For Cd the
corresponding associations (2 Cd-associated SNPs) were only consistent in femoral atherosclerosis models.
Conclusions: Replication of findings is needed. Our results, however, support a role of As and Cd as
cardiovascular risk factors. Reinforced exposure reduction interventions may decrease cardiovascular
disease.
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There is increasing evidence that environmental manganese (Mn) exposure early in life can have negative
effects on children’s neurodevelopment including neurobehavioral phenotypes. We have evaluated the
influence of sex and polymorphisms in Mn transporter genes SLC30A10 and SLC39A8 on the relationships
between environmental Mn exposure and neurobehavioral outcomes in children.
Three SNP were genotyped by TaqMan or pyrosequencing in a population of Italian children (aged 11-14
years; n=645) with varying environmental Mn exposure. Mn in surface soil was measured in situ using XRF
technology and modeled with geospatial analysis. Linear regression models or generalized additive models
(GAM) were used for analyzing associations between soil Mn (Mn exposure) and neurobehavioral problems
assessed by the Conners’ behavior rating scales (self-, and parent-reported). Gene-environment interactions
were evaluated using a genetic score in which genotypes were combined based on their associations with
blood Mn, as an indication of Mn regulatory ability.
We observed differences in associations between soil Mn and neurobehavior between sexes. Girls showed
U-shaped relationships with a positive association between soil Mn and higher (worse) Conners’ selfreported scales at the higher soil Mn levels, whereas the parent-reported scales showed positive linear
relationships with soil Mn. For boys, we observed a positive linear relationship with soil Mn for one
Conner’s subtest only (hyperactivity, parent-reported). We also observed interactions between soil Mn and
the genetic score on neurobehavior in girls; girls with high Mn genotypes showed more positive associations
between Mn in soil and Conners’ scores, i.e., increasing problematic behavior with increasing Mn exposure.
Our results indicate that that both sex and genetic variation in Mn transporters contribute to differences in
sensitivity to Mn exposure from the environment and that girls that are genetically less efficient at
regulating Mn, may be a particularly vulnerable group.
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Aim: We aimed to investigated the associations between alkali and alkaline earth metals exposure and
gestational weight gain (GWG) during three pregnancy trimesters based on a prospective birth cohort.
Methods: Two hundred and thirty four pregnant women from the Shanghai Maternal-Child Pairs cohort
were included in the present research. Cumulative GWG in each trimester was calculated as the weight in
that trimester minus the weight measured at pre-pregnancy. The concentrations of 28 metals in whole
blood or serum were determined using Inductively coupled plasma mass spectrometry (ICP-MS). Linear
mixed model was used to estimate the associations between each metal concentration and GWG.
Results: The mean value of GWG was 2.98±3.10 kg in the first trimester, 7.79±2.99 kg in the second
trimester, and 10.61±3.63 kg in the third trimester, respectively. Except for magnesium, there were no
significant differences in the levels of other alkali and alkaline earth metals in the peripheral blood of
pregnant women among three trimesters. A one ln-unit increase of five alkali and alkaline earth metals
(lithium, rubidium, magnesium, strontium and thallium) were positive significantly associated with
increased GWG and GWG rate in overall pregnancy based on linear mixed models adjusted for gestational
weeks, maternal and neonatal gender. Further analysis indicated that the associations were more
pronounced among pregnant women who delivered females infants than those with male infants in the
third trimester.
Conclusions: Our research suggested that exposure to alkali and alkaline earth metals during pregnancy
could increase GWG, and further study is required to explore the potential mechanisms of action and any
other adverse health impacts in pregnant women and their infants.
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Background: Cardiovascular disease (CVD) is a leading cause of death in the US population. It is widely
recognized that lead exposure is an important risk factor of CVD Vitamin B6 has been shown to reduce
homocysteine level, which is associated with cardiovascular risk.
Objective: We aim to examine whether Vitamin B6 deficiency can modify the relationship between blood
lead and the risk of CVDs.
Methods: Cross-sectional data on ever-report CVDs (congestive heart failure, coronary heart disease, angina
pectoris, heart attack, and stroke), blood lead level, and serum concentrations of vitamin B6 were obtained
from US National Health and Nutrition Examination Survey (NHANES) 2005-2006 for adults >=20 years old.
The association between CVDs and quartiles of blood lead level was estimated using multivariate logistic
regression models adjusted for demographics variables (age, sex, race, education, income), lifestyle
variables (BMI, smoking, drinking), stress variables (depression, sleep), and CVD biomarkers (CRP,
homocysteine). The analysis was stratified by vitamin B6 deficiency level (<20 nmol/L).
Results: The prevalence of ever-report CVDs was 11.3% in U.S. adults. The mean blood lead level was 1.91
ug/dL. The prevalence of vitamin B6 deficiency was 15.4%. We did not find a significant association of blood
lead levels and risk of CVDs in the fully adjusted model. In the stratified analyses while there was still no
significant association among people with normal vitamin B6 level, positive associations appeared among
people with vitamin B6 deficiency, with the second (0.93-1.49 ug/dL), third (1.50-2.37 ug/dL), fourth (2.3826.4 ug/dL) quartiles of blood lead levels showing higher risk of CVDs (OR=4.4, 95% CI: 1.5-12.9; OR=5.9,
95% CI: 1.1-31.0; OR=5.0, 95% CI: 1.1-24.6) when compared to the lowest quartile (0.18-0.92 ug/dL).
Conclusion: We found some, but inconclusive evidence that vitamin B6 may help prevent the potential
harmful effects of lead exposure on CVDs.
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Background/Aim: The use of mercury for gold extraction in artisanal and small-scale gold-mining operations
in Suriname’s interior is of growing concern. Mercury exposure during pregnancy may negatively influence
birth outcomes and paediatric neurodevelopment. The Caribbean Consortium for Research in
Environmental and Occupational Health is assessing exposure to metals and non-chemical stressors in over
1000 mother/child dyads. We evaluated the association between mercury exposure and non-chemical
stressors in Surinamese pregnant women and their birth outcomes.
Methods: data from 763 pregnant women were analyzed for total hair mercury using cold-vapor atomic
absorption spectrometry (cut-off USEPA action level ≥1.1ug/g), standardized questionnaires of the Cohen
Perceived Stress Scale (cut off ≥ 20 for high stress) and the Edinburg Postnatal Depression Scale (EPDS cut
off ≥12 for probable depression) that were completed during early pregnancy and associated with birth
outcomes collected from clinical records and parturition books using Pearson chi-squared test. Adverse
birth outcomes included preterm birth (PTB, <37 weeks), low birth weight (LBW, <2500g) and low APGAR
score (AS<7 at 5 minutes).
Results: 27.3% of the women had elevated total Hg hair levels that exceeded the USEPA action level, 23.8%
had adverse birth outcomes, 18.4% PTB, 14.7% LBW and 5.1% had low AS. Women with no or primary
education had more adverse birth outcomes compared to women with secondary education and up (39.0
vs. 22.5%; p=0.018). A borderline association was found between perceived stress and adverse birth
outcomes (p=0.058; 30.1 vs. 21.3%), there was no association with mercury level or depression.
Conclusions: more than a quarter of pregnant women in Suriname had elevated hair mercury levels. Nearly
one out of four women had adverse birth outcomes of which preterm birth and low birth weight were the
most common; lower educated women were more vulnerable. Neurodevelopmental assessment of these
children is currently being done.
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Background/Aim: Living next to major roadways is associated with adverse cardiovascular health. Reducing
exposure to pollutants that are elevated near highways has the potential to reduce this risk.
Methods: We used a randomized crossover trial design that assigned 77 participants (aged 40-75 and
without hypertension diagnosis) to three, two-hour exposure sessions. Sessions were conducted in one of
two rooms immediately adjacent to highways in Boston (MA, USA). High, medium and low exposures were
attained by varying the degree of air exchange and amount of HEPA filtration in the room. Indoor particle
number (PN) and black carbon (BC) concentrations were monitored continuously, as was particle size
distribution in a subset of sessions.
During each session participants sat quietly and wore noise-cancelling headphones, while their BP was
monitored every ten minutes using an ambulatory BP monitor. We monitored pulse and oxygen saturation
continuously. We used a linear mixed model to compare between-exposure mean changes in systolic BP.
Results: Median PN and BC concentrations for low, medium and high exposure sessions were 2,300, 9,400,
and 28,800 particles/cm3 and 120, 380 and 680 ng/m3, respectively. Concentrations had a coefficient of
variation of ±20%. Minimum reduction was for 90 nm particles. Despite systolic BP rising linearly over time
during the exposure sessions (p < 0.001), a statistically significant ‘dose-response’ relationship was observed
between the level of exposure and overall mean change in systolic BP over the three sessions. We observed
mean systolic BP change of 0.6 mmHg during low exposure (maximum HEPA filtration), 1.2 mmHg during
medium exposure (moderate HEPA filtration), and 2.5 mmHg during high exposure (no HEPA filtration)
sessions (linear trend p-value = 0.019).
Conclusions: Our results indicate that HEPA filtration and building envelope tightness are able to
significantly reduce the effects of short term traffic-related air pollution exposures on systolic BP.
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Background/Aim: Near-roadway air pollution is a significant public health problem that needs to move from
observational studies to addressing the issue. In the 1970s, a thriving neighborhood and business district in
the City of Somerville, MA was demolished for the construction of Interstate 93 (I-93). Today, over 200,000
vehicles daily move through adjacent residential neighborhoods. Prior research in these neighborhoods has
documented that this traffic results in high levels of ultrafine particles and shown associations with blood
biomarkers of inflammation.
Methods: In response to research findings and community concerns, representatives of near highway
neighborhoods proposed assessing the impact of installing noise barriers along I-93. We used Health Lens
Analysis (HLA), a tool to assess the health implications of a project or policy, to conduct the assessment.
Evidence was gathered through outreach, interviews with topical experts, a review of literature, and
primary data collection of noise and air pollution measurements.
Central to this effort was community engagement. The project team held community meetings and
discussions with elected officials, tabled at events, facilitated conversation at ESL classes, and met with
MassDOT, who would need to oversee sound wall design and installation. A sound study was also
conducted of the near highway neighborhoods. The project culminated in a community participatory design
charrette where participants generated evidence-based and actionable design recommendations.
Results: The HLA found that barriers would be an effective solution for reducing noise and air pollution,
however geographic and meteorological conditions would limit installation and efficacy in some areas.
Participants pushed back on unadorned noise barriers, leading the HLA to consider the role of esthetics and
vegetation in design and exposure reduction.
Conclusions: An HLA approach, combined with a design charrette, was successful at engaging affected near
highway communities and generating proposed noise barrier approaches acceptable to the community.
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Background: Three billion individuals worldwide rely on biomass fuel for cooking and heating, and health
conditions resulting from household air pollution (HAP) are responsible for an estimated 3.9 million
avoidable deaths annually. The conditions under which individuals sustain use of clean cookstoves are not
well understood.
Methods: The Enhancing LPG Adoption in Ghana (ELAG) study was a factorial cluster-randomized
intervention trial targeting mothers in Kintampo, Ghana. The first component is a behavior change
intervention based on the Risks, Attitudes, Norms, Abilities, and Self-regulation (RANAS) model. RANAS
aligns these five behavioral factors with clean cookstove adoption and sustained use. A second intervention
improved LPG availability by offering a direct-delivery refueling service with no delivery fee. The
interventions were integrated via a factorial design. 27 communities were assigned to: the control arm, the
educational intervention, the delivery, or a combined intervention. Outcome measures include pre/post
assessments on the RANAS model behavioral factors and minutes of stove use in the last 6 months of ELAG,
tracked with stove use monitors.
Results: A total of 780 participants were enrolled and randomized across four arms: 218 in the control arm,
196 to the educational intervention, 193 for direct delivery of fuel, and 173 to the combined intervention.
Participants were tracked for a range of 10-12 months. There was a mean of 0.2 and a range of 0-5 selfreported cylinder refillings across the cohort.
Conclusion: Recipients of improved or clean cookstoves rarely completely adopt the new technology.
Instead, they often practice partial adoption (fuel stacking). Consequently, interventions are needed to
influence adoption patterns and simultaneously to understand drivers of fuel adoption. Ensuring uptake,
adoption, and sustained use of improved cookstove technologies can lead to HAP reductions and
improvements in public health.
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Background: Glyphosate is the most applied pesticide worldwide. The International Agency for Research on
Cancer (IARC)'s 2015 report on the chemical determined it a "probable carcinogen." The European Food
Safety Authority (EFSA), however, deemed foods sprayed with glyphosate unproblematic for consumption,
similar to the US Environmental Protection Agency (EPA). Because glyphosate has more potential harms
than causing cancer, and those applying the chemical may bioaccumulate much higher doses through
dermal and respiratory contact, the metrics as well as the types of documents used to determine health
harms are decisive. We conducted research to compare and determine how different agencies assessed
harm. We compared the differences and similarities in the methods, protocols and practices agencies
followed and, in this context, evaluated the role played by industry-funded or independent studies.
Methods: Using Monsanto industry documents located in the Chemical Industry Documents Library at UCSF
(https://www.industrydocumentslibrary.ucsf.edu/chemical/), we sorted through 341 documents related to
glyphosate and policy. From these, we found 47 relevant documents to the IARC, EFSA, and EPA reports. We
triangulated these documents with news articles and public information from Monsanto and these
regulatory bodies, as well as with interviews with toxicologists regarding the classification and risk
assessments of glyphosate.
Results: In the industry documents, we found that members of the EFSA and the EPA panel were in contact
with Monsanto representatives, and included Monsanto-funded studies in their analysis, while IARC did not
include industry-funded studies and deterred assessment committee members from private communication
with chemical industry representatives.
Conclusions: Concentrating on the carcinogenicity of glyphosate, as EFSA and EPA do, does not adequately
capture the scope of this chemical's harms to humans and the environment. Industry-influence in risk
assessments possibly played a role in regulatory agency assessments. Independent science, rather than
industry-funded science, offers more credible evidence for safety evaluations of glyphosate.
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Background: Air quality in the Pacific Island Countries (PICs) can be comparable to more developed
countries due to emissions from energy production and use. Although much potential exists for clean
energy, many PIC communities and households rely on fossil/ solid-fuel combustion for domestic energy
needs (e.g. cooking, lighting), which may contribute to air pollution problems.
Methods: To augment the evidence on the link between energy, air quality and health in the PICs, a lowcost air-quality monitoring network is being piloted in Suva, Fiji (2017 population: ~95,000). The monitors
(‘KOALAs’: Knowing Our Ambient, Local Air quality) measure combustion-related emissions: particulate
matter (PM2.5) and carbon monoxide (CO) at 5-minute intervals. The network, overseen remotely by a data
management centre, consists of multiple monitors to spatiotemporally resolve regional air quality
information across suspected low (background) and high (urban) emission sites.
Results: Several months of data have so-far been collected in Suva, giving tens of thousands of air-quality
observations (approximately 9,000/month/KOALA). Mean [SD] 24-hour values of PM2.5 and CO at
background and urban sites are 5.0 [3.6] µg/m³ and 0.13 [0.08] ppm, and 6.4 [3.5] µg/m³ and 0.09 [0.03]
ppm, respectively. Welch two-sample t-tests indicate that 24-hour means are significantly different
between sites for both PM2.5 (p-value=0.003) and CO (p-value=0.008). Background site five-minute-interval
measurements of PM2.5 and CO are weakly correlated (r²=0.44). Equivalent urban site measurements are
more weakly correlated (r²=0.28). Real-time measurements are found online: http://fiji.sensors.net.au/.
Conclusions: Urban PM2.5 24-hour values from low-cost monitors in Suva, the capital city of Fiji and one of
the most populous PIC regions, are below the WHO air quality 24-hour guideline values of 25 µg/m³. Low
correlations between PM2.5 and CO suggests different emission sources at background and urban sites.
Future monitoring using the KOALAs will profile population and personal exposures, and support regional
clean-energy interventions.
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[Aim]
The World Health Organization (WHO) Framework Convention on Tobacco Control (FCTC) requires member
countries to implement measures aimed at reducing the demand for tobacco products. FCTC article 11
recommends on large and pictorial health warnings. In 2001 Canada firstly implemented pictorial warning.
By the end of 2016, 100 countries/jurisdictions had implemented pictorial warnings, and the number
increased to 118 now. On Dec 2018, the Japanese Finance Ministry drew up a plan to enlarge the font of
text warnings on tobacco packages, while rejecting graphical warnings, arguing that consumers must not be
made excessively uncomfortable. Then we conducted an online survey to measure the impact of the change
in health warnings.
[Methods]
A cross-sectional online survey was conducted from 26 January to 20 March in 2018. Participants were
randomly sampled from a nationwide online panel. The age-gender balanced 8,140 effective sample was
obtained. The number of never smoker, former smoker, and current smoker is 4,605, 2,076, and 1,459,
respectively. We prepared 5 health warning designs, which include current text alone warning covering
30% of the front/back of the package, larger text warnings, picture warnings covering 50% or 75% of the
packages. We observed the participants’ recognition of the health warnings, and label ranking for smoking
cessation.
[Results]
The percentage of persons who know pictorial health warnings is 32.6%, 25.4%, 32.3%, 44.2% for total
responders, never smoker, former smoker, and current smoker, respectively. The 52.8%, 60.9%, 61.2%, and
34.1% of total responders, never smoker, former smoker, and current smoker, respectively, ranked the large
pictorial health warnings as most effective.
[Conclusions]
Text-only warnings are the least effective way to increase public awareness about the risk of tobacco use.
We should introduce picture warnings that have the potential to help them better understand the harms of
tobacco and encourage smoking cessation.
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Cold temperature may result in the increased risks of mortality and morbidity. As communities adapt to the
expected rise in temperature under a changing climate, the impacts of cold temperatures may increase,
leading to more serious health effects. However, the conclusions regarding the effectiveness of winter
heating to adapt the cold temperature are still inconsistent. Here we used the quasi-experimental research
design to investigate the effects of winter heating on mortality. We found evidence that the winter heating
policy implemented in northern China reduced the overall population mortality risk during the heating
period compared with that in the non-heating period in the winter. Mortality risk in southern China was not
reduced during the non-heating period because there are no real winter central heating measures in the
winter in the South. Furthermore, this study provides evidence that central heating measures may
attenuate the acute cold outdoor temperature effect for mortality risks in the heating period compared
with that in the non-heating period in lag days 0-3 in northern China. We also found some evidence that the
heterogeneity of the outdoor cold temperature effect of lag days 0-3 in 126 counties in China may be
explained by central heating measures in winter. These findings confirm the protective effect of the
implementation of heating policy in northern China and provide strong evidence that the central heating
measure is an effective acclimatization measure to facilitate adaptation to cold weather in the winter.
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Background/Aim: Wearing particulate respirators may protect individuals from exposure to particulate
matter less than 2.5μm diameter (PM2.5). However, no studies have examined whether particulate
respirator use has both positive and negative effects among elderly adults. We aimed to investigate the
effects of particulate respirator use on cardiopulmonary function and psychological and physiological stress
among elderly adults.
Methods: A total of 21 nonsmoking, female, elderly individuals were recruited in Seoul, South Korea. This
study consisted of one experimental and two control periods. During the experimental period, participants
were asked to wear particulate respirators for 6 days. We measured ambulatory and resting blood pressure
(BP), including systolic and diastolic BP (SBP, DBP), mean arterial blood pressure (MAP), and pulse pressure
(PP), and lung function. In addition, we measured markers of psychological and physiological stress,
including heart rate variability (HRV) and 8-hydroxy-2′-deoxyguanosine (8-OHdG) levels, respectively.
Person-level and exposure-level covariates were also considered in the model.
Results: Particulate respirator use reduced personal exposure to PM2.5 by 9.0 μg/m3. During the
experimental period, resting BP was reduced by 5.8 mmHg for SBP (P-value = 0.0021), 3.6 mmHg for MAP
(P-value = 0.0155), and 3.3 mmHg for PP (P-value = 0.0201). In contrast, particulate respirator use was
associated with elevated psychological stress and increased oxidative stress.
Conclusions: Our findings suggest that wearing particulate respirators can be effective in preventing
elevation of BP induced by exposure to PM2.5 in elderly adults. However, elevation of stress markers due to
particulate respirator use should also be considered.
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Background and aim
Taranto is one of the most industrialized cities in southern Italy. Environmentally impacting activities
include: steel production, oil refining, cement production, harbour activities. The steel plant hosts an
openair huge mineral storage piles whose dusts strongly impact the Tamburi neighborhood, downwind the
plant with northwestely winds. Epidemiological studies have revealed adverse health effects related to air
pollution both in this neighborhood and other areas of the city.
In 2012 the Apulia Region promulgated a law aiming to reduce PM10 coming from the piles. The
intervention indicated steel plant activity restrictions to be adopted during days with forecasted strong
northwesterly winds, so called "wind-days" ( wds).
Aim of this work is to evaluate the effectiveness of the "wds ” intervention on air quality in the city of
Taranto, in view of an epidemiological study.
Methods
Statistical analysis of air quality data measured in the monitoring network before (2009-2012) and after
(2013-2016) the intervention is carried out. The analysis is performed for different meteorological
conditions, different wds characteristics (strong/low wind persistence), saharan dust intrusions, hour of the
day.
Results
We observe a reduction for PM10 difference between wds and no-wds before (8.9 μg/m3) and after (1.6
μg/m3) the intervention at the Tamburi site. The tendency is not uniform over the city and for other
pollutants, and show a different behaviour with reference to strong/low wind persistence as well as the
hour of the day in wds or no-wds.
Conclusions
Although some aimed intervention effectiveness (to limit the wds dust emissions and their impact) is
reached in some meteorological conditions and in some city areas, the overall emissions impact on the air
quality of the city still calls for further detailed measures on other sources/substances likely at different
meterological condition than wds.
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Background: The health effects of living in proximity to both active copper and molybdenum mining as well
as remediation sites were evaluated for residents of two contiguous counties in the US state of Montana.
The open pit copper and molybdenum mine has been open since 1984; it operates with crushers and
concentrator facilities where tons of raw ore are processed. Simultaneously, the Superfund remediation
efforts were established in 1983 at the site of a closed mine and smelter.
Methods: Employing county level death certificate data obtained from the US Centers for Disease Control
WONDER site, sex and age- adjusted standardized mortality ratios (SMRs) for targeted causes of death were
calculated using observed versus expected mortality for both counties, and compared to the expected
mortality from the remaining Montana counties.
Results: Cancers, cerebro- and cardiovascular diseases (CCVD), and organ failure were elevated for the two
counties during the study period, 2000–2016, with SMRs of 1.19 (95% CI 1.10, 1.29); 1.36 (95% CI 1.29,
1.43); and 1.24 (95% CI 1.10, 1.38). Neurological conditions were not elevated for the two counties. Time
trend analyses performed using Cox regression models indicate that deaths from cancers (HR = 0.97; p =
0.0004), CCVDs (HR = 0.95; p B 0.0001), and neurological conditions (HR = 0.97; p = 0.01) decreased over
the study period.
Conclusions: Our approach of using publicly available death certificate data over time, along with an
understanding of the potential risks associated with specific metal exposures, can be utilized to monitor
population health impacts during continued mining and remediation efforts. The time trends indicate there
is a small downward trajectory in the mortality rates for cancer, cerebro-cardiovascular, and neurological
conditions. These findings suggests there is a continuing need for monitoring mortality, in order to keep the
public aware of ongoing risks.
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Background: Air quality in the United States has improved since the Clean Air Act of 1970, but these
improvements have varied greatly both between and within metropolitan areas.
Methods: We examined local variations in annual average air quality as determinants of local variation in
annual age-adjusted cardiovascular hospital admission rates (CHR) among Medicare beneficiaries aged 65
years and older for 2002-2013 across 10,097 ZIP codes (postal codes) in 123 metropolitan core-based
statistical areas (CBSA) with 2010 populations greater than 500,000 persons. For 11 air pollutants, we
examined local variations (ZIP code-specific variation within CBSA) in CHR and air quality for centered means
(2005) and for 12-year trends (2002-2013).
Results: Interquartile increments in the centered means of fine particulate matter components were
associated with increased CHR (admissions per 100,000 person-years at risk): total PM2.5 (35.0, 95%
confidence interval (CI) 5.3, 64.8), elemental carbon (39.3, 95% CI 9.6, 69.1) and organic carbon (33.1, 95%
CI 0.9, 65.3). After further adjustment for centered mean CHR to control for ZIP code-level variations in
cardiovascular risk factors, interquartile increments in the 12-year trends of gaseous air pollutants were
associated with 12-year trends in CHR (annual change in admissions per 100,000 person-years at risk): nitric
oxide (4.4, 95% CI 1.8, 7.1), nitrogen dioxide (4.8, 95% CI 2.0, 7.5), and carbon monoxide (4.7, 95% CI 2.0,
7.4).
Conclusion: Thus, after adjustment for metropolitan area characteristics and for local variations in
cardiovascular risk factors, we have shown that local improvements in air quality lead to local
improvements in cardiovascular health among Medicare beneficiaries.
The views expressed in this presentation are those of the authors and do not necessarily represent the
views or policies of the U.S. Environmental Protection Agency.
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Background: As a tool to regulate environmental issues, standards play a key role in defining acceptable
levels of safety and environmental protection. From a governance perspective, standards are significant
given their inclusion of non-governmental stakeholders, including industry and environmental
organizations, in determining the benchmarks upon which policies are enacted. This paper analyses Israeli
standards for chemicals in consumer products and green building, to consider how the use of standards as
an environmental policy tool affects how environmental issues are defined and regulated.
Methods: The research comprised of analysis of written standards and the make-up of standardisation
committees alongside twenty in-depth interviews that were transcribed, coded and thematically analysed,
considering stakeholders involved, their rationales and the implications of consensus-based decisionmaking.
Results: The results include several findings about the essence of standards and their impact on policy. The
standards reflect numerous economic and practical aims that sometimes compromised professional
opinion. Decision-making was characterized by consensus-building between different stakeholders sitting
on committees and by a principle of balanced representation between different sectors. This balance was
impacted by other parameters such as resources and professional knowledge, leading in some cases to
over-representation of the industrial sector. Moreover, despite standards being a central regulatory tool in
the fields examined, government representatives were but one voice among many.
Conclusions: The mechanisms and processes used in standard-setting influence the knowledge and
perspectives included in the outcome. This raises challenges that ought to be considered when using
standards within environmental policy, particularly when the standard is a central form of regulation
without overarching legislation, as occurs in Israel in the cases reported here among others. Environmental
policy needs to take into account that standards reflect various economic and pragmatic considerations in
addition to the basic environmental/health rationale. We suggest policy measures for improving balanced
representation on standards committees.
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Background/Aim
Severe Air Pollution Episodes (SAPE) are often observed in areas in Europe where high anthropic pressure
(e.g. highly populated urban areas with a high traffic load) and emission levels in combination with
meteorological air stagnation can increase air pollution concentrations above EU limits for several
consecutive days.
Methods
The Interreg Central Europe AWAIR project (“EnvironmentAl integrated, multilevel knoWledge and
approaches to counteract critical AIR pollution events, improving vulnerable citizens quality of life in Central
Europe Functional Urban Areas”) addresses the issue of air quality, specifically SAPEs, in three functional
urban areas: The city of Parma, Italy; Zugló in the Budapest metropolitan area, Hungary and Katowice in the
Upper Silesia Metropolitan Area, Poland. Within this project we are going to develop a joint forecasting
system for SAPEs that is linked to an APP for mobile devices to alert citizens and give advice for individual
adaptation and mitigation measures.
Results
While a joint forecasting system is planned, each area will have their own individual limits for triggering
alerts to account for varying characteristics such as regional meteorology or alert regulations and air
pollution levels. Susceptible subgroups e.g. children or asthmatics will get specially tailored advice. In
addition, mitigation measures will be promoted such as the use of public transport or refraining from using
small scale furnaces. Also, local political actions for example driving bans or free use of public transport can
be disseminated via the APP.
Conclusions
Through the alert system the AWAIR APP can contribute not only to better health by informing (susceptible)
individuals about the best behaviour in case of SAPEs but ideally also to decrease the length and severity of
a SAPE.
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Metadata provide the meaning and enrich the data collected in a data warehouse; and they are a
fundamental input to transform them into new knowledge that supports decision making. Specification and
structuring of a data warehouse is a challenge for epidemiological analysis that considers that information is
incomplete, that it includes variables with specific values and it omits relevant aspects such as its unit of
measurement, range of allowed values, measuring instrument, source of the data, nature of the variable,
measurement period, etc., which are considered a priori by interdisciplinary research teams. This work
presents the experience of building a base metamodel that has been considered a complete and explicit
framework for the implementation of a data warehouse for the discovery of knowledge about air quality
and health through data science techniques allow him to make decisions on environmental health for the 10
municipalities located in the territory. Understanding that a metamodel is independent of the technology,
we presents the physical implementation of the data warehouse in the PostgreSQL database management
system whose license is free and supports the manipulation of large volumes of data; and that allows the
integration of databases from different sources as environmental information (daily air pollutants
concentrations, dispersion models), meteorological data and health data (daily counting of deaths and
morbidity events, and synthetic indicators). In addition, it’s presented how the statistical software R can
access the information and some epidemiological and machine learning models are recommended for the
mining of data of air quality and health useful for the evaluation of strategies and public environmental
policies in the region. This tool arose from the interaction between environmental public authority of the
region – Area Metropolitana del Valle de Aburrá- and Universidad de Antioquia, in view of the need for data
integration and environmental health monitoring.
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Air pollution levels in DKI Jakarta, capital city region of Indonesia, are high and rising, posing a serious public
health threat to 32 million residents. In 2017, the annual average concentration for particulate matter with
aerodynamic diameter of less than 2.5 micron (PM2.5) was 41 ug/m3; daily concentrations rarely meet the
World Health Organization’s health-based air quality standard of 25 ug/m3. The current official air pollution
monitoring conducted in Jakarta is inadequate: PM2.5 is not monitored nor have there been recent
assessments of particle composition to inform source apportionment. These limitations and a lack of
reliable emissions inventories and regional air pollution data are barriers to planning and implementing
greater control of air pollution in DKI Jakarta. In 2018, the Governor’s office announced “Grand Design: Air
Pollution for a Healthy Livable City” to carry out a multi-stakeholder assessment and planning process to
produce recommendations for air quality improvement in Jakarta. This talk highlights approaches to
combining strategic use of innovations in air pollution monitoring, emissions estimation and source
apportionment modeling to inform near-term control measures for priority sources at a local and regional
level in Jakarta. Topics to be addressed will include: emerging results from source apportionment work
underway to identify leading PM2.5 sources in the metropolitan area, an innovative strategy for improving
monitoring, the policy implications of emerging local data on air pollution and stunting, and the challenges
of addressing both local pollution sources within direct control of DKI Jakarta and transported pollution
from sources such as episodic haze from peatland fires.
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Background
In achieving a low-carbon society within the 2°C target, countermeasures to decrease PM2.5 have been
underway. While these countermeasures have aimed to decrease future emissions, optimal
countermeasure combinations related to short-lived climate pollutants and other major air pollutants and
their impact on PM2.5-related premature mortality have not been fully elucidated. In literature, most
studies assume arbitrary changes in emission reduction countermeasures, which further results to
unrealistic disease burden estimates. This study builds upon specific countermeasures which are relevant to
a low-carbon society and is also coherent with the 2°C target. Specifically, the study aims to determine the
impact of the countermeasures on the changes in PM2.5-related premature mortality.

Methods
Combinations of these countermeasures (i.e. “End-of-Pipe”, energy conservation measure, renewable
energy, coal-fired power plant with carbon capture and storage, change to electrification measures) were
utilized to create a 0.5 by 0.5 emission mesh of SO2, NOx, black carbon (BC) and organic carbon (OC),
respectively; all of which affects PM2.5 concentration. Generated mesh of each emission was utilized to
calculate the disease burden due to PM2.5, with 2010 as reference year.
Results
If countermeasures were to be implemented, EoPmid-RESBLDTRT [combination of “End-of-Pipe” measures
with 100% introduction to advanced countries and 50% in developing countries by 2050 + renewable energy
(power generation sector) – 2°C target + electrification measures (business/households) – 2°C target +
electric vehicles (EV) – 2°C target], was observed to have the greatest number of averted deaths in 2040
(6,000,000 deaths). While enforcing EoPmid countermeasure results to minimal changes in premature
mortality (1,800,000 deaths). Higher magnitude of reduction in premature mortality was particularly
apparent in South and East Asian regions.
Conclusions
Stringent enforcement of “End-of-pipe” measures coupled with 2°C target measures of electrification,
introduction of EV and renewable energy, results to a substantial decrease in future PM2.5-related
premature mortality.
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Background
Many substances have been shown to affect the endocrine system and consequently cause adverse effects
in living organisms or populations. The European Union (EU) identified this issue of endocrine disruptors
(EDs) in the 1990s and has since then developed regulations specifically referring to EDs.
Aim
We reviewed the EU regulations that relate to EDs.
Main conclusions
Minimising overall exposure of humans and the environment to EDs was defined as an aim in the 7th
Environmental Action Program and 2018 EU framework on EDs. Attaining this goal requires a) a crosssectorial (“horizontal”) definition of EDs; b) a guidance document explaining how to apply the definition
using test results and scientific literature to identify EDs; c) tests covering all ED modalities (e.g. estrogenic
or thyroid-related modalities); d) legal requirements to make these tests compulsory in application dossiers
submitted by an industry willing to market a new substance; e) a management logic for substances and
products that turn out to contain EDs.
Currently, a legal definition of EDs only exists for biocides and plant protection products (pesticides), the
sectors with the most advanced EDs regulation in the EU. However, even for pesticides, the regulation is
imperfect, in that a definition and a management logic exist (zero exposure to EDs in pesticides) but without
appropriate ED tests covering all ED endpoints being compulsory in application dossiers. These omissions
make ED identification very difficult in practice.
The lack of efficient consideration and regulation of EDs is more pronounced in other sectors where human
ED exposure is also very likely, such as food additives and food contact materials (including non-plastic food
contact material), cosmetics, toys, consumer goods and workers’ protection, where EDs are sometimes
even not defined. We present recommendations regarding test development, test requirements and
management of EDs across sectors.
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Background: Previous evidence has shown that smoke-free policies reduce hospital admissions due to
respiratory causes, but the impact on 30-day readmission has not been determined. Since 25 states in the
U.S. have not adopted comprehensive smoke-free legislation, it is likely that patients return to an
environment that increases risk of a secondary event.
Aim: The aim of this study was to investigate the impact of smoke-free policies on 30-day readmission rates
for adults ages ≥65 years following hospitalization for chronic obstructive pulmonary disease (COPD) in the
U.S.
Methods: The U.S. Tobacco Control Laws database, Centers for Medicare and Medicaid Services Hospital
Readmissions Reduction Program dataset, the American Hospital Association annual survey, the Area Health
Resource File, and U.S. Census Bureau Current Population Survey were merged at the county level for years
2013-2016. Hierarchical Poisson regression models were utilized to calculate incidence rate ratios (IRRs) to
determine the impact of full, partial, and no smoke-free policies on 30-day readmission rates after COPD
hospitalization. Statistical adjustments were conducted to account for potential confounding at the county
and hospital levels.
Results: The study examined data from 1,788 counties. Of these, 835 (47%) counties had full smoke-free
policies, 569 (32%) had partial smoke-free policies, and 384 (21%) had no smoke-free policies. Multivariable
analysis adjusting for both county and hospital characteristics revealed that the presence of full (IRR: 0.81,
95% CI: 0.76, 0.88) and partial (IRR: 0.87, 95% CI: 0.81, 0.92) smoke-free policies were associated with
reductions in 30-day readmissions for COPD-related hospitalizations when compared to counties with no
smoke-free policies.
Conclusions: The implementation of smoke-free policies is an effective measure for reducing 30-day
readmissions following hospitalization due to COPD, with stronger policies resulting in decreased risk.
Efforts to reduce COPD-related 30-day readmissions should include the implementation of smoke-free
policies.
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Background
Poisonous plants comprise the third largest category of poisons known globally. Plant toxicoses occur
globally, but southern Africa’s diverse flora puts the region high on the list of likely exposure to poisonous
plants. Accidental ingestion of plants resulting in acute poisoning is more common in pre-school children
and is likely to be higher in societies where plant-based traditional medicines are commonly used. To inform
public education messages, the aim of this study was to document the knowledge, perception and use of
poisonous plants within the Luthuli/Umnini Tribal Authority (KwaZulu-Natal, South Africa).
Methods
Purposive sampling was used in this study to recruit local cattle farmers, traditional healers and medicinal
plants gatherers. A community advisory board (CAB) assisted with participant recruitment and selection of
participants thereafter snowball sampling was used. Six participants per community undertook
ethnobotanical transect walks to identify poisonous plants in five local communities.
Results
Numerous poisonous plant species were identified growing along roadsides and around households.
Identified exposure harms ranged from skin rashes to death. To reduce poisonous symptoms after
ingestion, common anecdotes included drinking milk or warm water. Some stated that boiling plant parts
will reduce poison. Many of the poisonous plants were also used therapeutically as traditional medicine.
Conclusion
To bring the benefits of traditional knowledge to societies and communities, there is a need for its
integration into education. Through the use of culturally relevant messages, reduction of plant poisonings
will positively improve the quality of health, and thus quality of life, of both individuals and communities.
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Objective: This study aimed to assess the health risk by particulate inhalation within Abuja Municipal Area,
Nigeria and analyze the potential sources of particles and results may establish a baseline data on the
particulate matter and provide scientific basis for the air pollution control.
Methods: The study was conducted from August to September 2018. A handheld portable smart Air Quality
Detector BR-SMART-126 was used to measure Particulate Matter (PM2.5 & PM10) at 20 different locations.
Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) Model for backward trajectory was applied
to tract the air flow (transportation) and potential sources. Health risk was estimated by comparing with the
air quality index (AQI) stipulated by World Health Organization (WHO).
Results: The result shows that the daily averaged concentrations of PM2.5 varied from 15.30 25 µg/m3 to
70.20 25 µg/m3. Four (4) locations (10, 14, 17 and 18) out for the Twenty (20) locations were found to be
above the acceptable (25 µg/m3) AQI limit stipulated by WHO which all fell under very unhealthy AQI value
index. In general, business/commercial locations had the highest PM2.5 level followed by transport/market,
offices/mixed use and residential. The result implies that population or workers within the business location
are at health risk based on the relatively poor air quality in these areas especially location 10 and 17. The
results from the backwards trajectories shows that the sources of local particles for the 4 most polluted
locations shows long range air transport originated from the Atlantic ocean.
Conclusion: Based on this findings, it is recommended that the regulatory and enforcement agency needs to
develop a more robust monitoring mechanism, regulations and enforcement. Also there is need for a
national drive on clean energy to form cleaner air initiatives for a safe environment as well as reduce
particulate matters in the city.

201

TPS 652: Air pollution exposure modeling 2
Inter-comparison of Publicly-available National-scale Integrated Empirical Geographic
Regression Models for Outdoor Air Pollution in the Contiguous United States
Bechle M1, Marshall J1
1

University of Washington

TPS 652: Air pollution exposure modeling 2, August 28, 2019, 3:00 PM - 4:30 PM
Background/Aim: Over the last decade, advances in computing, geographic information systems, open data,
and remote sensing have birthed a new class of national- and global-scale, empirical prediction models for
outdoor air pollution. We refer to these models as “Integrated Empirical Geographic” (IEG) regression
models. To-date there are multiple national-scale IEG models for several outdoor air pollutants in the
contiguous US. These models typically employ the same regulatory monitoring data for model building, and
often share many covariates, but have widely varying model structure. Here we aim to assess the level of
agreement among publicly-available IEG models for the contiguous US.
Methods: We employ publicly available IEG model predictions at consistent geographic units (Census Tract)
for four outdoor air pollutants: PM2.5 (4 models; at least two coinciding models for years 1999-2014), PM10
(2 models; 1990-2010), NO2 (3 models; 1990-2012), and O3 (2 models; 2002-2014). Agreement between
model predictions at Census Tract locations were assessed for each coinciding pollutant and year at the
national and regional level, as well as for urban versus rural locations.
Results: Tract-level predictions from the IEG models explored here exhibit the best agreement for NO2
models (r = 0.93-0.97) but are generally consistent amongst models for PM2.5 (r = 0.87-0.96) and PM10 (r =
0.84-0.95). Model agreement is slightly worse for O3 (r = 0.83-0.88), owing to poor agreement in California
(r = 0.55-0.75 in CA, r = 0.94-0.97 excluding CA). We observe no strong temporal trends in agreement (e.g.,
better model performance in more recent years).
Conclusions: There is generally good agreement amongst the national-scale Tract-level predictions explored
here, with one exception (O3 in CA) that requires further exploration. Examining agreement amongst
models in space and time will provide important insights into how model structure and input data may or
may not impact national-scale IEG predictions.
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Background / Aim
Chronic exposure to PM2.5 is associated to increase all cause mortality and morbidity. To assess those
effects, many deterministic and probabilistic air pollution exposure assessment methods have been
developed around the world. The aim of this study was to develop a method to geocode and assess chronic
PM2.5 exposure in a Mexican Teacher's Cohort.
Methods
Study area was the Mexico City Metropolitan Area (MCMA), located in the center of the country and
composed by 76 municipalities. We geocoded home and work (school) addresses for each teacher. Then, we
developed a spatio - temporal predictive model of chronic PM2.5 exposure over the 2004-2016 period. We
used geographical, meteorological and pollutant predictors to fit generalized additive models (GAMs) to
predict monthly PM2.5 at individual level, which consider within-city spatial gradients. Selection of the
models was determined through the R2, AIC and REML coefficients. Validation was performed using 10-fold
cross-validation. Developed model was used to assign teachers’ exposure assuming an 8-hr workday and 16hr at home.
Results
We assigned coordinates to each home address using the centroid of the reported zip code al baseline; and
the school coordinates provided by National Service of Schools Information to geocode the work address at
baseline and follow-ups. In total, n=17,460 teachers had both addresses geocoded.
The PM2.5 GAM model had high predictive accuracy (R2=0.86). Pollutant variation was found in the effects
of geographic, meteorological and pollutant covariates like: PM10, NO2, SO2, weekend, season, federal
holidays, year, relative humidity, temperature, wind speed, population density and lineal meters of streets
within 500 meters.
Conclusion
Our model provides reliable estimates of monthly-average PM2.5 concentration, with high spatial
resolution. Thus, these exposure assessments are suitable for estimating chronic health effects of
populations in the MCMA.
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Background: Many developing countries are experiencing a double burden of ambient and household air
pollution (AAP, HAP). However, few previous studies have quantified personal exposure to AAP and HAP at
the same time. Based on the ongoing China Kadoorie Biobank (CKB) cohort of 0.5 million Chinese adults, a
pilot study was conducted to assess the feasibility of collecting and integrating multi-dimensional data to
assess personal air pollution exposure.
Study design: The study involved 451 participants (mean age: 58 years; 72% female) from two rural (Gansu,
Henan) and one urban (Suzhou) sites of CKB, with personal exposure measurements made in warm (May–
September 2017) and cool (November 2017–January 2018) seasons.
In each season, each participant carried a Berkeley Air PATS+CO monitor (measuring fine particulate
[PM2.5], carbon monoxide [CO], temperature, relative humidity [RH] every 10s) for 120 consecutive hours.
Two additional PATS+CO were placed in the kitchen and sitting room. A TSI DustTrakTM DRX Aerosol
Monitor and two in-house CAS–A1 were placed in a representative location of the survey community to
capture local ambient levels of PM, nitrogen oxides, ozone, CO, temperature and RH. Participants were
interviewed twice to report their 24-hour time-activity on a weekday and the weekend, and exhaled CO and
blood oxygen saturation were measured. Participants also reported sociodemographics, smoking and HAPrelated exposure (e.g. fuel use patterns).
Emerging findings: Mixed use of clean and solid fuels was common for cooking in rural (42%) but not urban
sites (0%), but most (81%) rural participants still used only solid fuels for heating. Participants spent >90% of
their time indoors. Extreme peaks of PM2.5 (>1000 µg/m3) were frequently recorded in homes burning
solid fuels for cooking or heating, especially in the cool season. Future work will focus on developing an
integrated personal exposure model.
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Background: Regression modelling is the most commonly used method for personalised air pollution
exposure assessment. These models often incorporate a large number of land-use variables for which the
causal relationship to air pollution is not clear. Moreover, it has been challenging to apply them to exposure
assessment at a high temporal resolution. Formulating a regression model which takes into account wellestablished dispersion principals may improve previous capabilities. Methods: we designed a non-linear
regression model which is based on traditional Gaussian dispersion. This model has 9 regression parameters
which were optimised to provide the best fit between modelled and observed nitrogen oxides
concentrations at the 39 regulatory air quality monitoring locations in our study area. Results: Using a single
representative wind direction for the entire study area, the new model performed better than InverseDistance-Weighing (IDW) and a simpler regression model (TI-ODM). In particular, the cross-validated Mean
Spatial Pearson Correlation (MSPC) was 0.23 over a dataset of 3500 unique half-hourly time-points, versus
0.19 for TI-ODM and 0.14 of IDW. The MSPC is particularly interesting when considering the epidemiological
applications of exposure models. It was striking that all models performed much worse in predicting total
nitrogen oxides than the nitrogen dioxide predictions shown in previous studies over the same area. A
heterogeneous wind field was incorporated through a puff-like regression model. This model was applied
both dynamically (i.e. having memory terms that propagate from each half-hourly time-point to the next)
and statically (each time-point modelled separately as a “clean slate”). The static version performed much
better (Nash-Sutcliffe efficiency=0.3 in the static version vs. -537.9 in the dynamic version). However, the
static version could be run only in cross-validation mode due to computational limitations. Conclusions: In
future work, this model must be qualitatively validated. If successful, it can be applied to epidemiological
studies.
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As low-cost air sensors become readily available, communities have opportunities to collect air quality and
exposure data to improve their knowledge and contribute to environmental and public health research and
policy decisions. Citizen scientists in Globeville, Elyria Swansea (GES), an environmental justice community
in Denver, conducted air quality and exposure measurements for PM2.5 in the Summer and Fall of 2018
using RTI MicroPEM sensors.
MicroPEMs were placed at 12 sites within the community as a neighborhood-scale sensor network,
including near-road (NR) sites collocated with reference monitors. Citizens (n=19) measured their exposures
and completed time-activity diaries for a 72-hour monitoring period. MicroPEMs showed high accuracy
(>90%) after adjustment using filter-based gravimetric data and correcting temperature-associated bias.
Black carbon (BC) was analyzed from the MicroPEM filters.
Ambient PM2.5 data showed spatial variability with up to 3 times difference between site pairs. We
observed up to 2.5 times higher PM2.5 levels in Summer. The temporal measurements among the 12 sites
were highly correlated (Pearson r > 0.7) with 84% of PM mass as BC, showing a large influence of traffic on
the community air quality. For personal monitoring, individual’s exposure levels varied by day, influenced
by activity types. Real-time peak concentrations matched with participant-reported exposure events such as
proximity to combustion sources and cleaning. On average, personal PM2.5 exposures were higher than the
nearby ambient sensor measurement and lower than the NR site. However, for the individuals with high
exposure events, the personal levels were 6-24 times higher than nearby ambient sensor levels. This study
shows the value of low-cost sensors in assessing the spatial and temporal variabilities of air quality and the
degrees of exposure measurement error, which is critical for accurate epidemiologic models. Additionally,
the sensors are useful tools for behavioral intervention to reduce air pollution exposure. EPA Grant
Number: RD83618701
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Background
Long-term exposure to air pollution has been consistently associated with adverse health effects and
reduced life expectancy. Air pollution is a mixture of multiple pollutants originating from a large variety of
sources and includes various substances classified as carcinogenic or probably carcinogenic to humans.
Identifying the long-term effects of these airborne pollutants requires the computation of the spatiotemporal variability of concentration to estimate the exposure of the population.
Aim
To provide an accurate assessment of long-term air pollution exposure (including airborne PM10, PM2.5,
NO2, O3, BaP, PCB, PCDD/F and cadmium (cd) exposure in the whole France and in a case-control study
nested in the French national prospective women’s cohort (E3N)
Methods
Hourly airborne pollutant concentrations over the study period (1990-2010) were computed using a
chemistry- transport model (CHIMERE) with a spatial resolution of 7x7km². Cohort’s subjects were manually
geocoded and annual concentrations were attributed to each subject’s address (n=19669).
Results
Simulation scenarios of air pollutant concentrations show the variability of the pollutant sources over time
with general decreasing levels of pollutant concentrations in air. At the E3N subject’s address, we observed
a decline of concentration for all pollutants (PM10:-41%; PM2.5:-45%; NO2:-34%; PCB:-74%; PCDD/F:-87%,
Cd:-68%; BaP:-45%) except for O3 (-0.04%). The percentage of subject exposed to an annual concentration
exceeding WHO recommendation (PM10: 20 μg/m3 ; PM2.5: 10 μg/m3) decrease form 74% to 8% for PM10
and from 99% to 64% for PM2.5. We also observed strong territorial inequalities with differences in
atmospheric concentrations that could be greater than a factor of five between regions.
Conclusions
Findings from this study will be essential to increase the accuracy of the assessment of long-term airborne
pollution exposure and will improve the results of epidemiological studies. The spatial resolution of
concentrations will be improved by using complementary models such as land use regression.
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Background/aim: Active mobility may play a crucial role in exposure to environmental substances (e.g.
traffic-related air pollution, livestock emissions), but data about actual mobility patterns are work intensive
to collect, especially in large study populations. We have previously collected mobility patterns in a group of
941 participants of a rural exposure study, using week-long GPS tracking. The goal of this study was to
develop and validate different strategies to predict mobility based on personal characteristics, self-reported
mobility patterns, and spatial predictors.
Methods: We predicted hours/week spent on active mobility based on personal characteristics (e.g. age,
sex, pre-existing conditions), self-reported data (e.g. hours spent commuting per bike) or spatial predictors
such as home and work address. Modelled hours/week spent on active mobility were compared with
matching GPS measured hours/week, using linear regression and kappa statistics.
Results: Modelled and measured hours/week spent on active mobility had low correspondence and even
the best predicting model based on self-reported data, only resulted in a R2 of 0.09 and kappa of 0.07. A
visual check showed that, although predicted routes to work appeared to match GPS-measured tracks, only
a small proportion of active mobility was captured in this way, thus resulting in a low validity of overall
predicted active mobility.
Conclusions: We were unable to develop a model that could accurately predict active mobility, the best
performing model was based on detailed self-reported information, but still resulted in low
correspondence. For future studies aiming to evaluate the contribution of home-work traffic to exposure,
applying spatial predictors may be appropriate. Measurements still represent the best possible tool to
evaluate mobility patterns.
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Background: Fine particulate matter air pollution (particles with diameter less than 2.5 µm, PM2.5) is
known to exacerbate asthma symptoms in children; however, recent toxicological evidence suggests that
respiratory health effects may be more strongly related to ultrafine particles (UFP; particles with diameter
less than ~ 0.1 μm). Due to complexities of exposure assessment and the lack of a regulatory monitoring
network for ultrafine particles (UFP), the relationship between UFP and PM2.5 exposures and their impacts
respiratory health remains unclear, especially for susceptible populations.
Methods: We measured personal exposures to PM2.5 and UFP for 25 children aged 8-16 with asthma on 4
consecutive days. Exposure measurements were paired with a GPS receiver allowing for apportionment of
exposure to different microenvironments (ME; home, school, transit).
Results: Exposures to both particle size fractions were highly variable and short-duration, high-intensity
peak exposures were found to contribute substantially to cumulative exposures. We found that peaks
contributed to 25% of cumulative exposure at home, on average, and high maximum concentrations were
observed in all MEs for both PM2.5 (up to 1021.5 µg/m3) and UFP (up to 1488 µm2/cm3). We also found
that while UFP concentrations increased due to activities such as cleaning and burning candles at home,
PM2.5 concentrations did not follow the same trend in some cases, leading to poor correlations between
PM2.5 and UFP exposures during these events.
Conclusions: Our findings suggest that PM personal exposure assessment should be conducted at high
spatiotemporal resolution in order to appropriately characterize the short-duration, high PM
concentrations, and to provide insight as to the associated activities and sources. Furthermore, the distinct
trends in UFP and PM2.5 concentrations associated with different activities suggests that UFP is an exposure
that is independent of larger PM and should be monitored in personal exposure assessment campaigns.
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Background
Denver, Colorado, a large metropolitan area at the base of the Rocky Mountains (elevation: 1609 m), suffers
from poor air quality. Traffic is thought to be the predominant pollution source, but agriculture and industry
also contribute. Our goal was to develop a land use regression (LUR) model to predict black carbon (BC)
concentrations across the study area.
Methods
Two campaigns were conducted to capture filter-based integrated black carbon (BC) measurements during
spring and summer of 2018. BC was measured using transmissometry; weekly concentrations were
calculated for each filter and averaged to monthly means. Land-use characteristics were identified and
summarized for buffer distances ranging 100-2500 m. We also included BC data from the local monitoring
network and variables indicating the presence of wildfire smoke. BC concentrations were log-transformed
prior to model fitting. Covariates were selected using a two-step process. First, a generalized linear model
was fit using the least absolute shrinkage and selection operator (LASSO). Second, a linear model was fit
using LASSO-selected variables and used to predict monthly concentrations for a 250 m grid across the
study area. We validated our LUR using leave-one-out cross-validation (LOOCV).
Results
We collected n=512 filters from >50 locations across the study area. Minimum, mean (SD), and max BC
concentrations were 0.4, 1.5 (0.8), and 5.6 μg/m³, respectively. As expected, BC concentrations were
highest near major roads. For BC, the three most important predictors (based on t-statistics) were average
elevation (500 m buffer), annual average daily traffic (100 m buffer), and development intensity (1000 m
buffer). The LOOCV R2 value was 0.67.
Conclusions
Our LUR reasonably predicted BC concentrations for the two seasons sampled. Additional measurements
collected during the fall and winter seasons should improve model fit and allow us to better estimate trafficrelated air pollution exposure in a high elevation region.
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Background. Carbon monoxide (CO) is a toxic gas abundantly present in indoor and outdoor environments.
CO exposure misclassification has resulted in under-recognition of its health effects at population level. We
therefore aim to assess methods available for CO measurement and identify major sources of error leading
to exposure misclassification.
Methods. A literature search of PubMed and Embase was conducted using the keywords (“carbon
monoxide” AND “exposure” AND “measurement”), identifying 682 and 985 hits respectively. Studies
focusing on the biological and physiological mechanisms of CO exposures or not with CO as primary scope
and using animal- or cell-based approaches were excluded.
Results. After removal of duplicates, 80 studies were included. While biological monitoring is the most
frequent method for CO exposure measurement in specific groups (28 studies), such as smokers or children,
environmental monitoring and modelling are mainly employed to assess CO exposure from a population
perspective (19), with proximity models and fixed/central site monitors as main indirect methods. Proximity
models lead to exposure misclassification due to parameters influencing the dispersion of pollutants and
human activity patterns not being considered. Ambient monitors only measure outdoor CO exposure,
despite indoor exposure being the major exposure pathway. Thus, a combination of direct and indirect
methods is generally employed (33). However, direct methods are prone to significant measurement error,
both classical and Berkson-type errors, mainly deriving from inaccurate biomarkers and CO monitors, which
do not fully account for intra- and inter-individual variability nor for errors deriving from laboratory
sampling, storage and analysis conditions.
Conclusion. Current methodologies for CO exposure assessment are limited by inadequate consideration of
expected sources of error, in particular in the use of biomarkers for validation. Recognizing such errors is
expected to support design of improved exposure assessment methods, thereby leading to reduced
misclassification and more valid estimates of CO effects.
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The health effects of traffic-related air pollution (TRAP) continue to be of important public health interest.
Following its well-cited 2010 critical review, HEI has appointed a new expert Panel to review the literature
on the health effects of long-term exposure to TRAP. A systematic approach is being followed to search the
literature, assess study quality, summarize results, and reach conclusions about the body of evidence.
The Panel developed a framework of exposure to TRAP to guide selection and evaluation of epidemiological
studies. The new framework builds on the 2010 HEI Report and has inclusion criteria in three domains
focused on definition of: (1) traffic-related pollutants; (2) scale of exposure contrasts related to specific
study design; and (3) specific exposure assessment methods. For a study to be included in the review, the
Panel must be able to apply the exposure framework and obtain positive confirmation that exposure
contrasts are primarily traffic-related.
The framework has been tested on a selection of 10,000 identified studies and 260 ambiguous studies were
discussed by the Panel to revise and clarify the framework for study selection. Included exposures include
tailpipe and nontailpipe pollutants and other measures of traffic proximity or density. The Panel is
considering studies both near and farther from the near-road environment because traffic contributes to
ambient air pollution at neighborhood and urban scales. Exposure assessment approaches include traffic
distance or density measures, models, and monitoring.
The review, currently underway, will undergo peer-review in 2020 and publication is aimed for late 2020.
The new review will be an authoritative update of HEI’s most-cited report for use by researchers and policy
makers. It is anticipated that the Special Report will have a separate section to describe in detail the
development and application of the exposure framework.
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Background: Portable air quality monitors (PAM’s) have the potential to measure personal pollutant
exposures and guide health-based decision-making. However, limited research has evaluated the
performance of available PAM’s.
Methods: We evaluated 9 PAM’s developed by Atmospheric Sensors Ltd (model 520), equipped with
sensors for temperature and relative humidity, Alphasense® electrochemical cells for nitrogen dioxide (NO2)
and ozone, and an Alphasense® optical particle counter for fine particulate matter (PM2.5). We compared a
reference PAM to gold standard stationary monitors for 3 months per pollutant using state-owned monitors
at urban street-level for the gases, and a Beta Attenuation Mass monitor five stories above street-level for
PM2.5. We constructed linear regression models to compare daily exposure averages of the reference PAM
to stationary monitors. Next, we placed the remaining PAM’s side-by-side the reference PAM for 4-15
weeks in indoor and outdoor settings and compared measurements.
Results: The reference PAM correlated well with stationary monitors for ozone (R2=0.77), temperature
(R2=0.91), and humidity (R2=0.92), moderately well for PM2.5 (R2=0.42), and poorly for NO2 (R2=0.09).
Side-by-side PAM comparisons were very good for all pollutants (R2 >0.80), although the specific calibration
formulas of each PAM vs reference PAM were different. Using these calibration formulas, median
(interquartile range) daily exposure was 10.5 µg/m3 (4.2) for PM2.5, and 10.5 ppb (3.7) for ozone using
2,757 observation-days among 27 Boston-area residents who spend most of their time at home. Additional
calibrations against reference monitors are planned.
Conclusions: Portable PAM’s using Alphasense® technology provided daily measurements that were
generally consistent between monitors and aligned reasonably well with stationary monitors for ozone and
PM2.5. This technology is a promising tool for health-effects research. Its use by patients to guide healthbased decision-making is likely premature, due to the multiple mathematical steps required to convert
manufacturer’s values to air pollutant concentrations.
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Background/Aim:
Air pollution, a mixture of gases and particles suspended in the air, is the major environmental health threat
globally. Assessment of concentrations of air pollution at places where people are exposed is necessary for
assessing health impacts from air pollution. Commonly used methods for such assessment are land use
regression and dispersion modelling. Dispersion modelling relies on a detailed inventory of pollution sources
and calculations of compound dispersion and incorporates both spatial and temporal variation.
The objective of this study was to evaluate results of a Gaussian dispersion model applied on an emission
inventory for Scania, the southernmost county in Sweden.
Methods:
Dispersion modeling, based on particulate matter (PM) and Black Carbon (BC) sources during an 11-year
period (2000-2011) was performed. For evaluation, concentrations measured at seven monitoring stations
were used. Correaltion and bias were studied.
Results:
Mean concentrations expressed in μg/m³ range from 10.1 - 12.6 and 14 95th percentiles from 16.6 - 20.7
for PM < 2.5 μm in aerodynamic diameter (PM2.5), and between 15 14.0 - 18.8 and 22.6 - 27.0 for PM < 10
μm in aerodynamic diameter (PM10), respectively. Correlations (r2) ranged from 0.44 - 0.86 with mean bias
from -8.99 - 0.10μg/m³ for PM2.5 and for PM10 from 0.83 - 0.46 with mean bias from -6.13 - 3.49 μg/m³.
These correlations are in agreement with what has been found in studies using other methods such as land
use regression, for assessment of air pollutant concentrations.
Conclusions:
In conclusion, we have a database of PM and BC concentrations based on a well-known dispersion model
and detailed emission data evaluated and ready to be used for exposure assessment in epidemiological
studies as well as health impact assessment studies.
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Determination of time-activity pattern based on real-time personal exposure positioning
Qinghua Sun, Tiantian Li#
National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing
100020, China
Background/ aim: In the research of individual pollution exposure measurement, determination of timeactivity pattern is an important factor. Many researches used questionnaire survey to obtain data. Which
was inaccurate and time consuming. Therefor we developed a platform to identify the time-activity pattern
based on a real-time personal exposure positioning system. Methods: The platform has three modules: data
collection module, computing module, and visualization module. Data collection module collects data of
real time position, step number, movement speed, moving acceleration, and so on. Computing module
matches the time-activity pattern of subject, and monitors the status of hardware. Visualization module
offers interface of spatio-temporal data visualization, and the predicted time-activity pattern. The hardware
includes: Mobile phone (including sim card) and Wi-Fi in indoor environments. Mobile phone terminal was
installed different APP for researcher and research subjects separately. The indoor environments of each
research subject often remaining will be equipment with Wi-Fi. The system can identify and distinguish the
identity of each individual according to the unique MAC address of each wearable device, and then to judge
whether the research object is in indoor or outdoor environment. While the positioning of outdoor
environment will need to be provided with positioning interface by Baidu map (Baidu, Inc.), and obtain
latitude, longitude, poi and other relevant location information of the individual. Results: this system
overcomes several disadvantages in questionnaire survey. And can recognize the time-activity pattern of
research subject, including: indoor/outdoor, walking, running, ridding, driving, taking buses, taking subway.
Conclusions: The platform will provide technical support for time-activity pattern determination of
conducting large-scale personal exposure assessment.
# corresponding author
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Background/aim: Health risks due to air pollution in densely-populated Indonesian urban areas are
increasingly associated with transport activities. This represents a major health concern for Indonesia with
both economic and welfare implications. Availability of air quality data is limited in Indonesia, with the
current air quality monitoring network limited both in the number of stations and the number of years of
data. Although measures are underway to address this, to enable large scale epidemiological studies it is
currently necessary to identify proxies for traffic pollution. One potential source of exposure (and health)
data is the Indonesian Family Life Survey (IFLS), a longitudinal cohort study (initiated in 1993) representative
of 83% of the Indonesian population. This study aims to review the IFLS to identify possible indicators of
traffic pollution to enable epidemiological studies of traffic pollution on health.
Methods: The latest wave of the IFLS (2014) was reviewed to identify potential proxies for traffic exposure.
This included questions at the individual, household and community level. Preliminary analyses (logistic
regression) were conducted between school children (<15 years) and one of the IFLS measured health
outcomes (cough symptoms in past month), adjusting for potential covariates.
Results: A number of potential proxies for traffic exposure were identified, including individual level data on
urban/rural residence and time/distance/transportation costs to school, household level data on transport
costs and fuel consumption and community level data on road and public transport infrastructure. Initial
analyses suggested an urban residence, and whether the individual spent money on school transport in the
last month or year were significant predictors of cough in <15s.
Conclusions: The IFLS is potentially a useful and complete data source to enable wide scale epidemiological
studies on air pollution and health in Indonesia. Analyses are underway to explore this further, including
potential linkage between the 5 waves
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Introduction Panel studies have demonstrated associations between acute and chronic health effects and
air pollution. One main limitation of such associations lies in the representativeness of short-term exposure
to one’s daily true exposure. In this project, we aimed to create an empirical model that allows
extrapolation of snapshot campaign results and translation of ambient PM_(2.5) measurements into annual
averages, using residential PM_(2.5) exposures as an example.
Methods A total number of 72 subjects participated in the indoor monitoring of PM_(2.5) for 48 hours at
their residences in urban and rural Beijing during winter 2016 and summer 2017. An automated
classification algorithm was developed to separate residential exposure into indoor and outdoor origins,
which allows calculation for infiltration efficiency (F_(inf)) and net indoor contribution (∆in) from each
origin, respectively. Multiple linear regression models were built between home characteristics, F_(inf) and
∆in, to estimate annual exposure averages.
Results During winter 2016, the median ∆in and F_(inf) were 42.6 (IQR: 32.2-66.7) µg/m^3 and 0.57 (IQR:
0.51-0.69) for rural subjects, 24.1 (IQR: 10.3-38.4) µg/m^3 and 0.42 (IQR: 0.32-0.55) for urban subjects.
During summer 2017, the median ∆in and F_(inf) were 19.4 (IQR: 11.7-36.3) µg/m^3 and 0.7 (IQR: 0.610.76) µg/m^3 for rural subjects, 2.6 (IQR: 0-7.5) µg/m^3 and 0.58 (IQR: 0.4-0.7) for urban subjects. There
were significant seasonal differences for rural and urban sites (p < 0.05), and significant differences between
rural and urban sites for each season (p < 0.05). The models are currently under development and only
preliminary results were presented.
Conclusions This developed method is able to estimate annual exposure averages by extrapolating shortterm campaign results and translating ambient measurements. It has the potential to enhance the strength
of research evidence of health effects from panel studies.
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Background: PM2.5 exposure is known to have adverse effect on respiratory function in children. However,
most of the previous studies were based on the ecological evaluation of outdoor exposure. The aim of the
present study is to examine the association between individually monitored PM2.5 concentration and peak
expiratory flow rate (PEFR).
Methods: We recruited fifty-two 9-year-old children to conduct a panel study. Each child’s PM2.5 exposure
was measured using indoor air quality monitor equipped with light-scattering particle sensor. The indoor air
quality monitors were installed at the children’s classrooms and each child’s bedroom at their homes. We
calculated daily mean concentration for each child according to the time spent at each place. PEFR was
measured in 3 waves using peak expiratory flow meter at their class rooms (during week days) and homes
(during weekend) between 8 and 9 AM through March to November 2018. Each wave was consisted of 7
consecutive days. We measured the children’s heights and weights to calculate the body mass index (BMI),
and a questionnaire was administered to obtain information on covariates. We constructed a linear mixed
model to examine the association adjusting for age, sex, BMI, environmental tobacco smoke exposure,
housing type, previous history of asthma and allergic rhinitis, and monthly average household income.
Result: A total of 784 observations were included in the present analysis. The mean daily PM2.5
concentration was 33.7±13.16 μg/m3 and ranged between 11.2 and 99.78 μg/m3. The mean PEFR was
285.3±51.52 L/min. The regression coefficient of PEFR (L/min) for the increment of 10 μg/m3 of daily mean
concentration of PM2.5 was -3.73 (SE: 0.75, P-value<0.0001).
Conclusion: We observed a statistically significant adverse association between individually monitored
PM2.5 concentration and PEFR in 9-year-old children.
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Background:
This study aimed to evaluate the health impacts of air pollutants and meteorological factors (fog, haze, and
low cloud) under megacity conditions in central Taiwan. In addition, we used the Kriging interpolation and
land use regression for more accurate exposure assessment.
Material and Method:
We retrieved daily records of outpatient department (OPD) visits from the Health and Welfare Data Science
Center of the Ministry of Health and Welfare of Taiwan and included those for ischemic heart and
cerebrovascular diseases (ICD-9 codes 410 to 414 and 430 to 438; ICD-10 codes: I20 to 25 and I60 to I69) in
2016. We combined the air pollution data on the level of fine aerosol and chemical components obtained
from the air quality monitoring stations established by the Environmental Protection Administration in the
Taichung and Nantou areas with the meteorological data obtained from the Central Weather Bureau to
assess their associations with the OPD visits. Autoregressive integrated moving average and classification
and regression trees models were constructed to evaluate and describe the effects of air pollutants and
meteorological factors on the OPD visits for ischemic heart and cerebrovascular diseases.
Results:
The PM2.5 measured at station in Nantou and Changhua were significantly higher than those measured at
stations in Taichung. The OPD visits for cardiovascular and cerebrovascular diseases by residents nearby the
station in Nantou and Changhua were also significantly more than those paid by residents nearby the
stations in Taichung. OPD visits for ischemic heart and cerebrovascular diseases had positive association
with PM2.5 concentration on the same day and the day before.
Conclusions:
The level of PM2.5 was associated with OPD visits for ischemic heart and cerebrovascular diseases on the
same day and the next day. Further studies are needed to identify the susceptible populations and evaluate
the impacts.
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Background: Exposure to air pollutants while cycling may affect blood pressure (BP) and heart rate
variability (HRV) in the hours following exposure. We carried out a pilot study in New York City with 43
healthy commuting cyclists to test feasibility and to generate hypotheses for a larger cohort. Potential
inhaled dose (PID = minute ventilation multiplied by pollution concentrations) of PM2.5 and black carbon
(BC) may enable more reliable estimates of air pollution health effects.
Methods: Participants self deployed personal BC and PM2.5 air samplers, GPS, and physiological monitors
for five 24 hour periods over two weeks. Minute ventilation and heart rate variability were assessed using a
biometric shirt. An ambulatory blood pressure monitor logged BP at timed intervals. BP and HRV in the
hours post exposure were compared to pre-commute baseline readings.
Results: Pilot results showed a positive correlation between PID of BC during morning commutes and
systolic blood pressure following exposure. Correlations between change in systolic blood pressure and
mean PID of BC were strongest and significant on 2 hour lag (⍴ = 0.55 , p = 0.04) and 3 hour lag (⍴ = 0.53, p =
0.05), with weaker but consistent results for PM2.5. Results also showed a negative correlation between PID
of BC during morning commute and HRV following exposure. Correlations were strongest on a 30 minute lag
( ⍴ = -0.66 to -0.77). Increased PM2.5 dose decreased HRV on 2 - 4 hour lags (⍴ = -0.30 to -0.80).
Conclusion: Based on these pilot results, we hypothesize that increased PID of BC incurred during morning
bicycle commutes will predict increased systolic blood pressure and decreased HRV 2 to 3 hours after
exercise ends. These hypothesis will be tested in a cohort of approximately 150 cyclists.
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The harmful effect of PM on hospital outpatient visits for stroke has not been documented in Korea. In
addition, recent studies raised a question that effect estimates of PM10 on circulatory mortality could vary
over time. If the temporal heterogeneity in the effects of PM10 exists, using all the available data to
estimate the risk of PM10 for an extended period would not adequately represent the current or upcoming
risk. We aimed to estimate the effects of PM10 on hospital outpatient visits for stroke and investigate
whether the effects have changed over time in the seven major cities of Korea for 2002-2015.
City-specific effects of PM10 on outpatient visits for stroke were estimated using the time-series regression.
The estimates were aggregated using a random-effects model. To analyze the temporal variability, relative
risks of PM10 were estimated within five years of moving time window and compared by time.
A 10µg/m3 increase of PM10 for 2002-2015 was associated with increment in outpatient visits for
cerebrovascular disease (0.21%, 95% CI: 0.09%, 0.33%) and ischemic stroke (0.24%, 95% CI: 0.04%, 0.44%),
but not with hemorrhagic stroke (0.33%, 95% CI: -0.06%, 0.73%). Effect estimates for cerebrovascular
disease had increased from 2003 until around 2013 (2003–2007: -0.02%, 95% CI: -0.29%, 0.25%; 2009–2013:
0.48%, 95% CI: 0.30%, 0.67%) and then decreased afterward (2011-2015: 0.09%, 95% CI: -0.08%, 0.27%). A
similar trend was observed in both ischemic and hemorrhagic stroke.
The present study estimated the effects of PM10 on outpatient visits for stroke for the first time in Korea.
Also, there appears to be temporal heterogeneity in the effects of PM10. The observed temporal trend was
similar with that of previous studies using circulatory mortality outcomes, suggesting that the temporal
heterogeneity in PM effects in Korea might be due to systematic causes rather than random fluctuations.
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Background
Syndromic surveillance, a tool to evaluate the presence and scale of disease outbreaks, has had only limited
utilization in environmental health research. We adopted this framework to examine the relationship
between ambient ozone concentrations and respiratory symptoms in a large HMO-based healthcare system
in the Washington, DC area. We investigated the associations between changes in ozone concentrations
and utilization events with particular attention to nurse calls/emails as a leading indicator.
Methods
We assembled a database of data from Kaiser Permanente patients in the region for 2013-2014. Daily
utilization events for respiratory-related diagnoses were aggregated by census block-group: nurse
calls/emails, provider visits, emergency department/urgent care (ED/UC) visits, and hospital admissions. The
database was linked to 8-hr average daily measures of ozone concentration for each block group and we
modelled utilization event rates per 100,000 patients as a function of ambient ozone concentration.
Results
We found that changes in 1-day lag and 3-day moving average (MA) ozone levels were associated with
increases in nurse calls/emails, provider visits and ED/UC visits. The highest effects were found for nurse
calls/emails, specifically, a 10 ppb change in 3-day MA ambient ozone was significantly associated with a
3.50% (95%CI: 2.08%, 4.91%) change in nurse calls/emails. The same change in ozone was significantly
associated with a 1.53% (95%CI: 0.67%, 2.39%) change in provider visits and a 1.60% (95%CI: -0.09%, 3.30%)
increase in ED/UC visits. We did not identify associations with hospitalizations.
Conclusions
We utilized the framework of syndromic surveillance to evaluate associations between ozone and
respiratory-related healthcare interactions. We found the highest effects between changes in ozone
concentrations and subsequent nurse calls/emails. To our knowledge this is the first analysis to note such
effects. Our findings indicate the usefulness of utilizing previously little-studied healthcare interactions data
to understand respiratory effects of ozone exposure.
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Background: The association of personal exposure to fine particulate matter (PM2.5) with pulmonary health
in children is still largely unknown. We aimed to investigate the short-term effects of PM2.5 exposure on
various lung function outcomes among healthy Chinese children during their normal activities.
Methods: A longitudinal panel study was performed among 282 children aged 4-13 years from different
schools of urban (Wuhan) and rural (Henan) areas in China with up to three repeated visits across three
seasons from 2017 to 2018. Personal and real-time exposure to PM2.5 for 72h preceding each of health
examination was measured by personal samplers. Lung function test was performed by trained physicians.
We used linear mixed-effects models to estimate the effects of PM2.5 exposure on lung function over
various lag times.
Results: Acute exposure to PM2.5 was associated with an immediate lung function decline in both areas, but
the effects were inconsistent in different areas. Among children in Wuhan, the percent changes associated
with an increase of 10 μg/m3 in 13-24 h average exposure to PM2.5 was 0.40% for FEV1/FVC ratio, 0.82%
for forced expiratory flow 25-75% (FEF25–75%), 0.80% for forced expiratory flow of 50% of FVC (FEF50) and
1.28% for forced expiratory flow of 50% of FVC (FEF75); similarly, an increase of 10 µg/m3 in 49-72 h
average exposure to PM2.5 was associated with a 0.38% decrease in forced vital capacity (FVC), 0.41%
decrease in forced expiratory volume in 1 s (FEV1) and 1.34% decrease in FEF75 among children in Henan. In
addition, the effect of exposure to PM2.5 on lung function decline was stronger in those used coal fuels and
lived proximity to major roadways less than 300 miles compared with their counterparts.
Conclusion: Our findings suggest that acute exposure to PM2.5 might contribute to lung function decline
among healthy Chinese children.
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Background/Aim: Air pollution exposure has been linked to hospital admissions for ischemic stroke (IS), yet
the individual triggering effect of ambient sulfur dioxide (SO₂) on acute IS remains unclear. Our study aimed
to investigate the short-term association between SO₂ and IS hospitalizations by meta-analytic approach.
Methods: We systematically searched Medline, EMBASE and Web of Science to Feb 2019 for time series and
case-crossover studies which reported the association of daily increases in SO₂ with hospital admissions for
IS. We adapted a quality scale from OHAT and New Castle Ottawa to assess risk of bias of eligible studies.
Adjusted relative risks (RRs) with corresponding 95% confidence intervals (CIs) for a standardized increment
(10 parts per billion [ppb]) in SO₂ were combined using random-effect model. Heterogeneity within studies
was evaluated with I² statistic and explored by meta-regression analysis.
Results: Of 974 identified citations, 154 articles were reviewed in depth with 17 included in overall metaestimates. Hospital admissions for IS was not significantly related to a 10 ppb increase in SO₂ concentrations
(RR: 1.010; 95% CI: 0.996-1.023) with significant heterogeneity detected (I²=60.0%). In subgroup analyses,
similar results were found in both time series and case-crossover studies. Further meta-regression showed
that the high heterogeneity could be explained by geographical location (P=0.001). The summary estimates
for Europe, North America and Asia were 0.996 (0.989-1.004), 1.099 (0.965-1.253) and 1.014 (0.999-1.028),
respectively. For single-day lag analyses, a non-significant increase in IS hospitalizations was observed on
the same day and previous day of SO₂ exposure, but the case was inverse on the lag 2 (RR: 0.997; 95% CI:
0.972-1.022).
Conclusion: Our study indicated a non-significant adverse transient association between SO₂ and IS
hospitalizations. The lack of such association is intriguing and greater caution should be taken when
interpreting this finding; while it may prove informative for future research.
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Background/Aim: Exposures to TRAP are causally associated with exacerbation of asthma in children,
(Health Effects Institute, 2010 annual report). However, exposure assessment in most epidemiological
studies relies on data from central-site or personal monitoring without considering personal activity
patterns or ventilation rates. Our aims were to estimate the inhaled dose of TRAP using individual-specific,
time-activity data and compare the dose-response relationship with central-site and personal exposure in
children with asthma.
Methods: We recruited 35 school-aged children with asthma in seaport-adjacent communities of Newark,
NJ. For up to thirty consecutive days, we ascertained participants’ daily time-activity patterns along with
personal exposure to black carbon (BC), a surrogate for TRAP, and eNO, a marker of inflammation. We
calculated lag0 (i.e. previous 0-24 hour) and lag2 days (i.e. previous 48-72 hour) inhaled BC doses using
ventilation rates based on USEPA reference values and the air pollution exposure (APEX) model based on
time-activity data. Mixed-effect models were used to estimate relative risks (RRs) and 95% confidence
intervals (95%CIs) of changes in FeNO per interquartile range (IQR) increase in BC exposure.
Results: Compared with non-APEX calculation, the mean inhaled dose of BC using APEX model were lower
on both lag0 (41.88μg/day vs. 45.62μg/day; P value <0.0001) and lag2 days (42.45μg/day vs. 46.02μg/day; P
value <0.0001). High correlations were found between doses calculated with and without using the APEX
model on lag0 (r=0.89) and lag2 days (r=0.87). Inhaled BC doses based on either ventilation reference values
or the APEX model were not associated with changes in FeNO.
Conclusions: The inhaled BC dose estimated using APEX model were lower in both lag periods compared to
doses calculated based on reference values. However, associations between inhaled dose and acute
changes in FeNO were not observed.
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Background
Mortality related to short-term exposure to air pollution may be involved with very susceptible people. Such
people may have multiple comorbidities such as cardiovascular and respiratory diseases. This study aims to
initiate a discussion on whether, in investigating the effect of air pollution on mortality, other cause of
death can be a competing risk for death of interest in very frail individuals and mortality displacement can
occur due to this competing risk, which we call “inter-mortality displacement”.
Methods
To discuss inter-mortality displacement, we conducted a time-series study for the effect of short-term
exposure to PM10 and O3. We estimated pooled lag-structures (0-30 lag days) of the effect of short-term
exposure to PM10 (24-hour average) and O3 (8-hour moving average) on cardiovascular and respiratory
mortality from 2006 to 2013 in the seven major cities of South Korea. A lag-structure of temperature,
relative humidity, time-trend, day of the week, national holiday, and influenza epidemic were adjusted. A
lag-structure of PM10 and O3 was adjusted for one another. To compare air pollution-related cardiovascular
and respiratory mortality, we estimated attributable numbers.
Results
A total of 181,020 cases and 51,309 cases were identified for cardiovascular and respiratory mortality,
respectively. A 10-ppb increase in O3 were associated with -3.05% (95% confidence interval (CI): -5.25, 0.79) increase in cardiovascular mortality and 3.55% (95% CI: 0.23, 6.97) increase in respiratory mortality.
O3-related cardiovascular and respiratory mortality were estimated as -2,834 (95% empirical CI (eCI): 5,125, -705) cases and 796 (95% eCI: 66, 1,465) cases, respectively. PM10-related cardiovascular and
respiratory mortality were estimated as 909 (95% eCI: 27, 1,776) cases and 1,075 (95% eCI: 372, 1,713)
cases, respectively.
Conclusions
Analytic results and discussions of this study suggest the inter-mortality displacement hypothesis in O3related mortality (i.e., respiratory mortality may be a competing risk for cardiovascular mortality) in South
Korea.
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Background: Short-term exposure to ambient air pollution has been associated with lower pulmonary
function and higher blood pressure (BP). However, controversy remains regarding the relationship between
ambient multiple daily ozone (O3) metrics and cardiopulmonary health outcomes, especially in the
developing countries.
Objectives: To investigate and compare the short-term effects of various O3 metrics on pulmonary function,
fractional exhaled nitric oxide (FeNO) and BP in a panel study of COPD patients.
Methods: We measured pulmonary function, FeNO and BP repeatedly in a total of 43 patients with COPD
for 215 home visits. Daily hourly ambient O3 concentrations were obtained from central-monitoring
stations close to subject residences. We calculated various O3 metrics [daily 1-h maximum (O3-1h max),
maximum 8-h average (O3 -8h max) and 24-h average (O3-24h avg)] based on the hourly data. Daily indoor
O3 concentrations were estimated based on estimated indoor/outdoor O3 ratios. Linear mixed-effects
models were used to estimate associations of various O3 metrics with cardiopulmonary function variables.
Results: An interquartile range (IQR) increase in ambient O3-8 h max (80.5 μg/m3, 5-d) was associated with
a 5.9% (95%CI: -11.0%, -0.7%) reduction in forced expiratory volume in 1 second (FEV1) and a 6.2% (95%CI: 10.9%, -1.5%) reduction in peak expiratory flow (PEF). However, there were no significant negative
associations between ambient O3-1h max, O3-24 h avg and FEV1, PEF. An IQR increase in ambient O3-1h
max (85.3 μg/m3, 6-d) was associated with a 6.7 mmHg (95%CI: 0.7, 12.7) increase in systolic BP. The
estimated indoor O3 were still significantly associated with reduction of FEV1 and PEF. No significant
associations were found between various O3 metrics and FeNO.
Conclusions: Our results provide clues for the adverse cardiopulmonary effects associated with various O3
metrics in COPD patients and highlight that O3-8 h max was more closely associated with respiratory health
variables.
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Background: On December 30th, 2013, the Hong Kong government implemented the Air Quality Health
Index (AQHI) to reduce short-term impacts of air pollution on the population. However, whether air quality
alert programs, such as the AQHI, reduce morbidity is still questionable. Using a quasi-experimental design,
we conducted the first evaluation of the AQHI in Hong Kong focusing on respiratory morbidity.
Method: Interrupted time series with Poisson segmented regression from 2010 to 2016 were used to detect
any sudden or gradual changes in emergency respiratory hospital admissions, adjusted for air pollutants
(NO2, SO2, PM10, O3), temperature and humidity, when the AQHI policy was implemented. Findings were
validated using three false policy periods. We also assessed changes by specific respiratory diseases
respiratory tract infections (RTI), asthma, chronic obstructive pulmonary disease and pneumonia) and by
age.
Results: From January 1st, 2010- December 31st, 2016, 10576.98 deseasonalized, age- and sex-standardized
hospital admissions for respiratory diseases occurred in Hong Kong. On implementation of the AQHI, RTI
admissions immediately dropped by 14% (relative risk (RR) 0.86 95% confidence interval (CI) 0.76-0.98). In
age specific analysis, immediate reductions in hospital admissions, were only apparent in children for RTI
(RR 0.84, 95% CI 0.74-0.96) and pneumonia (RR 0.88, 95% CI 0.60-0.96).
Conclusion: Hong Kong’s AQHI helped reduced hospital admissions in children, particularly for RTI and
pneumonia. To maximize the health benefits of the policy, at risk groups need to be able to follow the
behavioral changes recommended by the AQHI index.
Keywords: AQHI; Respiratory diseases; Interrupted time series;Segmented regression

228

Contribution of Asian Dust to suspended particulate matter and its association with
daily mortality in Southern Japan
Ng C1, Tobias A2, Querol X2, Shimizu A3, Honda Y4, Hashizume M1, Gasparrini A5
1

Nagasaki University, 2Spanish Council for Scientific Research, 3National Institute for Environmental Studies, 4University of
Tsukuba, 5London School of Hygiene & Tropical Medicine

TPS 683: Short-term health effects of air pollutants 2, August 28, 2019, 3:00 PM - 4:30 PM
Previous studies investigating the health effects of Asian Dust (AD) have used different methods to identify
dust events. No study has formally characterized the contribution of AD to particulate matter. We adapted
the European reference method to quantify suspended particulate matter (SPM) by dust contribution to
examine the short-term association with total mortality in Fukuoka, Japan.
We identified AD events (April 2013 - December 2015) using multiple criteria – visibility indicator, Light
Detection and Ranging (LIDAR) data, SPM concentration and its ratio with fine particles (PM₂.₅). To estimate
net dust load on AD days, we first obtained background SPM level by applying monthly moving 40th
percentile to the observed SPM in Fukuoka on days without AD, and then subtracted this amount from total
SPM, providing the AD-related SPM. We estimated the associations of SPM by dust contribution (AD and
non-AD) with daily mortality using time-stratified case-crossover study design (conditional Poisson model).
Results were reported as relative risk (RR) per 10 μg/m³ increase in SPM.
There were 28 days of AD event (2.8%) observed mainly in spring and summer. Approximately 60% of SPM
was attributable to AD on these days. Mean estimated net AD load was 28.9 μg/m³ [standard deviation (SD)
= 12.7] versus mean [SD] SPM of 22.4 [11.7] μg/m³ for the whole period. The estimated RR for AD-related
SPM was 1.047 (95% confidence interval: 0.977, 1.018). For non-AD related SPM, the estimated RR during
AD and non-AD days was 1.239 (1.021, 1.504) and 0.991 (0.977, 1.006), respectively.
We found no evidence linking AD-related SPM to daily total mortality, but there was a positive association
between non-AD-related SPM and mortality on AD days, suggesting a synergic effect of atmospheric
pollutants and AD events. Nevertheless, findings and applicability of the reference method should be
confirmed in further studies in East Asia.
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Background/Aim:
Isoprostanes are a metric of oxidative stress. Significant declines were observed concurrent with changes in
air quality during the Beijing Olympics. The aim of this study is to determine if a change in air quality within
Salt Lake City, Utah (USA) was associated with a measurable change in the levels of this biomarker.
Methods:
A quasi-experimental analysis was conducted within an ongoing cohort (women 18-45, men 18-40) who
collected daily urine first morning urine on serial days. Urine samples were associated with air quality
measured at the nearest monitoring point for the previous day and categorized as a “green-air day” or “redair day” by air quality index (AQI). Participants (n=122) who collected urine on both a red and a green day
were included in this analysis. Isoprostane isomers isolated and analyzed include 8ip, 23d, VI, and 12i. Initial
analysis compared change in isoprostane levels for individual paired samples. Continuing analysis will
investigate dose response based on measured PM2.5 rather than the AQI color category with stratification
by sex and body mass index.
Results:
In the preliminary analysis, there was a small increase in urinary concentration for each isomer comparing
red to green air days. For each one-unit increase in PM, the increase for isoprostane 8ip = 0.001 ng/mL (CI 0.0007, 0.0027), 23d = 0.0049 ng/mL (CI -0.0048, 0.0147), 12i = 0.0175 ng/mL (CI -0.0364, 0.0715). For total
urinary isoprostanes, for every one unit change in PM there was a 0.0499 ng/mL (CI -.0591, 0.1590) increase
in total urinary isoprostane levels. Analysis stratifying by sex and BMI is ongoing.
Conclusions:
Preliminary analysis found there were no significant associations with AQI category and urinary isoprostane
levels. Continuing to investigate the implicated relationship between free-radicals and disease is valuable to
understanding human health.
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Background
There is extensive evidence demonstrating a link between short-term air pollution exposure, specifically fine
particulate matter (PM2.5) and ozone, and mortality; however, studies examining this association are
primarily conducted in urban areas, and do not encompass rural locations. The Lincoln project is based in 29
North Carolina counties and is focused on the challenges and impacts faced by individuals living in rural
areas, including environmental factors.
Methods
The Lincoln project case registry of out of hospital premature non-accidental deaths from 2014 (n = 890)
was used in a case-crossover design to examine associations between short-term PM2.5 and ozone
exposure and mortality. Control periods were selected on same day of the week within the calendar
month/year of the case death. Concentration estimates for PM2.5 (average) and ozone (8-hour maximum)
from the EPA’s Fused Air Quality Surface Using Downscaling model were linked to event and control periods
at lags of 0 and 1 days. Conditional logistic regression was used to estimate mortality ORs (95% CI) for a 4µg
increase in PM2.5 and a 10ppb increase in ozone.
Results
There was no evidence of association with PM2.5 on either lag day 0 or 1 (1.01 (0.93, 1.10); 0.99 (0.91, 1.08)
respectively). Ozone exposure at lag 0 was associated with elevated odds (1.08 (0.97, 1.19), which was
stable to PM2.5 inclusion. The association for ozone at lag 1 was lower (1.03 (0.92, 1.14)), and attenuated
with PM2.5 adjustment.
Discussion
Ozone exposure in rural areas may be associated with increased odds of mortality. Rural regions may
experience a different temporal pattern of ozone concentrations than urban areas due to the lack of
scavenging compounds, such as NO2. Increasing awareness of the health risks of air pollution is important
for professionals with the goal of improving rural health.
This abstract does not reflect EPA policy.
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Background: Short-term exposure to PM2.5 has been shown to be associated with changes in blood
pressure. However, most of the evidence is based on PM2.5 measurements from fixed stations. Very few
previous studies used real-time and to assess the impact of PM2.5 on ambulatory blood pressure.
Objectives: To compare the short-term impacts of PM2.5 exposure between real-time personal PM2.5
exposure and exposure from fixed stations on ambulatory blood pressure, and to compare the differences
in the effects of personal PM2.5 between daytime and nighttime, in 2 distinct sites in Guangzhou, China as
well as males and females.
Methods: Between 7 April 2017 and 31 December 2017, a total of 37 young adults were recruited in a panel
study from North Campus (in an urban area) and East Campus (in a suburban area), to measure personal
hourly real-time PM2.5 and ambulatory systolic blood pressure (SBP) as well as diastolic blood pressure
(DBP) for three consecutive days. Real-time PM2.5 concentrations were obtained from Guangdong
Environmental Monitoring Center. Generalized additive mixed model was employed to evaluate the effects
of PM2.5 on ambulatory blood pressure.
Results: Both personal PM2.5 exposure and exposure from fixed stations at 1 to 3 lag days decreased daily
averaged SBP and DBP. During daytime, a 10 μg/m3 increase in 1-day lagged personal PM2.5 was associated
with a 0.54 mmHg (95%CI: -1.03, -0.05) decrease in SBP. When using fixed monitors, such estimate was 0.95
mmHg (95%CI: -1.82, -0.07). The effects of both exposures over previous 1 to 24 hours on blood pressure
were similar. Stratified analysis showed stronger effects in North Campus than in East Campus, and among
males than in females.
Conclusions: Although the effects of personal PM2.5 exposure and exposure from fixed stations on blood
pressure differed, both exposures decreased blood pressure and the exposure-response patterns were
similar.
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Ambient air pollution is a complex mixture of particulate matter (PM2.5), gases and metals. Epidemiological
evidence suggests that exposure to air pollution is one of the leading risk factors for cardiovascular disease
(CVD). While the association between PM2.5 exposure and CVD is particularly strong, the pathophysiologic
mechanisms underlying this association are not completely understood. We conducted a cross-sectional
study of 100 participants, recruited from the University of Louisville. Peripheral endothelial function in these
subjects was assessed by calculating a reactive hyperemia index (RHI) using the EndoPAT device. Urine
samples were used to measure isoprostanes (n=90) while 14 cytokines, 2 adhesion molecules, and 2 matrix
metalloproteinases were measured in plasma using a Luminex (n=77). Ambient levels of PM2.5 were
obtained by calculating the daily average of all regional EPA-validated monitoring stations in the Louisville,
KY region. Adjusted associations with ambient PM2.5 levels were tested using generalized linear models.
The average age of our participants was 48 years, with 44% male, 62% white, 52% with diagnosed
hypertension, and 44% having Type-2 diabetes. Average daily PM2.5 levels were 11.5 ± 5.1 μg/m3. We
found that there was a 12.4% decrease in RHI with every 10μg/m3 PM2.5 increase (95% CI: -21.0, -2.7). F-2
isoprostane metabolite, a measure of oxidative stress, showed a positive association of 28.4% (95% CI: 2.7,
60.3) per 10μg/m3 PM2.5. We also observed positive associations with angiopoietin 1 (17.4%; 95% CI: 2.8,
33.8), VEGF (10.4%; 95% CI: 0.6, 21.0), PiGf (31.7%; 95% CI: 12.2, 54.5), ICAM-1 (24.6%; 95% CI: 1.6, 52.8),
and MMP-9 (30.3%; 95% CI: 8.0, 57.5) per 10μg/m3 PM2.5. Additionally, we observed a negative association
between PM2.5 and VCAM-1 of -15.9% per 10μg/m3 (95% CI:-28.3, -1.3). Exposure to PM2.5 was associated
with impaired vascular function, which may result from oxidative stress and inflammation, and lead to a
pro-atherogenic state.
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Background/Aim
Environmental factors may play a role in the development of cardiovascular diseases and some studies have
shown that ambient air pollution is associated with the myocardial infarction. This study was designed to
investigate the impact of ambient air pollution on acute myocardial infarction (AMI) among adult over 20
years of age in Korea by using the data from the Korean National Health Information Database (KNHID)
Methods
This study used the nationwide, population-based database from the KNHID collected between 2002 to
2015. Data analysis was performed from January 1, 2005 to December 31, 2014 since the ambient fine
particulate matter (PM2.5) monitoring data from Seoul Research Institute of Public Health and Environment
were available in these periods. Data on 197,940 AMI case counts in Seoul were collected. Meteorological
data were collected from the Korea Meteorological Administration (KMA). We used the Poisson regression
analysis adjusted for calendar time, current-day temperature, dew-point temperature, relative humidity to
explore the association between PM2.5 and AMI.
Results
The mean daily PM2.5 concentrations was 25.9μg/m3 with a range from 23.0 to 544μg/m3. In the Poisson
regression analysis of PM2.5, the models with lag structures of lag 0 day and 2-day average of lags 0 and 1
(lag01) showed significant association with AMI (RR:1.017, CI:1.008-1.025 for lag0, RR:1.014, CI: 1.005-1.023
for lag01). There were dose-response relationships of PM2.5 concentration and AMI at lag0 and lag01. In
the stratified analysis carried out in the cold season (October-April) and warm season (May-September)
showed the significant lag 0 effect for AMI cases in the cold season only.
Conclusions
In conclusions, our results have demonstrated that the PM2.5 concentration was significantly associated
with AMI morbidity at lag 0 in Seoul, Korea. This increased risk was also observed in cold season and future
prospective studies are needed to determine the causal association.
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Background: CDC’s National Environmental Public Health Tracking Program (Tracking Program) aims to
provide information from a nationwide network of integrated unintentional carbon monoxide (CO)
poisoning data that could inform relevant public health action and prevention.
Methods: The Tracking Program has developed dynamic environmental health surveillance system that
includes standard visualization tools such as charts, interactive maps, and tables, and displays a variety of
measures of morbidity and mortality (e.g., crude, and age-adjusted rates per 100,000) for unintentional CO
poisoning. Users also can explore these measures by cause (i.e., fire, non-fire, unknown intent or
mechanism). The hospitalization and emergency department (ED) data are obtained by the Tracking
Program from funded state recipients (26 states); mortality data are from the National Vital Statistics
System. We pooled the CO poisoning data from 2010-2014, and examined the proportion of unintentional
non-fire CO poisonings, and compared state-specific age-adjusted rates during the same period.
Results: During 2010-2014, there were more than 4,500 unintentional CO poisoning deaths with an average
of 916 deaths annually. Deaths and hospitalizations categorized as non-fire comprised of 41.4%, and 55.4%
of cases respectively. During the same period, states that had the two highest annual age-adjusted rate of
ED visits for unintentional CO poisoning were Connecticut (AR: 21.4 in 2011) and Vermont (AR=15.7 in
2013), and the highest hospitalization rate were observed in New Mexico (AR: 2.1 in 2011) and Maryland
(AR=1.8 in 2009).
Conclusions: The Tracking Program demonstrates the opportunity to visualize environmental and health
data on one data platform. This allows users to examine temporal and spatial trends and to identify
communities at greater risk for CO poisoning. The Tracking Program’s CO poisoning data can be used to
drive public health policy and actions that ultimately will reduce the burden of mortality and morbidity for
CO poisoning.
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Objective: We conducted a systematic review to analyze the association between exposure to air pollution
from industries and asthma-related outcomes in childhood.
Methods: We searched bibliographic databases and reference lists of relevant papers to identify studies
examining the association between air pollution exposure to industrial point-sources and asthma-related
outcomes in childhood, including: asthma, asthma-like symptoms, wheezing and bronchiolitis. We extracted
key characteristics of each study and analyzed findings according to the type of outcome, the exposure and
outcome assessment methods, and the exposure metric used. When appropriated, we performed a
random-effects meta-analysis and quantified heterogeneity using I2 statistic.
Results: Thirty-six studies were included. Most studies reported positive associations but many had
important limitations. Meta-analysis was generally not possible and limited to a few studies because of
substantial variation across design characteristics and methodologies. In case-crossover studies using
administrative health data, pooled odds ratio (OR) of hospitalisation for asthma or bronchiolitis in children
<5 years were 1.03 (95% CI: 0.97, 1.09) and 1.01 (95% CI: 0.97, 1.06) per 10 ppb increase in the daily mean
and hourly maximum concentration of SO2, respectively. For PM2.5, pooled ORs were 1.02 (95% CI: 0.93,
1.11) and 1.01 (95% CI: 0.98, 1.03) per 10 μg/m3 increment in the daily mean and hourly maximum
concentration. In cross-sectional studies using questionnaire, residential proximity to industry was
associated with the prevalence of childhood asthma (pooled OR =1.59; 95% CI: 1.05, 2.40) and wheezing
(pooled OR = 1.45; 95% CI: 0.94, 2.24); however heterogeneity was substantial (I2 >80%).
Conclusions: Because many studies had limitations and heterogeneity was substantial, this review did not
provide strong evidence about the association between air pollution from industries and asthma-related
effects in childhood. Further studies with improved design and methodologies, notably to assess exposure,
are needed to adequately quantify this association.
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Background/Aim
While the depth of published literature on the short-term association between fine particulate matter
(PM2.5) and respiratory health is substantial, questions remain regarding the protection of sensitive subpopulations. Previously, we used a two-stage approach to generate United States (U.S.) nationally relevant
effect estimates of the associations between PM2.5 and respiratory emergency department (ED) visits. We
found an overall significant, positive association between PM2.5 and asthma ED visits among children <19
years but also observed between-county heterogeneity (τ2).
Methods
From the previous analysis, we selected the county-specific βs for the association between PM2.5 and
asthma ED visits among children. We then used a Bayesian hierarchical regression model to pool the
county-specific βs with various county-level covariates measuring geographic region, poverty, minority
populations, and health care access. Lastly, we calculated and visualized new rate ratios (RR) with 95%
credible intervals (CI) for a 10 µg/m3 increase in PM2.5 and estimates of τ2.
Results
Only models including region resulted in an appreciable decrease in τ2. We observed a consistent spatial
pattern with RR highest in the Northeast and Midwest, slightly elevated in West, and consistent with the
null in the South. Additionally, percent of population uninsured resulted in a slight decrease in τ2. We
observed that counties with higher percent uninsured had lower RR than counties with lower percent
uninsured.
Conclusions
We were able to reduce τ2 by including region, and to some extent, percent uninsured in our model. While
region reduced the between-county heterogeneity to nearly zero, it does not offer a specific explanation for
the heterogeneity. Other factors that also vary spatially in a similar manner may contribute to the spatial
pattern of the risk heterogeneity. Further analysis is needed to understand the reasons for the regional
variation in the short-term association between PM2.5 and asthma ED visits among children.
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Background:
This study aimed to evaluate the health impacts of air pollutants and meteorological factors (fog, haze, and
low cloud) under megacity conditions in central Taiwan. In addition, we used the Kriging interpolation in
Geographic Information System and land use regression for more accurate exposure assessment and thus to
establish the medical geography of PM2.5 and diseases.
Material and Method:
We retrieved daily records of outpatient department (OPD) visits from the Health and Welfare Data Science
Center of the Ministry of Health and Welfare of Taiwan and included those for respiratory diseases (ICD-9
codes 460 to 519; ICD-10 codes: J00 to J98) in 2016. We combined the air pollution data on the level of fine
aerosol and chemical components obtained from the air quality monitoring stations established by the
Environmental Protection Administration in the Taichung and Nantou areas with the meteorological data
obtained from the Central Weather Bureau to assess their associations with the OPD visits of respiratory
diseases. Auto-regressive integrated moving average and classification and regression trees models were
constructed to evaluate and describe the effects of air pollutants and meteorological factors on the OPD
visits for respiratory diseases.
Results:
The PM2.5 measured at station in Nantou and Changhua were significantly higher than those measured at
stations in Taichung. The OPD visits for respiratory diseases by residents nearby the station in Nantou and
Changhua were also significantly less than those paid by residents nearby the stations in Taichung. OPD
visits for respiratory diseases had positive association with PM2.5 concentration on the same day and the
day before.
Conclusions:
The level of PM2.5 was associated with OPD visits for ischemic respiratory diseases on the same day and the
next day. Further studies are needed to identify the susceptible populations and evaluate the impacts.
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Aim: Assessment on temporal variations of health effects in association with air pollution has been limited,
which would be important for implementation of risk assessment based air pollution control policies. We
used a time-series data including daily air pollution and mortality counts in Guangzhou to assess temporal
changes in mortality risks of air pollution during 2006-2016.
Methods: We applied over-dispersed Poisson model for assessing mortality risks of particulate matter with
aerodynamic diameter ≤ 2.5 μm (PM2.5), ozone (O3) and nitrogen dioxide (NO2), adjusting for potential
time-varying confounders. Overlapping intervals of 4-year (2006–2009, 2007–2010, and up to 2013–2016)
and periods of 2006-2010 and 2011-2016 were used to assess consecutive variations in mortality effects
over time.
Results: We observed average annual concentrations decreased from 52.8μg/m3 in 2006 to 29.3 μg/m3 in
2016 for PM2.5 and from 42.4 μg/m3 to 33.8μg/m3 for NO2, while O3 levels remained stably over time. We
observed significant increases in mortality risks associated with PM2.5, O3 and NO2, with 1.19% (95%
confidence interval (CI): 0.93,1.46) for PM2.5, 0.60% (95%CI: 0.47,0.74) for O3 and 1.89% (95%CI: 1.49,2.29)
for NO2 on total mortality. We further observed decreasing trend for mortality risks associated with O3 over
time, while related mortality risks increased for PM2.5 and NO2. Per 10 μg/m3 increase in PM2.5 was
associated with 1.15% (95%CI: 0.79,1.51) increased in total mortality during 2006-2010, while 1.23%(95%CI:
0.84,1.62) during 2011-2016. Stronger associations were observed for cardio-respiratory mortalities.
Conclusions: Our analysis shows that mortality risks of ambient air pollution exposures have been changed
over time in Guangzhou. Though the reduction in air pollutant concentrations over time, the potential
related mortality risks might be increased. Our results strengthen the rationale for public health through
comprehensive and rigorous air quality management.
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Background: Little is known if fine particulate matter (PM2.5) has an influence on renal function in Children.
Objective: To investigate the association between short-term PM2.5 exposure and renal function among
healthy Chinese children.
Methods: We conducted a longitudinal panel study among 137 children from two kindergartens and a
middle school in Wuhan, China with up to 3 repeated visits across 3 seasons from 2017 to 2018. We
measured personal real-time PM2.5 exposure concentration for 72 h preceding each of three rounds of
health examinations. Serum creatinine was detected at each visit and renal function was determined by
estimated glomerular filtration rate (eGFR). We used linear mixed-effects models to estimate the effects of
PM2.5 exposure on renal function over various lag times.
Results: Average PM2.5 exposure ranged from from 42.8 to 73.0μg/m3 across different lag periods. A
10μg/m3 increase in personal exposure to PM2.5 was associated with lower eGFR by 0.717%~ 1.380%
lasted for up to 72 h following exposure. Moreover, the associations appeared in 0-48 h average exposure
to PM2.5 less than national standard Grade II (75μg/m3). Stratified analyses indicated that the effect of
exposure to PM2.5 on eGFR were limited to kindergartens children aged 4-6 year and boys. In addition, the
effect was stronger in those whose parents had less than high school education and lived proximity to major
roadways less than 300 miles compared with their counterparts.
Conclusions: Short-term PM2.5 exposure might be associated with reduced eGFR among healthy children.
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BACGROUND/AIM: Left truncation of exposure data may bias estimates of exposure effects in
epidemiological studies. However its impact in environmental epidemiology settings is lacking. We analyzed
the bias introduced by left truncation of exposure data on the estimation of breast cancer risk associated
with environmental pollution.
METHODS: A simulation study was conducted according to the characteristics of exposure data from the
E3N cohort study, as well as the current evidence of pollutants effect models. Two hypotheses of historical
exposure emissions, two scenarios of exposure distribution and three effect models were assumed. Each
was simulated 100 times and regressed with conditional logistic regression model. The estimated odds-ratio
(OR) were compared with the assumed ones in order to assess the magnitude of bias.
RESULTS: In the condition of strong intra individual correlation, when considering exposure as continuous
variable, left truncation resulted in overestimation of the odds-ratios (and corresponding beta) associated
with cumulative dioxin exposure. The estimated beta (min-max) was 73.1 (64.5-80.8) for truncated
exposure as compared to 4.35 (3.86-4.81) for total exposure. However, with no correlation no such
differences were observed, the estimate was 4.33 (-15.9; 26.5) compared with 4.16 (2.18-5.91). Regarding
categorical exposure variable, under strong intra-individual correlation, the truncated exposure did not
seem to be associated with bias, the ORQ5 vs Q1 was 2.19 (2.00-2.40) compared to 2.16 (1.99-2.42),
however the thresholds of the exposure quintiles strongly differed highlighting possible bias. With no intraindividual correlation, the truncation resulted in a slightly underestimation of the effect, ORQ5 vs Q1 was
1.02 (0.90-1.19) in the truncated data compared to 1.18 (1.07-1.27) in the complete data.
CONCLUSIONS: Left truncation resulted in substantial bias of breast cancer risk associated with air pollution.
Overall, studies should consider bias related to left truncation of exposure data, when interpreting the
epidemiological results of air pollution.
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Background: A challenge in epidemiological studies of air pollution data is the issue of missing data. Air
quality monitoring stations typically have some amount of missing data. A promising tool for spatiotemporal
missing imputation of environmental data is Distributed Space-Time Expectation-Maximization (D-STEM)
software. The D-STEM provides a general framework for concurrent modeling and missing imputation of air
pollution data, which uses the prediction of a specified hierarchical space-time model in place of missing
data in the iterative steps of Expectation-Maximization algorithm.
Methods: We used the regression model to calibrate the prediction of the D-STEM software in each
monitoring station, which considers the observed data as the response of the calibrating regression and the
corresponding prediction of the D-STEM model as the only predictor. A simulation study that induced 10%
extra missing data and repeated 50 times was used to compare the performance of missing data imputation
algorithms. Moreover, two different underlying hierarchical space-time models were considered, which
were (a) the simplest D-STEM model (a space-time model with just an intercept), and (b) an enriched model
that benefited from a set of carefully selected predictors. These models were applied to data of fine particle
matter, measured in 30 fixed monitoring stations in Tehran, Iran, where 48% of data was missing. To
compare the competence of these methods in missing imputation, the Mean Absolute Percentage Error
(MAPE) criterion was used.
Results: The MAPEs of the D-STEM simplest model and the D-STEM enriched model were 26.1% and 25.3%
in the original D-STEM spatiotemporal missing data imputation. The MAPEs of these two underlying models
in the proposed calibration for the D-STEM spatiotemporal missing data imputation were 20.6% and 20.4%,
respectively.
Conclusions: The proposed calibration method substantially improved the spatiotemporal missing data
imputation, which could benefit future exposure assessment and epidemiological studies of air pollutants.
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Background
For many environmental exposures (e.g. particulate air pollution) it is of interest to explore which exposure
window that has the highest association with the health outcome. Lagged exposure variables (exp(t), exp(t1),…) are highly correlated with each other, which presents a problem in a regression model. To overcome
this, distributed lags procedures are available to estimate the exposure effect at each lag (e.g. PROC PDL in
SAS, dlnm in R). The performance of a lag distribution procedure was compared to an ordinary regression
model.
Methods
A small simulation study was performed to assess the effect of mis-specifying the number of lags. An
individual living at the same address will have similar exposure from one year to the next. To mimic this,
exposure observations for 500 individuals were computer-generated according to first-order autoregressive
processes. In the simulation model, the outcome depended on exposure five years prior to the outcome
(lag0, lag1,…, lag5), with decreasing effect.
From the computer-generated data, the exposure-outcome association was estimated using i) DL: a
distributed lags procedure, ii) REG: regression analysis with exp_lag0, exp_lag1, …, exp_lag5, and iii)
REGMEAN: regression analysis with the mean exposure from {t, t-1, …, t-5}.
Results
The correlation between exposure at lag0 and lag1 was 0.9 in the computer-generated dataset. When the
correct number of lags was used (lag=5), both DL and REG produced unbiased estimates, but DL had a
higher power (~25% higher). The estimate from REGMEAN was (approximately) equal to the summed effect
from all six lags (lag0, lag1,…, lag5).
When, incorrectly, lag=2 was used, neither of the two methods did preserve the decreasing structure.
Again, the power was higher for DL.
Conclusions
The main advantage of using the distributed lags procedure is a higher power. Specifying too few lags can
lead to biased estimates.
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Background/Aim: Electronic health records (EHRs) are low-cost and rich data sources of detailed
longitudinal health data whose use is quickly gaining popularity in social and environmental epidemiological
research. Although asthma phenotypes have been created from EHR data, no phenotypes exist to classify
asthma severity. Assessment of severity is integral to an asthma diagnosis and treatment plan. Our objective
was to create an asthma severity phenotype transferrable to other EHRs.
Methods: We developed an algorithm to classify asthma severity on an annual basis for asthmatic children
seen at Boston Medical Center, Boston, Massachusetts, USA in 2004-2018. The algorithm is based on
diagnosis codes (ICD-9 free-text and ICD-10) and prescribed asthma medications. We assessed the
proportion of patients for which asthma severity could be determined based on their diagnosis data only,
prescription data only, and both diagnosis and prescription data.
Results: There were 15,225 asthmatic children in the EHR database (53% male; 53% black, 7% Hispanic, and
12% white) Based on the algorithm, we classified annual asthma severity for 67% of patients. Forty-two
percent, 42% and 16% of patient-years were classified as intermittent, persistent mild, and persistent
moderate/severe respectively. Including prescription data and diagnosis code data led to a doubling of the
number of patients for whom annual asthma severity could be classified. Sixty-five percent of annual
severity was based on prescription data, 27% on prescription and diagnosis data, and 8% on diagnosis data.
In the years where prescription and diagnostic data were available concordance between the two data
elements was approximately 50%. Relying on more than one data element from the EHR significantly
increased the number of patients for whom asthma severity could be determined.
Conclusion/Next Steps: The development of standardized algorithms for the creation of EHR health
phenotypes is critical to continue building high quality datasets for epidemiology research.
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Background/Aim: Asthma is a complex disease, and emergency department (ED) visits can be driven by a
combination of individual and socioenvironmental factors. Identifying neighborhoods of asthma ED visit risk
disparities across large geographic areas in presence of missing information, covariates, and numerous
unmeasured confounding factors in diverse populations is an ongoing research challenge. The first goal of
this study was to assess risk exceedance probability sensitivity to modeling decisions about spatio-temporal
confounding and missing geographic information. Building upon gained knowledge about preferred model
choices, our second goal was to identify space-time clustering of risk for asthma ED visits.
Methods: We employ high spatio-temporal resolution asthma ED visit record data, multiple data sources for
covariates, a Bayesian space-time model and posterior distribution risk exceedance probabilities to identify
census tracts that have increased neighborhood risk in South Carolina 1999-2015. Correlated and
uncorrelated random effects were included to control for spatio-temporal confounding. Geographic
imputation was conducted by stochastically imputing census tract identifiers within ZIP code tabulation
areas (ZCTA) using areal proportions as probabilities of assignment. Mapping exceedance probabilities from
the posterior distributions at a threshold of a relative risk of two, or twice the risk, allowed for
determination of high-risk clusters.
Results: High-risk clustering, timing, and duration were sensitive to modeling choices. Choosing to stabilize
space-time relationships via incorporation of random effects and geographically imputing missing census
tract identifiers showed many high-risk areas in South Carolina’s urban and rural African American
communities by probability of occurrence. Probabilities were greater than 0.95 that relative risk exceeded
two in parts of the Interstate-95 Corridor, the Lower Savannah District, northern Charleston, and northern
Columbia.
Conclusion: When thoughtfully applied, Bayesian exceedance probability clustering approaches can be
valuable for detailing asthma risk disparities across large geographic areas over long timeframes when
researchers are limited to hospitalization record data.
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Background: Missing data is persistently a thorn in the side of data science researchers. While there are
various ways to deal with missing data, from basic to sophisticated, it is critical to understand the pattern
and characteristics of your missing data (i.e. is it missing (completely) at random?). Most importantly, how
does the missing impact the dependent variable?
Aim: The purpose of this work is to assess the pattern of missing person-year data, particularly for the years
leading up to the censoring event (e.g. death), and to examine the impact of excluding or imputing on
survival model risk estimates.
Methods: We use the 2001 Canadian Census Health and Environment Cohort (CanCHEC, N=3.1 million, 16years follow-up). Residential postal codes reported on annual income tax filings were used to account for
residential mobility among respondents and for exposure and area-based covariate assignment. Missing
postal codes were assessed by proximity in years to censoring event (non-accidental mortality) and
relationship to other covariates (education, income, etc.). Imputation took three forms, national annual
mean, person-year mean, truncated postal code mean. We use Cox survival models to estimate hazard
ratios of fine particulate matter (PM2.5) to assess the impact of exclusion versus imputation.
Results: Four percent of person-years were missing postal codes, with slightly higher proportions in the
years leading up to a mortality event. Imputation method had little impact on the overall PM2.5 mean (7.03
vs. 7.04 μg/m3); however, levels of PM2.5 were notably larger among subjects who died and were missing
data compared to survivors (7.57 vs. 7.04 μg/m3) and tended to have lower socioeconomic characteristics.
Preliminary results suggest that excluding person-years with the demonstrated pattern of missing can have
large nullifying impact on the PM2.5 hazard ratio.
Conclusion: Missing data can impact results. Discussion will focus on sensitivity tests to examine missing
data.
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The use of historical land use (LU) data through Geographic Information Systems (GIS) has been suggested
to improve retrospective assessment of environmental exposures to agricultural pesticides (EEAP). EEAP are
suspected to be risk factors for several diseases with long latencies, like cancers. However, the manual
characterization of LC from monochromatic historical aerial photography is time consuming and few data
are available before 1990, start of the Corine Land Cover (CLC) program. To enable a fast and supervised
generation of realistic LC from multi-date and multi-scale historical aerial images, an innovative ergonomic
software has been developed through a collaboration between geographers, epidemiologists and computer
scientists (GOURAMIC). It relies on a combination of low-level illumination invariant texture filters and
state-of-the-art classifiers that proved to be as accurate as recent Deep Convolutional Neural Networks on
the HistAerial dataset (Ratajczak et al., 2019) in a fully automatic setup; achieving 89.1% in top-1 accuracy
with 7 land use classes; while remaining computationally efficient in both space and time. GOURAMIC
embeds these methods in an intuitive interface, allowing an untrained user to supervise and iteratively
improve the generation of historical LC by sparsely marking the historical aerial images with per-class
scribbles and region of interest selection. GOURAMIC is currently being used within an epidemiological
design to study lifelong EEAP of 473 testicular cancer cases and 683 controls, aged 18-45 years, and
distributed over the metropolitan French territory. The generated LC are automatically converted to GIS
data layers to assess environmental exposure with a GIS based metric. The use of GOURAMIC has made it
possible to establish a dataset dedicated to an epidemiological study by processing historical aerial images
in a reliable and reproducible way. In addition, the processing time of GOURAMIC is very fast (< 10
min/image), user interactions and automatic image processing included.
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Background: In 2013 the Tonawanda Coke Corporation was convicted of illegally releasing coke oven
emissions, which include benzene and polycyclic aromatic hydrocarbons, into the environment. In response
to health concerns, a prospective cohort study was designed to assess the cause-specific prevalence of
morbidity and mortality in the community, to biomonitor residents for current exposures, and to ascertain
incidence of new cases of disease. Other longitudinal cohort health studies have reported successful
recruitment using online and digital methods, compared to traditional epidemiological methods. Methods:
After completing two pilot studies on optimal recruitment methods, we used the gold-standard
epidemiological approach of a repeated, mailed questionnaire, and added an online questionnaire option.
We sent out a test mailing (N=2,919) followed by a full mailing (N=103,544) using the following protocol: A
pre-notification postcard was mailed to every resident 18 years and older living in the catchment area. A
15-page paper questionnaire followed one week later. For non-responders, a second 15-page questionnaire
was mailed after two weeks, followed by a final, shorter, 3-page questionnaire two weeks later. A link to the
online questionnaire was included in each mailing, which remained open during recruitment. We mailed a
$10 incentive to participants after completion. Results: As of March 2019, there were 11,997 complete and
222 partially completed questionnaires returned (N=12,219). Adjusting for bad addresses (N=12,798)
yielded an overall response of 13%. Participation by postal code was proportional and representative of the
local population. Among responders, 10,255 (84%) used a print questionnaire (N=1,520 returned 3-page
version);1,887 (12%) used only the online questionnaire; and 77 (0.6%) used both online and print (N=12
returned 3-page version) methods. Conclusions: Despite advantages of flexibility and mobility provided
online, and the environmental savings on paper and postage, successful enumeration of the cohort was
obtained through the standard epidemiological approach of mailed surveys.
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Background/Aim: The evidence on exposure-health associations for chemicals with an extensive research
history often includes studies with heterogeneous results. The heterogeneity may stem from differing study
designs examining varying outcome and exposure definitions and be influenced to varying degrees by
sources of bias and other factors that affect the magnitude, direction, and precision of effect estimates.
Methods: We analyzed the impact of bias and other quality criteria that could influence our confidence in
associations reported by studies of indoor formaldehyde exposure. The literature search (through February
2018) was based on population, exposure, comparator, and outcome (PECO) criteria that included studies of
children or adults and analyzed associations with current asthma or reduced pulmonary function. Potential
bias (e.g., selection, information, confounding) and other quality aspects (e.g., sensitivity, precision) were
evaluated using criteria within domains of participant selection, exposure, outcome, confounding, analysis
and sensitivity. Consistency was examined via forest plots stratifying by population, exposure (low vs high),
overall study confidence, and specific domain ratings.
Results: A total of 32 population-based and occupational studies were identified that appeared to have
considerable heterogeneity across studies for specific outcomes. However, when the effect estimates were
stratified by exposure level and setting, and overall confidence in the exposure-outcome association, a more
consistent pattern emerged. Generally, limitations in multiple domains contributed to the lower confidence
ratings for individual study results, potentially with opposing influence on the direction of bias, but
stratification by domains clarified some of the greater heterogeneity observed among these exposureoutcome associations.
Conclusions: While the specific determinants may vary, study quality considerations are essential to
analyses of evidence consistency as part of the integration of evidence in systematic reviews.
The views expressed in this abstract are those of the authors and do not necessarily reflect the views or
policies of the U.S. Environmental Protection Agency.
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Background: Air pollution exposure is associated with pediatric asthma exacerbation. Most studies rely on
coarse estimates of exposure that do not consider mobility, context, co-exposures and behaviors. Recent
developments in wearable sensors and mHealth are enabling researchers to take a personalized approach
to predict triggers and attacks.
Methods: We developed the Breathe Kit (Biomedical Real-Time Health Evaluation Kit) as a non-invasive,
secure informatics platform for exposomics studies of pediatric asthma. It includes real time, personal air
pollution, geolocation, inhaler medication and physiological health sensors and apps to collect self-report
data using Ecological Momentary Assessment (EMA). We deployed the LA PRISMS Breathe Kit in a
longitudinal panel study of pediatric asthma with 20 children recruited from the UCLA Pediatric
Pulmonology clinic monitored for one week (May-Dec 2018).
Results: Participants were 13 (9.8-16.4) years old. Mean (std) daily, personal PM2.5, relative humidity and
temperature exposures were 9.7 (12.3) µg/m³, 45.9 (5.1) %, and 80.6 (4.7) F. Participants spent on average
87% of the time indoors. Daily morning %predicted FEV1 (forced expiratory volume in 1 sec) ranged from
49-124% (mean 92%). Among deployments with inhaler sensors, 31% and 97% (of person-days) showed use
of 1+ puffs of rescue and controller inhalers, respectively. Coughing, wheezing and chest tightness were
reported on 11%, 10% and 11% of (n=82) person-days. In preliminary mixed effects models, number of
controller puffs used and % time spent indoors on the prior day were significantly associated with
decreased PEF lability, or improved asthma control (β=-25.5, p=0.001 and β=-31.1, p=0.007, respectively).
Conclusions: Results from early Breathe Kit deployments in a panel study of asthmatic children are revealing
high variation in personal PM2.5 exposures, mobility patterns, and asthma outcomes at daily and within-day
temporal scales. Ongoing recruitment is targeting 40 additional participants monitored for two weeks.
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Background: OpenAQ is a platform that harmonizes public air quality data into one useable-format in a
near-real time through an open-source platform (https://openaq.org). To date, the platform consists of
approximately 400 million ambient air quality (i.e. PM2.5, PM10, SO2, NO2, O3, CO, and BC) data points
from 70 countries and 116 government and research-grade sources. By having such data harmonized into
one format and openly available, an ecosystem of shared, open tools for analys and more data-capture and
is able to emerge. This ultimately reduces undifferentiated heavy lifting to access and analyze these raw
data from their disparate sources.
Methods: Through OpenAQ Community efforts, a variety of open-source tools have emerged for public use.
These tools have been created through feedback from the OpenAQ Community on their function and
design, and all are freely available – and modifiable – via the project repository on GitHub:
https://github.com/openaq
Results: This presentation highlights two specific available open tools:
(1) openaq-quality-checks (https://github.com/openaq/openaq-quality-checks), a command line interface
that flags user-specified data points in the OpenAQ platform, such as unphysically-likely repeating values,
zeros, negative values, etc. and,
(2) a metadata editor (detailed description: https://github.com/openaq/project-metadata-format) and
corresponding initial metadata format (https://github.com/openaq/project-metadataformat/issues/7#issuecomment-463309289) that enables data source generators, such as an air quality
agency or researcher, to add additional information that give their data context and consequently make
them more useable to the public. Other open-source tools generated around the community will also be
briefly shared.
Conclusions: The results presented here will enable a variety of fields, including environmental
epidemiology, to more quickly access, better understand, and more quickly analyze air quality data from 70
countries made available on the OpenAQ platform. We will also encourage the audience to help the
OpenAQ Community further expand its suite of open-source tools in ways that specifically enhance the
environmental epidemiology community.
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Organophosphate flame retardants (OPFRs) are used to improve fire resistance in many products such as
furniture and electronics. In Europe and other country, because polybrominated diphenyl ethers (PBDEs)
were banned, OPFRs production and application has increased as PBDE substitutes. However the safety of
these compounds to people and environment is not elucidated. Because physico-chemical properties of
flame retardants tend to accumulate on organic carbon rich matter, they have been detected in sewage
sludge, sediments or dust. The object of this study was to develop and validate a method based on Liquid
chromatography mass spectrometry (LC-MS) for simultaneous extraction and analysis of 16 OPFRs in air
samples.
Target compounds were 16 including TBeP, TEP, TnBP, TCPP TPHP etc. Samples were quartz fiber filter
(QFF). All target compounds were extracted by sonication with methyl tert-butyl ether. We analyzed with
LC-MS and ion mode was negative ion multiple reaction monitoring mode. Mobile phase A was 10 mM
ammonium acetate 0.1% formic acid in water and mobile phase B was 0.1% formic acid in methanol
(MeOH). To Spiking with target analytes at 3 points (2, 10, 50 ng/g) in blank samples, method validation was
repeated 6 time for 3 days and the limit of detection (LOD) was calculated according to the US FDA method.
Accuracy and precision was calculated by recovery and standard deviation.
Range of accuracy was 87~123% and range of precision was 1.2~15.4 excepting TBeP, TMP and TiPP. Range
of R2 was 0.9996~0.9999 and range of LOD was 0.12~2.1 ng/g.
A simple sonicate extraction analysis method for simultaneous detection of 16 OPFRs in air samples was
developed and validated. The method can extract both alkyl and aryl groups compound in QFF. The
proposed method requires little solvents and is very rapid and does not need any other pretreatments of
samples before extraction.
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Background/Aim
While there is constant debate about the risk of glyphosate and glufosinate to human health, the risk to
animals has not been well studied. However, according to the American Veterinary Medical Foundation
(AVMF), half of the deaths in pets are attributed to cancer, and glyphosate are estimated to be related to
the occurrence of cancer. Nevertheless, the analytical methods of glyphosate and glufosinate in feeds are
not sufficient. Therefore, the object of this study is establishing an analytical method of glyphosate and
glufosinate in feeds.
Methods
Extracting solvent was water/methanol (3:1). To improve the instrument sensitivity, formic acid and
ammonium formate were added. Mobile phase A was 10 mM ammonium formate 3% formic acid in water.
Mobile phase B was acetonitrile. LC-MS/MS was used for the analysis. Accuracy and precision were assessed
in seven times over 3 days. Accuracy and precision were determined using recovery (%) and standard
deviation (%). Limit of detection (LOD) was calculated using S/N ratio of calibration curve.
Results
As a result of analysis by applying the method, the IDL of glyphosate and glufosinate was 8.3 ㎍/kg and
1.1㎍/kg. Accuracy was ranged from 102 % to 112 % and precision was less than 6% in both matrices.
Linearity (R^2) was more than 0.999. Of the 13 samples, glufosinate wasn’t detected in all samples. But
glyphosate was detected in 12 of 13 samples. The concentration of glyphosate in detected samples ranged
from 10.52 ㎍/kg to 352.94 ㎍/kg.
Conclusions
This study has developed glyphosate and glufosinate analysis method in animal feeds. We confirmed the
linearity, accuracy and precision through experiments, and all were excellent. The method developed in this
study will be able to monitor and monitor the concentration of animal feeds.
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Background: Physiological stress response can be characterized by measurements of health biomarkers,
which represent various biological pathways including neuroendocrine, cardiovascular and metabolic
system. These components can be summed as binary variables into a uniformly weighted sum known as the
allostatic load (AL) to represent the aggregated burden of chronic stress. AL score components vary widely
between studies. Further, many calculations of AL do not quantify biomarker measurement deviance from
clinical thresholds as a measure of risk. To generate a more robust AL score, here we identify components
significantly associated with mortality to develop a weighting method based on an individual’s biomarker
distance from a clinical threshold.
Methods: We used the National Health and Nutrition Examination Survey of biomarker measurements for
41 components in 62,160 participants 1999-2010. We used the mortality data linked with the National
Death Index to ascertain mortality status and time to death. Ultimately, we plan to validate our weighted AL
scores by evaluating the prediction performance on mortality, so AL components were excluded here based
low overlap with mortality data. We conducted survey weighted cox proportional-hazards regression
models with mortality status and time to death as the outcome variables and the AL component as the main
predictor while adjusting for age, sex, race/ethnicity, smoking, and socioeconomic status.
Results: We identified 22 AL components that are significantly associated with mortality including
creatinine, glycohemoglobin, and C-reactive proteins that increase the risk of death in the study period by
33%, 17%, and 14%, respectively, for a one-unit increase, while albumin decreases the risk by 68%.
Conclusions: Here, we present a framework to systematically identified AL components that are associated
with mortality for calculating the AL score. Using the remaining AL components, we are developing methods
to incorporate weights based on distance from clinical thresholds to calculate a weighted AL score.
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The case-crossover design is widely used to investigate short-term associations between acute cardiac
events and exposure to particulate matter (PM). In this design only cases are sampled and their exposure
experience in the time period before their event is compared with control time periods. The time-stratified
scheme attempts to avoid bias due to temporal variation in the exposure series by selecting controls among
days in the same year, the same month and the same day of the week (DOW) as the case day. The
conditional logistic regression model for this scheme is approximately 75% as efficient as a Poisson model of
the entire time series. This loss in statistical power may partly account for prevalent null results in studies
where the estimated odds ratios (ORs) are small (e.g., <1.01 for an increase of 10-mg/m3 in the level of
coarse PM). We describe here a simulation study that examines whether increasing the number of controls
may reduce the overall error. Referent strata were extended first to include the same DOW as the case day
but during 2-month or 3-month strata. Second, we matched on the same month as the case day but relaxed
the same DOW restriction by matching on the same type of day (weekday or weekend day). Using coarse
PM data from Tel Aviv, Israel (2002-2013) and ORs estimated for incident arrhythmias (1.001-1.009), we
simulated daily case events from a Poisson distribution. Compared to the 1-month strata, the average
absolute relative bias increased by 2.2% and 12.9% but the average root mean squared error (ARMSE)
decreased by 8.6% and 10.0% for 2-month and 3-month strata, respectively. When the matching on DOW
was relaxed the ARMSE increased by 1.1%. Our findings suggest that in certain situations using a 2-month
referent strata in time-stratified case-crossover studies may boost the statistical power.
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Background: Diet is a major exposure pathway to several toxic environmental contaminants. Fish and fruits
are essential contributors of a healthy diet as well as an established source of pops, heavy metals and
pesticide residues. Pregnant women and young children are especially vulnerable to exposures to
environmental contaminants, while a balanced diet during these periods is critical for optimal nutritional
status.
Methods: In a study of 1,301 mother-child pairs from six European birth cohorts we assessed maternal fish
and fruit consumption during pregnancy and child diet at 6-12 years, as well as concentrations of pcbs,
pfass, as, hg and organophosphate pesticide (op) metabolites. We applied causal inference methods to
examine the effect of fish and fruit recommended intakes on contaminant exposure.
Results: We estimated that a population of pregnant women in which everyone was consuming up to 3 fish
servings/week would have marginal geometric mean pfna, as and hg blood concentrations -0.17 μg/L
(95%CI=-0.26,-0.07 μg/L), -2.08 μg/L (95%CI=-2.62,-1.54 μg/L) and -1.02 μg/L (95%CI=-1.39,-0.65 μg/L) lower
than if exceeding the fish recommendations. Similarly, if the whole children population was consuming up
to 2 fish servings/week they would have -0.03 μg/L and -0.46 μg/L lower pfunda and pfos blood levels and 0.81 μg/l and -0.73 μg/L lower as and hg levels than if exceeding the recommendation. If the whole
population of pregnant women were consuming at least two servings of fruits per day, it would result in
4.51 μg/g creatinine higher dmp levels, compared to less fruit. No significant increase of urinary op pesticide
metabolites was found in children.
Conclusion: Fish consumption is related to pfas, hg and as exposures, which could be effectively reduced by
not exceeding the fish recommendations. Fruit consumption is a source of exposure to OP pesticides and
adherence to the fruit recommendation could result in higher exposures.
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Background: What is drawing attention is the development of technology to create forest as a healing
space. Phytoncide is a representative forest healing factor and helps to improve human health and
immunity, and is absorbed by the human body through respiratory system or skin in the forest atmosphere.
In this study, the prediction model of phytoncide concentration was developed to identify the
characteristics of stand density and to simulate phytoncide concentration in Korean pine forest to increase
the occurrence of phytoncide beneficial to the human body.
Methods: The collection of phytoncide was carried out every month until Dec. 2017 in Korean pine
forest(Pocheon, Korea), and the measurement time was selected as 5th/day considering the visiting hours
of the healing forest. Phytoncide sampling was performed using a collection set consists of a air pump and a
Tenax TA tube. Micrometeorology elements(air temperature, relative humidity, wind and soil condition,
solar radiation, and photosynthetic effective radiation(PAR)) were measured to secure basic environmental
data in the target area simultaneously. Correlation analysis and multiple regression analysis were performed
to develop a phytoncide prediction model using the collection data.
Results: The early model showed that phytoncide concentration increased with increasing air temperature,
PAR and relative humidity, and decreased with increasing wind speed, solar radiation and soil
temperature(R²=0.61). Also, we proposed the simple model using three factors(air temperature, wind
speed, relative humidity) which have high influence on concentration(R²=0.51) considering the over fitting
the data and economics at the site. It is confirmed that the regression formula can be utilized because
neither of the two equations has a clear tendency to find a residuals.
Conclusions: These results contribute to predict the concentration of forest environment factors in
connection with the mountain meteorology observation system and will be available as part of the forest
forecast system in the future.
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For classes of highly correlated chemicals (e.g., phthalates, PFAS), interpretation of study results for an
individual chemical is complicated by the potential for confounding across the chemicals in its class.
Correlations across co-exposures can vary considerably across populations as well as exposure sources and
time periods. This can inhibit the ability to differentiate associations for individual chemicals, raising
uncertainties for public health protection. Recent research suggests that bias can be amplified in
multipollutant regression models especially when highly correlated variables are included together, and
thus the solution to this source of uncertainty is not as simple as adding the co-exposures to the model.
While methods to address this type of confounding in individual studies are in various stages of
development (e.g., weighted quantile sum regression, penalized regression, linear mixed-effects (e.g.,
LASSO), principle components analysis, Bayesian approaches), they are not in widespread use in the
published literature. This presentation will use a systematic review of PFAS to describe the various methods
used to consider confounding across highly correlated co-exposures during both evaluation of individual
studies and synthesis across the body of evidence. A systematic evidence map summarizing the approaches
used in currently published studies of PFAS to address this issue will be presented, along with the criteria for
evaluating these approaches in a systematic review. The considerations for looking at confounding across
studies will also be described with examples, including comparing results in populations with exposure to
different chemical combinations and comparing results based on the analytical approaches used in the
studies. Confounding across chemical mixtures remains an important area of uncertainty for both individual
studies and systematic reviews.
The views expressed in this abstract are those of the authors and do not necessarily reflect the views or
policies of the U.S. Environmental Protection Agency.
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Background: Standardized risk ratios can be estimated for binary exposures using inverse probability of
exposure weights or disease risk score-based methods. For an exposure with more than two levels, inverse
probability of exposure weights can be extended to estimate a trend in risk ratios across exposure levels.
However, we are not aware of analogous extensions using disease risk score-based methods, despite the
fact that disease risk score-based methods may be appealing to investigators when the exposure is rare or
difficult to model.
Methods: We propose a regression approach to estimate a trend in standardized risk ratios that
incorporates a disease risk score. This method yields inference analogous to other disease risk score-based
standardization methods, where interest is in the effect of exposure among the exposed groups. That is,
given that several exposure groups are under comparison, evaluation of a trend in standardized risk ratios
across exposure groups is potentially complicated because the groups are not necessarily mutually
standardized. Fortunately, there are conditions under which there is equivalency between a trend in risk
ratios that have been standardized to different exposed groups and a trend in risk ratios across exposure
groups that have been mutually standardized to a common target population. We propose models that
facilitate empirical assessment of these conditions. We used simulations to illustrate this approach, along
with an empirical example.
Results: Under minimal heterogeneity in the difference in log risk ratios, as signaled by our estimated model
parameters, this disease risk score-based model yields trend estimates that are equivalent to those
quantified using inverse probability of exposure-weighted marginal structural models for the average effect
of exposure among the exposed.
Conclusions: This approach should facilitate examinations of exposure-response trends in standardized risk
ratios when disease risk scores are advantageous.
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Background/Aims: High resolution spatio-temporal models for predicting pollutant levels have enhanced
our ability to assess exposure and conduct epidemiological studies. Advances in machine learning have
improved the predictive ability of these models. Our goal was to create a high-resolution PM2.5 model for
the Greater London area for 2005 to 2013.
Methods: We used an ensemble approach and three different machine learning methods to construct
predictions for fine particulate matter (PM2.5) in the Greater London area. Average daily level predictions
were made in 17,502 1 km x 1 km grid cells using a random forest (RF), a gradient boosting machine (GBM),
and a neural network. Hyperparamter tuning for these algorithms was based on a grid search and values for
mean square error and cross-validated R2.The input variables for all of the models were the same:
temperature, barometric pressure, dew point temperature, cloudiness, wind speed, wind direction, day of
the week, day of the year , time from origin (January 1st, 2005), traffic counts, population density, height of
the planetary boundary layer (PBL), normalized difference vegetation index (NDVI), aerosol optical depth
(AOD), land use type, distance to Heathrow, and distance to water. Missing AOD values were filled in using a
random forest model. Predictions from the three models, along with latitude and longitude, were combined
in a generalized additive model (GAM) to find the final predictions.
Results: We used ten-fold cross validation on left-out monitoring sites to assess the predictive ability of the
models. Amongst the individual models, the RF and GBM outperformed the NN model. The final ensemble
model had an overall R2 of 0.79.
Conclusions: Our ensemble model of three machine learning algorithms showed a strong ability to predict
PM2.5 levels in the Greater London area.
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This study aims to identify environmental and health indicators for developing the equation for predicting
the local hospital visits of children aged 1-10 years old with respiratory disease to the local hospital. The
retrospectively collected data including eight indicators were taken from the existing environmental and
health data from 2010 to 2014 of the Air Quality and Sound Management Office in Thailand report and of
the Health Promoting Hospital District in Chaloem PhraKiat District, respectively. The factor related to the
activity outside their home was obtained from the literature. Using an artificial neural networks (ANNs) with
multilayer perceptron (Rapid Miner Version 6.2), the association between these selected nine indicators
was characterized. The prediction equation was also developed. The results showed that only five indicators
were the predictors for estimating the number of children who visited the hospital district with respiratory
diseases. These indicators included season, distance, number of children with respiratory disease, %weight
for height and PM10 concentrations. However, these indicators were able to be the input data for
prediction when the percentage of patient visits per day to the hospital for respiratory disease was low. The
prediction equation had the correlation coefficient about 63.20%, accuracy with rate of 86.33% and relative
error 13.88%, with sensitivity, precision and confidence rates of 92.38%, 89.57% and 77.20%, respectively. It
is concluded that the ANNs can be applied to select the environmental and health indicators that were
associated with the respiratory disease; and can generate the equation from the existing environmental and
health datasets to estimate the number of hospital visits of children with respiratory disease.
Keywords: Artificial neural network, Environmental and health indicators, Respiratory disease
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Funded by the U.S. National Institute of Environmental Health Sciences, the Children’s Health Exposure
Analysis Resource (CHEAR) provides scientific investigators access to laboratory and statistical analyses
aimed at incorporating and expanding environmental exposures within their research. To benefit the
broader research community, the CHEAR Data Center has created a public data repository that houses
deidentified data from studies accepted into the CHEAR program. To date, 26 studies have submitted data
containing > 41,000 specimens, > 3,000 mothers and children and 139 environmental chemicals. The goal of
this repository is to promote the secondary analysis of pooled CHEAR studies by providing data in a manner
that is findable, accessible, interoperable and reusable (FAIR). The repository has been constructed by
coupling the open-source Human-aware Data Acquisition Framework with semantic annotation templates
that transform CHEAR datasets into machine-readable knowledge graphs. These tools facilitate the
ingestion, semantic-mapping, harmonization and accessibility of data (epidemiologic, clinical and
biomarker) and metadata across the multiple studies within the CHEAR Program. We demonstrate how
users of the public repository have the ability to simultaneously search, view, and download data from
multiple CHEAR studies. The repository can be searched based on a number of factors including health
outcomes, biological markers of exposure and common covariates. Because data have been harmonized to
a common vocabulary (the CHEAR ontology), downloaded datasets automatically contain CHEAR-wide
harmonized codes and labels for variables that are present in multiple studies. By selecting common data
elements, users can create customized datasets with accompanying codebooks in a format that is easily
imported into statistical analysis software. For maximal FAIR impact, we have promoted the CHEAR data,
tools and methods through Google dataset search, Github, and Bioportal. The repository will encourage
secondary analysis of pooled CHEAR studies, facilitating investigations that leverage larger sample sizes and
greater exposure variability.
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Background: Barker first proposed that low birthweight may cause cardiovascular disease in adulthood.
Since then, clinical epidemiologists developed additional child growth indicators, such as peak growth
velocity (PGV), that help explain how growth patterns influence later-life health outcomes. Simultaneously,
environmental epidemiologists examined chemical influences on birthweight, including assessment of
critical windows and mixtures. However, little is known about how chemical exposure may impact growth
velocities.
Objective: We propose linking methodological advancements in environmental and clinical epidemiology to
investigate the developmental origins of health and development.
Methods: We demonstrate this approach using data from 422 mother-child pairs in the Swedish
Environmental Longitudinal Mother and child Asthma and allergy (SELMA) study. First, we estimated timing
of infant PGV using individual additive-logistic models with anthropometric measurements (body weight)
from birth to 5.5 years. We then assessed PGV timing as an outcome variable in relation to prenatal PFOA
exposure. The linear model was adjusted for sex, gestational age, mother’s age, weight, parity, smoking, fish
consumption, and creatinine levels.
Results: A doubling in prenatal PFOA levels was related to infant PGV occurring 25 days earlier among boys
(p-value=0.02), but 38 days later among girls (p-value=0.01).
Discussion: Compared to more complex growth modeling methods, the individual nonlinear growth curves
were relatively easy to fit and allow characterization of dynamic growth indicators. In addition to PGV, and
timing of PGV, velocities at clinically relevant age ranges may be estimated. These growth patterns can be
flexibly modeled in relation to both upstream effects as demonstrated here with PFOA, and down-stream
effects as classically demonstrated by Barker. Further, more complex methods for assessing mixtures or
critical windows may be incorporated. This approach may help researchers further investigate how early life
environmental exposures may impact child health and development, and the importance of childhood
growth patterns according to Barker.
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Background/Aim
Generalized Estimating Equation (GEE) and Linear Mixed Effects (LME) models are commonly used to
analyze epidemiologic data with repeated measures. While accounting for within-subject correlation, these
two approaches ignore heterogeneity in the trajectories of longitudinal outcome. Latent Class Mixed
Models (LCMM) takes both into account, which may help identify subpopulation with similar trajectories
affected by exposure. In studying the association between PM2.5 (particulate matter with aerodynamic
diameter <2.5 μm) exposure and trajectories of depressive symptoms, we illustrated how exposure effects
can be better estimated after accounting for heterogeneity in longitudinal outcome.
Methods
A total of 1898 women from Women’s Health Initiative Study of Cognitive Aging (aged 77.3±3.8 years in
1999) without prior depression completed the 15-item Geriatric Depression Scale (GDS) assessments
annually between 1999 and 2010. One-year average of daily ambient PM2.5 concentration prior to each
GDS assessment was estimated using spatiotemporal models that incorporated U.S. EPA nationwide air
monitoring data and output of chemical transport models. Global PM2.5 effects were estimated using GEE,
LME and LCMM. We also examined class-specific PM2.5 effects on the identified trajectories of depressive
symptoms in multi-class LCMM.
Results
Assuming a homogeneous longitudinal trajectory of depressive symptoms, we found no association with
PM2.5 using GEE, LME or one-class LCMM. Under the best-fit LCMM, six trajectories were identified,
including one with sustained mild symptoms (N=627). Depressive symptoms increased significantly with
PM2.5 in this group, but not the others. This class-specific effect was missed in 3- or 4-class LCMM specified
a priori. In a separate 6-class LCMM assuming a common exposure effect across classes, we found no
association with PM2.5, while global effects were marginally significant and perhaps biased in 3- or 4-class
LCMM.
Conclusions
When heterogeneity in trajectories of outcome exists, associations can be more appropriately estimated
using LCMM, compared to GEE and LME.
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Background: Maternal exposure to ambient air pollution during pregnancy has been associated with low
birth weight (LBW, birthweight < 2500 grams), however, the critical exposure windows remain unclear. This
study aimed to identify potential susceptible air pollution exposure windows for LBW at term in Guangzhou,
China at weekly levels.
Methods: Based on birth certificate data, 444,082 singleton live births between January 2015 and July 2017
were included. Weekly district-specific exposures (PM2.5, PM10, NO2, SO2, and O3) for each participant
were estimated based on their district of residence during pregnancy. Logistic regression models fitted in
the Bayesian setting, with smoothed Gaussian process prior distribution, were applied to estimate the risk
parameters. Post mean odds ratios (ORs) and 95% credible intervals (CIs) were calculated for an
interquartile range (IQR) increase in each pollutant during the study period.
Results: Of the 444,082 term births included in the study, 8,638 (1.9 %) were LBW. During the study period,
the mean concentrations of PM2.5, PM10, NO2, SO2, and O3 were 39.1 µg/m3, 60.2 µg/m3, 46.1 µg/m3,
13.2 µg/m3, and 84.5 µg/m3, respectively. Increased O3 exposure during pregnancy weeks 15-16 was
associated with increased odds of LBW at term. Post mean odds ratios (ORs) and 95% credible intervals (CIs)
were 1.020 (1.001-1.041) and 1.024 (1.004-1.047), respectively. We didn’t observe any association between
exposure to PM2.5, PM10, NO2, SO2 and LBW at term.
Conclusion: Our results suggest that maternal exposure to O3 increases risk of LBW at term and weeks 1516 of gestation are potential susceptible exposure windows among women living in Guangzhou.
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Background. Exposure to metal mixtures is common in many human populations. Arsenic, lead, and
manganese have been shown to influence immune function, including immunosuppression. It is important
to assess the effect of these metal mixtures on humoral immune function. We evaluated the joint
association between arsenic, lead, and manganese exposures and antibody concentrations from diphtheria
and tetanus vaccines among Bangladeshi children. Additionally, we examined if this association was
potentially mediated by nutritional status indicators.
Methods. Antibody concentrations to diphtheria and tetanus were measured in children’s serum (n=502) at
age 5. Arsenic and manganese exposures were measured in household drinking water, and lead was
measured in blood, during pregnancy, toddlerhood, and childhood. In addition to standard multivariate
regressions, structural equation models were developed to determine the joint association between all
three metals and the two antibody concentrations. Weight-for-age z-score measured at age 5 was evaluated
as a potential mediator because it can be a proxy for nutritional status.
Results. Arsenic, lead, and manganese were modestly correlated with vaccine antibody concentrations. The
association between a latent metal mixtures variable and latent antibody concentrations variable was only
due to direct effects. A doubling in metals exposure was associated with a decrease of 13.4% (95%CI: -2.4%,
-24.5%) in antibody concentration after adjusting for maternal education, breastfeeding duration, and child
sex. Although a doubling in metal mixture was associated with a decrease in weight-for-age of 11% (95%CI: 1.5%, 20.5%), the indirect effect of metal mixtures on antibody concentrations mediated by weight was null
(-0.6%, 95%CI: 0.6%, -1.8%).
Conclusions. Aggregated arsenic, lead, and manganese exposure was associated with lower vaccine
antibody concentrations of diphtheria and tetanus in children at age 5. Weight-for-age, a proxy for
nutritional status, did not mediate the association between this metal mixture and antibody levels.
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Background/Aim: Different observational studies have reported protective effect of chronic exposure to
natural surroundings, including green spaces, on the sustained attention of children. The aim is this study is
to evaluate if a short exposure to a green environment comparing with another outdoor environment
improves the sustained attention in children.
Methods: Quasi-experimental study. 197 students of 7 years of age, from 5 schools of Basque Country
participated in the study. They performed the same activity: not scheduled activity, aperitif and scheduled
activity. The participants of each school were separated randomly into two groups depending on the green
(or blue)/grey space. The schools were grouped in 3 groups depending on the distance of the place of
activity and the kind of exposure (1: at school green/grey; 2: less than 300m of school blue/grey, 3: more
than 300m of school green/grey). Before and after the activity sustained attention was measured to each
participant through ANT (Attentional Network Task) test. The outcome variables analyzed for this study
were pre and post-intervention; correct responses, omissions, Hit Reaction Time (HRT-median), HRT-SE.
Results: In the multiple regression analysis, we estimated the effect of each grouped school adjusted by
gender, birth month and pre-intervention outcome and we observed worse results in the 3rd group
compared with the others. When we analysed the effect of the exposure in each grouped schools, we found
better results for correct responses, marginally significant, in 3rd group who made the activity in the green
space.
Conclusions: We found worse results in children who carried out the activity farther from the school. We
didn’t observe clearly a better result in those who made the activity in the blue/green space. Further
research is needed because there can be underlying factors that we couldn’t control, like noise (3/5 schools
have noise levels +60db).
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The complex impact of environmental and social factors on birth outcomes is unclear. Birthweight is an
important determinant of health across the life course. This study investigated the combined effects of the
maternal stress and surrounding greenness levels on birth outcomes.
Methods. We conducted a prospective 2455 pregnant women cohort study in Kaunas (Lithuania). The
frequencies of various demographic, environmental, and psychosocial risk factors among women were
determined. Outcomes of interest related to low birth weight, term low birth weight, very term low birth
weight. Residential surrounding greenness level was ascertained as average of satellite-based normalized
difference vegetation index (NDVI) within buffers of 500 m of each maternal home. Combined effect of
NDVI, maternal stress and birth outcomes were analysed by general regression models with adjustment for
maternal hypertension, age, marital and education status, active smoking, infant sex, parity.
Results. Term low birth weight risk increased statistically significantly with decreasing exposure to NDVI in
500 buffers, after adjustment for confounding variables the OR 1.90, 95% CI 1.09-3.32. Increased maternal
stress level tended to increase low birth weight risk (adjusted OR 1.48, 95 % CI 1.02 – 2.14). After assessing
effect modification based on the low surrounding greenness and the maternal stress, we found increased
risks for low birth weight (OR 1.84, 95% CI 1.07- 3.18), term low birth weight (OR 4.04, 95% CI 1.82-8.97)
and very term low birth weight (OR 4.01, 95% CI 1.15-14.00) compare with reference group of high
surrounding greenness and no maternal stress.
Conclusion. Maternal exposure to residential surrounding greenness could have beneficial effects on
maternal stress who can have positive effect on birth outcome.
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Background/Aim. Though gender is an important social determinant of health, gender inequalities have not
been considered comprehensively in environmental health research so far. The project INGER intends to
develop innovative methods for integration of gender in environmental health research. The aim of this
systematic review was to clarify whether gender-theoretical concepts were addressed in studies on gender
differences in the impact of residential green/blue space on self-rated health.
Methods. Three electronic databases were searched to identify studies on residential green/blue space and
self-rated health. Inclusion criteria were publication in 2000-2018, at least one keyword for gender/sex in
title/abstract, adult study participants, and providing data on green or blue spaces and self-rated health.
Green/blue spaces could be measured subjectively (e.g. perceived amount of or access to green space) or
objectively (Normalized Difference Vegetation Index, landcover map). Sufficient for study inclusion were
consideration of gender differences in the impact of green/blue space on self-rated health in the analysis
and presentation of results on potential gender differences.
Results. Out of 4230 potential eligible articles identified by the search seven cross-sectional studies met the
inclusion criteria. Quality assessment gave fair results. All studies had a reasonable sample size and valid
data collection. They presented an overall positive impact of green space on self-rated health. Only two
studies reported on quality characteristics of green space. No or only weak evidence for gender differences
in the impact of green space on self-rated health were found. However, all studies used a binary
operationalisation male/female without further theoretical foundation. Interchangeable use of the terms
'gender' and 'sex' indicated a conceptual muddle. Due to the heterogeneity in approaches to assess
green/blue spaces no meta-analysis was possible.
Conclusion. Research quality could be enhanced by integrating gender-theoretical concepts into study
design and interpretation of results.
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Background / Aim: Menopause is associated with a number of adverse health effects and its timing has been
reported to be influenced by several lifestyle factors. Whether greenspace exposure is associated with age
at menopause has not yet been investigated. The aim was to investigate whether residential surrounding
greenspace is associated with the age at menopause and thus reproductive aging.
Methods: This longitudinal study was based on the 20-year follow-up of 1955 aging women from a large,
population-based European cohort (ECRHS). Residential surrounding greenspace was abstracted as the
average of satellite-based Normalized Difference Vegetation Index (NDVI) across a circular buffer of 300m
around the residential addresses of each participant during the course of the study. We applied mixed
effects Cox models with centre as random effect, menopause as the survival object, age as time indicator
and residential surrounding greenspace as predictor. All models were adjusted for smoking habit, BMI,
parity, age at menarche, ever-use of contraception and age at completed full-time education as socioeconomic proxy.
Results: An increase of one interquartile range of residential surrounding greenspace was associated with a
13% lower risk of being menopausal [Hazard Ratio 0.87 (95% Confidence Interval 0.79 – 0.95)].
Correspondingly the predicted median age at menopause was 1.4 years older in the highest compared to
the lowest NDVI quartile.
Conclusions: Living in greener neighbourhoods is associated with older age at menopause and might
therefore decelerate reproductive aging. These are novel findings with broad implications. Further studies
are required to replicate our findings while exploring the potential mechanisms underlying this association.

270

Improving healthy living by urban walking and cycling: Impacts of the built
environment, green cover, air quality and noise in Brussels-Capital, Belgium.
Eggen M1, Bouland C1
1

Université Libre De Bruxelles

TPS 702: Green space and population health, August 28, 2019, 3:00 PM - 4:30 PM
Nowadays, more than half of the world population lives in cities and this proportion will reach 70% in 2050.
The growing urbanization leads to more traffic and increasing related health issues. Walking and cycling as
an active mobility could participate in the overall solution, especially since physical inactivity has been
identified as the 4th leading risk factor for global mortality.
Air quality and noise are known to impact significantly our health and do not encourage walking or cycling
to go to work, school or recreational places. In the same way, the built environment and its set-up, as well
as the street-level greenery, affect the practice of physical activity. The concept of walkability is interesting
to express the accessibility and qualities of an environment and thus the propensity to cross such area.
This research aims to study the environmental factors determining the practice of physical activity and to
identify the extent of their influence in Brussels.
The physical activity level related to walking and cycling will be measured by standardized questionnaire.
The accessibility of the built environment will be evaluated for different areas in Brussels by using the
Walkability Index, mainly based on land-use mix, residential density, street connectivity and the retail floor
area ratio. Nevertheless, this index neither includes the green cover level of a location nor the individual
exposure of walkers and bikers to air and noise pollution. The integration of these factors will be studied by
using a vegetation index and by measuring individual exposure. The aim is to provide an integrated index,
compare the results to existing data and map Brussels. The maps would highlight cumulative exposures and
environmental inequalities related to air and noise pollution, green cover and accessibility. The results
would support future decisions in Brussels with a specific attention to these emphasized issues.
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Background/Aim:
The proportion of immigrants in the United States (US) has been rising since 1970, from 5% to 14% today.
Prior studies have shown that immigrants have different health risks compared to those born in the US, and
these disparities could be related to environmental exposures. Surrounding greenness is an environmental
exposure of emerging interest with links to health benefits. We investigated associations between the
proportion of immigrants and greenness.
Methods:
The proportion of immigrants in Census tracts, approximately analogous to neighborhoods, were retrieved
from the US 2000 Census and 2010 American Community Survey. Census tract area-weighted averages of
surrounding greenness were calculated using the normalized difference vegetation index (NDVI) derived
from moderate-resolution imaging sprectroradiometer (MODIS) measurements. For 2000 and 2010, and
separately by Census region, we used spatial error regression to estimate associations between immigrant
proportion and greenness adjusted for urbanicity and median household income. This allows NDVI in
adjacent Census tracts to be correlated. We further estimated associations for immigrants from specific
continents.
Results:
Increased immigrant proportion was associated with lower greenness. In 2000, Census region-specific
estimates ranged from -0.0014 (95% CI: -0.0019, -0.0010) to -0.0034 (95% CI: -0.0039, -0.0029) difference in
NDVI per a 1% increase in the proportion of the population that was immigrant. Corresponding estimates
for 2010 ranged from -0.0009 (95% CI: -0.0013, -0.0006) to -0.0020 (95% CI: -0.0022, -0.0018). A higher
proportion of immigrants was consistently associated with lower greenness for immigrants from Asia or
Latin America, but not those from Europe, North America, or Oceania.
Conclusions:
Our findings suggest that immigrants live in areas with lower surrounding greenness than non-immigrants,
which can potentially lead to health detriments. This motivates future studies on environmental health
disparities in immigrants, especially those from Asia or Latin America.
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Background: There is a growing evidence for the beneficial impacts of higher levels of residential greenness
on various health outcomes. However, only few studies have considered its impact on cancer incidence in a
longitudinal approach. Our objective was to evaluate theses associations in Tel Aviv, Israel.
Methods: We used the 1995 Israeli Central Bureau of statistics (CBS) census data which consisted of
approximately 20% of the Israeli population at all ages. For every year the cohort had been linked to the
following databases: The Israeli Cancer Registry, the Israeli Mortality Registry, the Israeli population registry
and to the annual income tax authority (2011-2015) data. We excluded those with identified cancer before
1998 and individuals followed up until 31 December 2015 or until death or immigration occurred. Annual
changes in address were geocoded at the census tract level and personal longitudinal exposure to mean of
greenness during follow-up were calculated using temporal satellite-based Moderate Resolution Imaging
Spectroradiometer (MODIS) Normalized Difference Vegetation Index (NDVI) data. We performed
multivariable Cox proportional hazards models to estimate hazard ratios (HR) and 95% confidence intervals
(CI).
Results: We included 35,738 individuals who lived in the city of Tel-Aviv at baseline and contributed 682,650
person-years. 2874 incidence cases of cancer were diagnosed during the follow-up (mean: 17.2 years, SD:
5.22). Crude beneficial associations between cumulative exposure to greenness was observed and after
adjusting for age, sex and sociodemographic factors, living in the highest quartile compared with those
living in the lowest quartile of cumulative average surrounding greenness had a lower hazard of all-cancer
incidence (HR:0.72; 95% CI: 0.59, 0.86).
Conclusion: In this urban population, increased amounts of residential greenness were associated with
reduced risks of cancer. Associations should be further explored for specific cancer sites, for other NDVI
measures (Rapid Eye-higher spatial resolution) and for potential modifiers.
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Background
Surrounding greenness around pregnancy residences has been reported to be positively associated with
birth outcomes such as birth weight and prematurity; however, few studies have been published in Asia.
Thurs, we investigated the association between surrounding greenness during pregnancy and birth
outcomes in Seoul, South Korea.
Method
This study was based on 302 mother-child pairs in Seoul, who were participating in Environment and
Development of Children Cohort study. We defined surrounding greenness using Landsat image data from
the National Aeronautics and Space Administration and Korean Arirang satellite images with buffers of
within 100m, 200m, and 300m of the radius from each mother’s residential address during pregnancy. Least
squares means (LSMEANs) for birth weights and birth heights were estimated in children born to mothers
living in green (greenness tertiles 2 and 3) versus less-green (greenness tertile 1) areas. Logistic regression
analysis was applied to prematurity of birth in mothers living in green versus less green areas. Both models
were adjusted for sex, mother’s education level, multiparity, seasons at birth, second-hand smoking,
proximity to roadways, maternal BMI, and maternal age at pregnancy.
Result
In fully adjusted model, greater exposure to greenness during pregnancy was associated with increases in
birth weight in all buffers. LSmeans was 3.09 at greenness tertiles 2-3 vs. 2.98 at greenness tertile 1 in buffer
of 100m around residential address). However, there was no significant association between prenatal
exposure to greenness and child’s birth height. Greater greenness (tertiles 2-3 vs. 1) was protective for
preterm birth (OR: 0.18, 95% CI: 0.06-0.57 in buffer of 100m around residential address).
Discussion
Our finding suggests beneficial impacts of surrounding greenness on measures of birth weight but not birth
height. Our study suggests health benefits of greenness, which could provide a scientific basis for urban
planning.
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Background: Alcohol-dependence people drink alcohol as a mechanism of emotional regulation activity to
relieve stress, anxiety, and depression. Therefore, alcohol-dependence people have dramatic mood swings
and have severe symptoms of negative emotions, anger, and depression. We implemented the forest
healing program for alcohol-dependent females who had less resilience because of social prejudice and
physical vulnerability toward alcohol compared to men and analyzed the effects on emotional stability.
Methods: For the emotional stability of alcohol-dependent females, this study ran the forest healing
program, which consists of forest activities, trekking, aromatherapy, meditation and making activities using
natural objects, twice in July 2017(n=60) and twice in July 2018(n=36). To check the effects, pre-and-post
surveys were conducted, using self-administered questionnaires(PANAS-Korean, STAXI-K, BDI-Korean), and
the results were analyzed.
Results: The results showed that the negativity was improved from 22 points to 15.8 points in 2017 and
from 67.8 points to 43.6 points as a result of conversion of the scores in 2018 in PANAS-Korean, from 18
points to 14.1 points in 2017 and from 16.3 points to 14.8 points in 2018 in STAXI-K, and from 27.2 points to
24.6 points in 2017 and from 28.2 points to 25.4 points in 2018 in BDI-Korean.
Conclusions: The participation of forest healing programs which provide an ability to communicate with
nature and a sense of accomplishment decreased negative emotion, anger, and depression. It indicates that
the decrease of negative emotion, anger, and depression will reduce the possible recurrence of alcohol
dependence in females and help restore sociality.
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Background: There is a growing social consensus on the value and necessity of nature-friendly education
when children and teenagers have less communication with nature because of the study-based life in their
childhood and boyhood. Schools are places where children and teenagers spend a lot of time, and an
important base for environmental education at the same time. Thus, creating and utilizing forests in schools
can improve the outdoor environment of schools, and help psychological stability of students and teachers
and healthy character building of students. This study analyzed the psychological and cognitive effects of
school forest on elementary school students in four elementary schools in Seoul.
Methods: To do this, we measured for changes in their environmental sensitivities, attitudes toward forests,
aggression, depression, and anxiety of students through self-report surveys before and after the creation of
school forests, September 2015 and June 2016. We conducted a descriptive statistical analysis, reliability
analysis and Independent T-test using the statistical package program for the collected data.
Results: As a result of the analysis, the environmental sensitivities and the attitudes toward forests of
elementary school students have improved significantly since the creation of school forests(p<0.01), and
their physical aggression has decreased significantly(p<0.01). Furthermore, there was a significant decrease
in the depression and anxiety of elementary school students after the creation of the school forest(p<0.05).
The results indicate that the creation of the school forest had positive effects on the increase in the interest
in nature and psychological stability.
Conclusions: Evaluation is required in a multifaceted approach to the impact of the school forests on the
school environment and school members in the future.
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Background/Aim: Experimental and observational studies occasionally report associations between urban
greenness exposure and blood pressure levels. These findings are, however, inconsistent and few
longitudinal studies exist. We report from an ongoing study of the association between objectively
measured exposure to residential greenness and the development of hypertension, in a longitudinal setting.
Methods: Based on the Stockholm Diabetes Prevention Program (SDPP) cohort, our study includes 3,493
normotensive subjects from Stockholm County aged 35-56 years at recruitment in 1992-1994. These were
followed up 2002-2006 and 123 incident cases of hypertension were identified. Hypertension was defined
as 140/90 mmHg or higher. We defined surrounding greenness as a time-weighted average of satellitebased Normalized Difference Vegetation Index (NDVI) at 30 m×30 m resolution during 1990-2015 in buffers
of 250 m and 500 m around participants’ residential addresses. The association between NDVI and
development of hypertension was estimated using Poisson regression models with adjustment for potential
confounders at individual and contextual level. We also investigated NDVI in combination with exposure to
different environmental factors. Ongoing analyses also include information from hospital register and
questionnaires in relation to NDVI exposure during of 1, 5 and 10 years prior to diagnosed hypertension,
analysed using Cox regression models.
Results: No overall association between NDVI and development of hypertension was observed (IRR 0.98,
95% C.I. 0.76;1.27, using the 500 m buffer). Analyses of combined exposures to low levels of NDVI, high
levels of air pollution (NOx), transportation noise and long distance to water indicated positive associations,
in particular low levels of NDVI and high levels of NOx appeared to be associated with development of
hypertension among men.
Conclusion: Preliminary investigations did not indicate any association between long-term greenness
exposure and development of hypertension, but accentuated the importance of further investigations, in
particular on effect modification by other environmental exposures.
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Evidence is growing indicating that living near and spending time in green/blue spaces (GBS) have beneficial
mental health and wellbeing impacts. However, the evidence base is still limited, and is dominated by crosssectional studies. The aim of this natural experimental study is to robustly quantify the impact of exposure
to GBS on mental health and wellbeing through the addition of novel GBS exposure measures to existing
population scale health data linkage infrastructure.
We are using Geographic Information Systems to create 11 years (2008-18) of quarterly GBS metrics using
digital map and satellite data for 1.4 million homes in Wales, UK. The Secure Anonymised Information
Linkage (SAIL) databank (https://saildatabank.com/) permits anonymised linkage of these GBS measures to
routine individual primary care mental health data. SAIL is also being used to link with data from the
National Survey for Wales on visits to GBS and subjective wellbeing measures for 12,000 people.
In the first phase of analyses, we have used SAIL to link GBS data and household locations via road/footpath
networks creating quarterly household-level GBS metrics. We accurately linked 97% of individuals and their
health data to their home location and associated local GBS density. These exposure-health data pairs
(n=1.65 million), updated quarterly, are the underpinning for the longitudinal panel study. Using primary
care data and an established algorithm, we identified 35,000 people with a common mental health disorder
in 2016.
These linked data will permit exploration of how in-situ environmental changes over time, exposure change
through moving home, and visits to GBS impact on mental health outcomes. Findings from this study will
address gaps in the evidence and support environmental planning policy to shape living environments to
benefit health.
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Background/Aim: There exists a significant relationship between the levels of Indoor Air Pollution and
suspended Particulate Matter (PM) and the methods of cooking used. There are also substantial effects on
the human health due to prolonged exposure to the levels of indoor air pollution, which was observed and
recorded during the course of study with the help of a lung function meter. The objective of the study was
to record the levels of PM and other pollutants released from traditional cook stoves and compare the
results with improved cook stoves.
Methodology: The study monitored the indoor fine particles PM 2.5, HCHO(Formaldehyde), TVOC (Total
Volatile Organic Compound), PM 1 and PM 10 at 8 sites- in the village Liti (L1, L2, L3 & L4) and Ratir
Kethi(R1, R2, R3 & R4) of the Bageshwar District of Uttarakhand State in India. The concentration of HCHO,
TVOC, PM 1 and PM 10 were estimated using a Portable Air Quality Monitor and the readings were taken at
an interval of 3 minutes between each observation.
Results: The mean values at L1, L2, L3, L4, R1, R2, R3 & R4 of PM 2.5, PM 10 and PM 1 observed in the
Indoor Air Pollution Levels near the source of cooking at was 464 µg/m³, 340 µg/m³ and 417 µg/m³
respectively and 722 µg/m³, 615 µg/m³ and 745 µg/m³ respectively at a height of two meters from the
source of cooking.
Conclusion: The WHO standard for permissible levels of PM 2.5 in the air (annual) is 10 µg/m3, but the study
revealed that the levels of PM 2.5 were almost 46 times higher near source and 72 times higher away from
the source in the mountain kitchen, which is alarming.
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Background: Indoor air pollution is one of the top environmental health risk factors. The use solid fuel as a
source of energy is responsible for 2.7% of the global burden of diseases. In Sub-Saharan Africa, the number
of diseases related to air pollution is high. It is known that women and children have the mostly exposure to
indoor air pollution, but lack of data on exposure makes it difficult to estimate the health cost. Therefore,
this study was to determine particle composition, mass concentration and emission factor of solid fuel
combustion.
Methods: A study was conducted at the aerosol laboratory, at Lund University. Charcoal, wood and cow
dung respectively, was burned using a traditional Ethiopia stove and a 3-stone stove. The smoke was
characterized using a scanning mobility particle size (particle size distribution and number concentration),
tapered element oscillating microbalance (time-resolved mass concentration of PM2.5), aerosol mass
spectrometer (time-resolved particle chemical composition). Carbon dioxide was measured, and filter
samples for polyaromatic hydrocarbon (PAH) analysis was conducted. Emission factors for PM2.5 and CO2
were estimated for charcoal, wood and dung combustion.
Results: An average mass concentration of particle from charcoal combustion was 600mg/m3 whereas
wood and dung produced 3,300 mg/m3 and 1,500 mg/m3, respectively. When traditional incense was
added to the burning charcoal the particle mass and number concentration increased. An average
percentage value for refractory carbon, organic and PAH in charcoal burning was 29%, 66% and 18%
respectively. An average concentration of CO2 emitted from the charcoal, wood and dung was 1,000 ppm,
480 ppm and 770 ppm, respectively. Emission factors for charcoal, wood and dung were 3.3 g/kg, 37 g/kg
and 79 g/kg respectively grams emitted per kg burned.
Conclusions: High emission were measured for all three fuel types. Wood and dung combustion are more
polluting than charcoal combustion.
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Background: Exposure to solid fuel smoke has been linked to excess risk of cataract, a leading cause of
preventable vision loss and impairment affecting 70 million individuals globally. However, this has been
based on small case-control studies, with little information on other common eye diseases.
Methods: During 2004-2008, 510,520 Chinese adults (mean age: 52 years, 59% female) were recruited from
10 areas of China. At baseline, participants reported primary cooking fuel and cooking frequency in the past
three residences (~40 years), along with socio-demographics, lifestyle and environmental characteristics and
medical history. During median 10 years of follow-up (until 1.1.2017), 14,155 incident cases of cataract,
5,040 conjunctiva disorders, 1,647 disorder of sclera, cornea, iris and ciliary, and 1,626 glaucoma were
documented. Logistic regression with adjustment for key confounders yielded adjusted odds ratios (ORsadj)
for the associations of interest.
Results: Compared to long-term clean fuel users, the ORsadj for long-term solid fuel users were 1.18 (95%
confidence interval 1.09-1.26) for cataract, 1.31 (1.16-1.47) for conjunctiva disorders, 1.40 (1.14-1.71) for
disorders of sclera, cornea, iris and ciliary body, and 0.99 (0.81-1.22) for glaucoma, respectively. The
associations with cataract, conjunctiva disorders, and glaucoma were consistent across individuals who used
different types of solid fuels (coal, wood) for long-term, whereas that with disorders of sclera, cornea, iris
and ciliary body was stronger in those used wood 1.42 (1.15-1.75) than those used coal 1.28 (0.98-1.67).
Individuals who had switched from solid to clean fuels had no elevated risk of the outcomes examined.
Conclusions: In this large Chinese cohort, long-term solid fuel use for cooking was associated with excess
risks of cataract, conjunctiva disorders, and disorders of sclera, cornea, iris and ciliary body but not
glaucoma. The association observed for cataract was substantially weaker than that from previous metaanalysis, which was used for global disease burden estimation.
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Background/ aim: Advanced combustion gasifier stoves and pelletized biomass fuels are postulated as the
next generation of cleaner cooking technologies, however evidence of their air quality and health benefits in
real-world settings is sparse. We investigated the impacts of a high-performing stove and fuel intervention
on air pollution exposures (fine particulate patter (PM2.5), black carbon) and cardiovascular outcomes,
including blood pressure (BP), central hemodynamics, and arterial stiffness, in rural China.
Methods: Leveraging a government sponsored energy program, we enrolled 205 adult women in 12 rural
Sichuan villages into a 3-yr before- and after-intervention observational study. Following baseline
assessment in 2014, half of the study villages were randomly allocated to receive the energy package early,
forming intervention (125 women) and control (80 women) groups. We evaluated the effect of the
intervention on air pollution exposures and cardiovascular outcomes with mixed-effects multivariable
regression models.
Results: Pre- to post-intervention, controls had larger mean decreases in brachial systolic BP (-4.1 mmHg
[95%credible interval (CIe) -7.3, -0.9]) and diastolic BP (-2.0 mmHg [95%CIe -3.6, -0.5]) compared with
intervention women (SBP: -2.7 [95%CIe -5.0, -0.4]; DBP: -0.9 [95%CIe -2.0, 0.2]), with similar findings for the
other cardiovascular outcomes. Intervention women’s mean log exposures and household concentrations to
air pollution decreased by 14 to 46% and 16 to 63% respectively, following the intervention, with controls
having similar reductions; this could be due to increased use of clean fuel stoves in control homes during
the study period. Outdoor PM2.5 remained consistent across the baseline and post-intervention campaigns
(Means of 20.8 and 21.1 ug/m^3).
Conclusions: While gasifier biomass stoves are promoted in China and other countries as part of the next
generation of cleaner-cooking interventions, our study does not provide evidence to support purported
vascular benefits or reductions in air pollution exposures to recipients in a rural Chinese setting.
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Background/Aim. Household air pollution from solid-fuel cookstoves is an important risk factor for
morbidity and mortality worldwide. Improved cookstoves have been designed to reduce exposure to
household air pollution, but whether such stoves meaningfully improve health remains unclear. We
assessed the effect of pollution emitted from multiple cookstoves on acute changes in C-reactive protein
(CRP) and lipoproteins (total cholesterol, high-density lipoprotein [HDL], low-density lipoprotein [LDL],
triglycerides) using a controlled-, crossover-exposure design.
Methods. Young, healthy participants (n=48) were assigned to sequences of six, 2-hour controlled exposures
of pollution from five cookstoves and a filtered-air control. Each controlled exposure, spaced at least two
weeks apart, had a fine particulate matter target concentration (µg/m³): control (0); liquefied petroleum gas
(10); semi-gasifier (35); fan rocket (100); rocket elbow (250); open fire (500). CRP and lipoproteins were
measured before and three timepoints after exposures (0, 3, 24 hours). Linear mixed models were used to
assess differences in outcomes for cookstove exposures versus control.
Results. CRP was lower 3 hours after and higher 24 hours after cookstove exposures versus control.
Triglycerides were higher 24 hours after cookstove exposures versus control. LDL was lower 24 hours after
cookstove exposures versus control. For example, CRP was 0.07 ln-mg/L higher (95% confidence interval
[CI]: -0.07, 0.21), triglycerides were 0.11 ln-mg/dL higher (95% CI: 0.00, 0.23), and LDL was 2.7 mg/dL lower
(95% CI: -7.5, 2.2) 24 hours after the open fire exposure versus control. Results were similar across
cookstove types at the 24-hour post-exposure timepoint. Results from other timepoints (0, 3 hours) and
outcomes (total cholesterol, HDL) were consistent with null associations.
Conclusions. Short-term controlled exposures to air pollution from improved and traditional cookstoves
acutely impact CRP and lipoproteins. These findings may provide insight into benefits of new and current
cookstove technologies.
This abstract does not represent EPA policy.
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Background: In order for clean household energy interventions to improve health, the must reduce air
pollution exposures.
Methods: The Ghana Randomized Air Pollution and Health Study randomized 1,414 households with
pregnant women into a control (N = 515) and intervention arms providing either a fan-assisted efficient
biomass cookstove (N = 519) or a liquefied petroleum gas (LPG) stove and a supply of free LPG (N = 355).
Women received baseline and six post-intervention 72-hour personal exposure assessments. Exposure was
primarily assessed using personal CO monitors, but two sessions included personal PM2.5 monitors. Data
were truncated at 48 hours.
Results: We obtained 5,747 48-hour maternal CO exposure estimates and 1,422 48-hour maternal PM2.5
exposure estimates. At baseline, 1.7% of 24-hour maternal CO exposure estimates exceeded the World
Health Organization (WHO) CO 24-hour guideline (6.11 ppm) with a mean value of 1.50 ± 1.19 ppm. Mean
maternal CO exposure in the LPG arm fell 46% in the post-intervention period (Mean ± SD: 0.89 ± 2.01) and
the biomass stove largely did not reduce exposure in comparison to changes in the control arm. Mean
maternal PM2.5 exposure in the LPG arm was 32% lower than the control arm in the post-intervention
period (52 𝝻g/m3 ± 28 𝝻g/m3 vs 77 𝝻g/m3 ± 44 𝝻g/m3); exposures in the biomass arm (73 𝝻g/m3 ± 41
𝝻g/m3) were not different than the control arm. Two-thirds of post-intervention mean 48-hour maternal
PM2.5 LPG arm exposure estimates exceeded the WHO Annual Interim-I guideline (35 µg/m³).
Conclusions: We provide evidence on the potential for LPG stove adoption to yield health benefits through
reduced household air pollution exposure using results from the largest randomized clean cooking
intervention trial to report air pollution exposure results to date.
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Background/Aim: Approximately 2.5 billion individuals cook with polluting fuels (e.g. wood, animal dung,
coal, crop waste). Household air pollution (HAP) from cooking with polluting fuels causes ~2 million deaths
annually. While several studies have quantitatively measured HAP exposures, these have captured relatively
small populations in limited geographies. Few multi-national studies have measured HAP among diverse
populations.
Methods: The HAP sub-study within the Prospective Urban and Rural Epidemiology (PURE)-Air) is the largest
and most diverse measurement studies of household air pollution to-date. PURE-Air includes simultaneous
48-hour integrated HAP-PM2.5 measurements in ~4,000 households and personal monitoring of ~1,500
male/female participants in Bangladesh, Chile, China, Colombia, India, Pakistan, Tanzania, and Zimbabwe.
Household and personal Bayesian hierarchical models, assessed via leave-one-out cross-validation, were
developed to predict PM2.5 measurements from household (e.g. primary/secondary cooking fuel type,
ventilation) and personal (e.g. sex, occupation) factors available from PURE-Air surveys.
Results: Initial modeling of 1,623 household measurements showed more than three-fold variation in fueland stove-specific average 48-hour HAP-PM2.5 kitchen concentrations: gas/electric stoves–63 μg/m3
(95%CI:42-95); mud stoves(coal)–90 μg/m3 (95%CI:-52-155); chimney stoves(wood)–98 μg/m3 (95%CI:61155); mud stoves(wood)+gas/electric stoves(secondary)–104 μg/m3 (95%CI:66-162); mud stoves(animal
dung)–112 μg/m3 (95%CI:68-184); mud stoves(wood)–132 μg/m3 (95%CI:84-206); open fires(wood)–206
μg/m3 (95%CI:120-355). Modeling of 606 personal measurements revealed country-level variability
between male/female exposures. For example, female-kitchen and male-kitchen exposure ratios were 0.91
and 0.86, respectively, in Jaipur, India and 0.46 and 0.29, respectively, in Moshi, Tanzania. Bayesian R2 of
0.47 and 0.50 were achieved in household and personal models, which included primary/secondary cooking
fuel type, stove type, heating fuel type, presence of windows/exhaust and sex, smoking status predictor
variables, respectively.
Conclusions: Substantial differences in kitchen and personal PM2.5 levels were observed by household and
individual characteristics. Predictive models of HAP and personal PM2.5 exposures will be applied to the
entire PURE-Air cohort to assess health effects.

285

Exposure misclassification from area sampling in epidemiologic studies of cookstove
emissions
Koehler K1, Kephart J1, Fandiño-Del-Rio M1, Checkley W1,2
1

Johns Hopkins School of Public Health, 2Johns Hopkins School of Medicine

TPS 722: Low and middle income countries: indoor air pollutants, August 28, 2019, 3:00 PM - 4:30 PM
Background/Aim: Measuring personal exposure to cookstove emissions in resource-poor settings is
logistically challenging, and kitchen area sampling is commonly used as a proxy for personal exposure.
However, little is known about the effectiveness of this approach to accurately classify exposure in
epidemiologic studies of cookstove emissions.
Methods: We sampled area concentrations and personal exposure to fine particulate matter (PM₂.₅) and
carbon monoxide (CO) among 180 women in a randomized controlled trial of a liquified petroleum gas (LPG)
cleaner-cooking intervention in Puno, Peru. PM₂.₅ and CO were monitored for 48 hours at one-minute
intervals and PM₂.₅ measurements were gravimetrically-adjusted. Using simple linear regression, we
assessed the ability of kitchen area measurements to predict personal exposures using the log-transformed
mean and 99th percentiles for each pollutant, stratifying between 90 participants using biomass cookstoves
and 90 using LPG cookstoves.
Results: The adjusted R² for predicting mean PM₂.₅ personal exposure given mean PM₂.₅ kitchen area
concentration was 0.17 for biomass-users, 0.05 for LPG-users, and 0.33 for all participants. When predicting
99th percentile PM₂.₅ personal exposure given 99th percentile PM₂.₅ kitchen area concentration, the
adjusted R² increased to 0.27 for biomass-users, 0.06 for LPG-users, and 0.45 for all participants. For CO, the
adjusted R² using the means was 0.05 for biomass-users, 0.04 for LPG-users, and 0.25 for all participants.
For 99th percentile CO, the adjusted R² increased to 0.09, 0.12, and 0.30 for biomass, LPG, and all
participants, respectively.
Conclusions: Kitchen area concentrations are moderately effective at predicting mean personal exposures
among a group of both biomass and LPG users, but are poor at predicting personal exposures within a single
fuel group. Kitchen area monitors with high-temporal resolution can predict personal exposure to
cookstove-related concentration spikes with moderate accuracy, facilitating epidemiologic studies of health
outcomes associated with short-term, high-dose exposures.

286

Exposure to indoor and outdoor air pollution and prevalence of asthma in children
under 5 years (Abidjan, Cote d’Ivoire)
Kouao A1, Toure H1, Silue S2, Toure N3, Coulibaly M1, Yoboue V3
1

University Félix Houphouet Boigny de Cocody, UFR Sciences Médicales Abidjan Programme Doctoral Interuniversitaire
de Santé Publique. Spécialités: Ecosystèmes, santé et développement durable, 2 Universty Peleforo Gon Coulibaly, 3
University Félix Houphouet Boigny de Cocody, UFR des Sciences Structure de la Matière et Technologie, Laboratoire de
Physique de l’Atmosphère

TPS 722: Low and middle income countries: indoor air pollutants, August 28, 2019, 3:00 PM - 4:30 PM
Background: Household indoor air pollution associated with biomass burning for cooking is responsible for 7
million deaths and particularly 543 000 deaths in children under 5 years annually. In Cote d’Ivoire, air
pollution has increased and become a threatening risk factor for death and disability among all age groups,
but the relationship between biomass burning and the risk of asthma isn’t yet well investigated.
Methods: The assessment was done in 104 households located in 2 different sites, Andokoi (site A) and
Lubrafrique (site B) in Yopougon (Côte d’Ivoire), used the questionnaire validated from the International
Study of Asthma and Allergies in Childhood and measured indoor and outdoor concentrations of PM2.5 with
device 3M EVM-7.
Results:
The main daily concentration of PM2.5 in indoors (73 ± 9 µg/m3 site A and 30 ± 5 µg/m3 site B) and
outdoors (85 ± 8 µg/m3 site A and 35 ± 3 µg/m3 site L) are above World Health Organization guideline for
air quality. The prevalence of wheezing in the last 12 months among children under five at site A and B are
18.3 % [95% IC (0.08 – 0.30)] and 18.2% [95% IC (0.06 – 0.28)] respectively. In addition, asthma related
symptoms (wheezing and cough at night) at site A increased with the level of indoor and outdoor
concentration of PM2.5 with regards to biomass burning. Logistics regression analysis found association
between dry cough at night and indoor (OR= 2.6 [95% IC (1.36– 5.08)]) and outdoor (OR= 2.6 [95% IC (1.34–
5.01)]) concentration of PM2.5 at site A but not at site B. Nonetheless, no signiﬁcantly association was
found between concentration of PM2.5 and wheezing among children at the two sites.
Conclusions:
Children under 5 years in Yopougon municipality are exposed to high level of PM2.5 which can raise the
asthma symptoms risks.
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Abstract
Background: The goal of PM2.5 indoor assessment for use in epidemiological studies is to estimate indoor
levels over time and space. Because of logistical constraints, very few studies have been conducted to
assess the reproducibility of indoor PM2.5 measurements.
Objective: To evaluate PM2.5 variability in urban households of mothers participating in the Mother and
Child in the Environment birth cohort study in Durban, South Africa.
Methods: Indoor PM2.5 samples were collected in warm season and cold season from 30 homes across
Durban. Four measurements of PM2.5 were undertaken in each house within a 2 week interval using
Airmetrics miniVol samplers. We fitted a mixed effects model to estimate the variation of PM2.5 and to
determine the determinants of this variance.
Results: PM2.5 levels ranged from 1.5 to 302 µg/m3. Levels were highest (mean (SD)=60.8 (70.8) µg/m3)
during the cold season and lowest (mean (SD)=43.5 (45.8) µg/m3) during the warm season. Within-home
variation dominated the total variability. The results showed that PM2.5 predictors such as active smoking,
environmental tobacco smoke exposure and seasonal indicators were significant determinants of PM2.5
variation (R2=0.71), contributing to 2.5–81.4% of the variability.
Conclusions: The results suggest that within home variance in PM2.5 levels influence total variability more
than factors affecting PM2.5 levels variance between homes over time.
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Background/Aim
Air pollution is a major determinant of child health globally. Several studies have demonstrated associations
between air pollution and childhood stunting, an important risk factor for early growth and development
with lifelong health implications. While previous meta-analyses have reviewed these associations, until
recently studies rarely included a specific focus on household air pollution (HAP) or pollution resulting from
extreme air pollution episodes, both of which occur in regions with the greatest prevalence of stunting. We
conducted a systematic review and meta-analysis of the peer-reviewed literature to assess the evidence of
the associations.
Methods
We systematically reviewed articles detailing associations between stunting, reported as height-for-age zscore, intrauterine growth restriction, or small for gestational age, and ambient air pollution (AAP) (e.g.,
PM2.5, PM10) or HAP, defined as the presence of household cooking with biomass fuels. Eligible studies had
to be published in a peer-reviewed journal, include either primary or secondary data, and report at least
one statistical measure.
Results
The initial search identified 38 articles that met the inclusion criteria. A detailed screening excluded an
additional 23 articles. The final list included 27 unique samples representing 18 countries and more than 1
million study participants. PM2.5 and PM10 exposures ranged from 10 to 72 and from 3 to 53 ug/m3
respectively. Significant risk estimates were found for those exposed to elevated concentrations of air
pollution, ranging from 1.00 to 1.13 for AAP and from 1.21 to 1.90 for HAP.
Conclusions
This review and meta-analysis identified up to a 13% and 90% increased risk of stunting in children exposed
to increased levels of AAP and HAP respectively. This evidence suggests the importance of promoting clean
air as part of an integrated approach to preventing stunting.
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Background: Emissions from cooking fuels that include many health-damaging pollutants such as fine
particulate matter (PM2.5) and polycyclic aromatic hydrocarbons (PAHs) are a major public health concern
in low and middle-income countries. Despite the ubiquity of PAHs sources in households in India, exposures
among rural women are poorly understood.
Methods: We report results from personal and area measurements performed for PM2.5, carbon
monoxide, and PAHs during cooking period among 51 rural women who used either biomass (n=37),
liquefied petroleum gas (LPG, n=13) and kerosene (n=1) for cooking. Three urinary PAH metabolites namely,
2-naphthol (2NAP), 1-hydroxypyrene (1PYR) and 9-hydroxyphenanthrene (9PHE) were analyzed in urine
samples collected the next day of personal monitoring. Recovery for particulate phase PAHs and PAH
metabolites were 80% and 92%, respectively. Household determinants of PAH exposure were captured in a
questionnaire.
Results: personal exposure levels of particle-bound PAHs (∑PAH) followed the order biomass
(4215.3±6963.8 ng/m3) > kerosene (2846.7±1451.9 ng/m3) > LPG (1246.5±991.8 ng/m3) fuels. A similar
trend was observed for total urinary PAH metabolites (∑OH-PAH) although it was non-significant. Number of
years cooked with either biomass or LPG did not influence the current levels of urinary PAH metabolites.
Presence of an animal shed inside the home, poor ventilation, type of biomass, and the amount of biomass
used for cooking increased the personal exposure levels of PAHs and also urinary ∑OH-PAHs. Correlation
matrix analysis revealed significant relationships between urinary PAH metabolites (∑OH-PAHs) and
personal ∑PAH exposures (r=0.705; p<0.05), personal CO (r=0.808; p<0.05) and kitchen area PM2.5
concentrations (r=0.615; p<0.05).
Conclusion: While the use of cleaner fuels such as LPG clearly reduced personal exposures to PAHs, urinary
PAH metabolite levels were still comparable to biomass users owing to ubiquity of PAH sources in rural
households and community exposure to PAHs in rural settings in India.
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Hypertensive disorders of pregnancy are the leading of maternal mortality, contributing to perinatal death,
placental abruption, preterm birth and intra-uterine growth restriction, with pre-eclampsia being the most
common hypertensive. Clinical risk factors for pre-eclampsia are well-documented, and include advanced
maternal age, family history and among others, but identification of populationally preventable risk factors
have been more challenging. The aim of this study is to explore the effect of PM2.5 attributed to residential
wood-burning on hypertensive disorders of pregnancy and pre-eclampsia, in a retrospective cohort of
pregnant women in Temuco, Chile.
To assess the association between residential wood-burning exposures and pregnancy disorders, we
designed a retrospective cohort study. The cohort was conformed from a database of pregnant women
attending the Obstetric Department database of the Dr Hernán Henríquez Aravena Hospital between 2009
and 2015. To estimate individual exposures to PM2.5, LUR models were implemented. Women residence
and time of pregnancy were used as input to the models to predict individual exposures to PM2.5 and
wood-tracers. Estimates were obtained by trimester of pregnancy and for the whole period. The effects of
air pollution were studied using multivariate logistic regression models adjusted for potential confounders.
Sensitivity analysis were carried out.
In total, 23,175 births were registered in the Dr Hernán Henriquez Hospital during the study period. The
prevalence of gestational diabetes was 5.9%, hypertensive disorders of pregnancy was 9.9 and preeclampsia 3.4%. The median exposure levels of PM2.5 in the city was 65.1 ug/m3 (IQR:58.2) over the study
period. Multivariates models are being built and it will be ready by end of April.
Our study shows a city heavily impacted for air pollution due to residential wood-burning. This is the first
study about hypertensive disorders of pregnancy in Chile. Also, the first in evaluating the impact of air
pollution on reproductive outcomes.
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Background/Aim: The burden of household air pollution on perinatal mortality has not been accurately
defined. Our overall aim was to develop a protocol for a cluster randomised controlled trial (cRCT) to assess
the impact of liquid petroleum gas (LPG) cooking compared to usual cooking on perinatal mortality in
pregnant women in rural Bangladesh (ACTRN12618001214224). For this study we aimed to assess the
feasibility of the planned trial and the barriers/facilitators of distributing LPG to rural households. Methods:
We used a mixed method iterative design. We included pregnant women, their families, and local LPG
stakeholders. We distributed LPG to households for 3 months and assessed process issues, acceptability
and cooking/food behaviours. We interviewed LPG stakeholders, and conducted focus groups and
interviews with users. The study had ethical approval and was conducted in Basail, north of Dhaka. Results:
50 pregnant women, and their family members trialed LPG. Initial distribution of LPG was hampered by
process issues (fees, storage, timing) most of these were due to the lack of an established supply chain.
Initial safety concerns were overcome with safety measures and training, LPG cooking was very acceptable,
and all users reported a preference for continued use, fuel-sparing was heavily practised. Continuous LPG
supply was hampered by the ad hoc supply chain. LPG stakeholders reported that LPG demand differed by
season. Conclusions: Our iterative study meant that all issues were manageable. Implications for a larger
trial include: ensuring safety, information to support continuous LPG use to ensure efficacy of the
intervention is critical, a well-developed supply chain is essential for continuous supply, and changes in LPG
demand due to season will need to be monitored to ensure timely cylinder replenishment. This was a very
beneficial study for our protocol development, and overall, distributing LPG to pregnant women in rural
Bangladesh was feasible.
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Background/Aim: We developed a protocol for a cluster randomised controlled trial to assess the impact of
liquid petroleum gas (LPG) cooking compared to usual cooking on perinatal mortality in pregnant women in
rural Bangladesh (ACTRN12618001214224). One aspect of protocol development was to assess the value of
personal exposure monitoring to measure reductions in HAP exposure before and after the intervention.
Methods: We measured PM2.5 exposure with the MicroPEM. Gravimetric and optical density analyses of
the filter provided total mass and black carbon mass concentrations, respectively. Analysis of MicroPEM
nephelometer data provided temporal insights into the participants’ exposure. We enrolled 30 pregnant
women for 24 hours of exposure assessment when following traditional cooking practices (baseline) and
repeated after receiving their LPG cookstove (intervention). Results: We collected valid baselineintervention MicroPEM data from 22 of the 30 women. Participants wore the MicroPEM 77% and 69% of
the time during baseline and intervention. Mean gravimetric PM2.5 concentrations during baseline and
intervention were similar: 81.3 μg/m3 vs. 75.3 μg/m3. BC concentrations were also similar: 56.4 μg/m3 vs.
68.7 μg/m3. A temporal pattern in PM2.5 concentrations indicated PM2.5 exposure was lower when
cooking with the LPG stove. The mean MicroPEM nephelometer concentration during cooking periods with
LPG was 84.6 μg/m3 vs.136.5 μg/m3 with traditional stoves (p<0.0001). Conclusions: External factors to the
LPG cookstove intervention influenced the time-integrated PM2.5 concentrations. Baseline measurements
occurred in May-June, monsoon season in Bangladesh. The LPG intervention occurred in November, a dry
month with widespread agricultural activities. The consistent rain during the monsoon lowers ambient
PM2.5, whereas crop harvest increased ambient PM2.5. These factors elevated the background PM2.5
exposures during the intervention that are not associated with the LPG cookstove. In complex air pollution
environments, real-time PM2.5 exposure data will help evaluate the effectiveness of a clean-cooking
intervention.
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Introduction/Aim: Adoption of clean fuels such as Liquid Petroleum Gas (LPG) in resource-poor settings such
as South Asia is low and driven by many factors. In Bangladesh, more than 90% of the rural population rely
on solid fuels for cooking. Identifying factors among households that initiate self LPG adoption, i.e ‘natural
users’ may provide insight into how LPG programs could be modified to improve adoption of clean fuels
more widely. We aimed to assess factors that drive LPG adoption and use in a rural setting amongst natural
users of LPG in Bangladesh. Methods: A household(HH) survey was conducted to identify natural users. We
interviewed women using a structured questionnaire which included socio-demographic, kitchen structure,
cooking behaviours and other factors related to LPG adoption/use. The study had ethical approval and was
conducted in Basail, north of Dhaka. Results: We identified 273/299 pregnant women who were natural
users. The majority were the primary cook (90%), and 84% reported using LPG as an alternative fuel to their
main fuel (solid fuels). Factors related to greater use of LPG (50% of cooking) included middle-income HH
wealth, adjusted Odds Ratio (aOR) 5.31(95% Confidence Interval (CI)1.38-20.38) and high-income HH wealth
(aOR 10.34 (95%CI 2.59-41.27). Larger HH’s (>5people) were less likely to use LPG (aOR 0.36(95%CI 0.160.82). Health issues also influenced LPG use; if LPG was described to reduce breathing difficulty (aOR
2.24(95%CI 1.04-4.85) or alleviate shortness of breath (aOR 12.88 (95%CI 2.10-79.01) there was more LPG
use. Conclusion: This study suggests that users experience of improved health also increased LPG use, and
that LPG cost was a determining factor in LPG use. Clean fuel programs could be modified to include a trial
period so that the experience of improved health could drive adoption. Subsidising the cost of LPG may also
support wider adoption in poorer HH’s.
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Biomass burning for cooking in occupational settings is widespread in Low and Middle Income Countries
(LMICs), but remains a neglected research area. Adverse health consequences are associated with acute and
chronic exposure to elevated Carbon Monoxide levels (CO) from biomass burning. The World Health
Organisation (WHO) has an Indoor Air Quality Guideline (IAQ) for mean 8-hour CO concentrations of 10
mg/m3 (8.7 ppm) (WHO, 2010).
In this study, CO levels were recorded at 1-minute intervals over a 48-hour period using Electrochemical
Lascar EL-USB-CO monitors, at respirable height (150 cm), within two biomass fuel (charcoal, wood) canteen
settings (staff, student) at the Nyarugenge Campus, University of Rwanda. Measurements in both canteens
were obtained from the kitchens and adjoining serving areas. Hourly average CO concentrations were
calculated using the hourly median (IQR), along with 8-hour average concentrations, to represent potential
staff shift exposure.
Two diurnal peaks, coinciding with cooking activities were observed, with peak 1-minute concentrations of
255.5 ppm (student kitchen) and 208.5 ppm (staff kitchen). Peak average 1-hour concentrations of 76.3 ppm
(IQR: 57.8 – 109 ppm) and 76.3 ppm (IQR: 52.5 – 114 ppm), occurred within the morning cooking session, in
the student and staff kitchens respectively. Calculated 8-hour average concentrations were highest during
the morning staff shift in both the student kitchen (40.7 ppm, SD: 40.0 ppm) and the staff kitchen (34.7
ppm, SD: 35.8). Below WHO IAQ limit values were observed within the two serving areas, with two diurnal
peaks coinciding with cooking activity.
The CO levels observed from charcoal and wood cooking in this occupational setting are hazardous to
human health and in exceedance of WHO IAQ guidelines. Further research into occupational personal
exposure levels and health impacts of CO exposure among kitchen and serving staff is needed, alongside
development of a clean fuel switching initiative.
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Background
The Study of Asian Women and Offspring’s Development and Environmental Exposures (SAWASDEE), a
prospective birth cohort, has been initiated in two districts in the Chiang Mai Province in Northern Thailand.
The objectives of this study are (1) to better understand exposures during critical developmental windows in
pregnancy; (2) to examine the direct effects of prenatal insecticide exposure on neurodevelopment; and (3)
to further develop the capacity for independent research in Thailand. We are currently evaluating exposure
metrics in relation to birth outcomes. APGAR is an important measure of neonatal health at birth; low
APGAR scores have been found to be associated with adverse developmental outcomes.
Methods
We investigated the association of maternal first trimester self-reported handling of pesticides during
pregnancy and infant APGAR scores at 1 and 5 minutes. To determine variables included in the model as
potential confounders we used a Directed Acyclic Graph (DAG). We excluded preterm (<37 weeks) births
and women who reported experiencing pregnancy complications. To address the clustering structure of our
data we used generalized estimating equation (GEE) to evaluate the relationship between maternal
handling of pesticides and infant APGAR score.
Results
Of the >300 enrolled pregnant women (median weeks of gestation at enrollment=9±2.6 weeks). The
average age of the women is 25.2±2.6 years with 17% reporting they have never attended school. Of the
over 200 births thus far (78.3% natural, 21.7% cesarean section), the median gestational age at birth is
38±1.2 weeks, and the average birth weight is 2900±427.1 g. The adjusted relative risk (RR) of a 1-minute
APGAR score being below the median value among infants whose mothers reported handling pesticides is
1.57 (95% CI: 0.78, 3.20) (Crude: 1.67 (95% CI: 0.89, 3.30)).
Conclusions
It is important that future studies evaluate the impacts of environmental exposures on critical windows of
in-utero development.

296

Association Between Gestational Phthalate Exposure and Newborn Head
Circumference; Impacts by Race and Sex
Bloom M1, Valachovic E1, Wineland R2, Wenzel A2, Brock J3, Kucklick J4, Unal E5, Cruze L6, Newman R2
1

University At Albany, State University of New York, 2Medical University of South Carolina, 3University of North CarolinaAsheville, 4National Institute of Standards and Technology-Hollings Marine Laboratory, 5Southern Illinois University
School of Medicine, 6Wofford College

TPS 741: Adverse birth outcomes 2, August 28, 2019, 3:00 PM - 4:30 PM
Background/Aim: Observational and experimental studies report associations between gestational
phthalate exposure and fetal development, yet there are few data to characterize the effects on head
circumference (HC) or to estimate the impact by race or sex. To address this data gap, we enrolled 152
African American and 158 white mothers with uncomplicated singleton pregnancies from the Charleston,
South Carolina (USA) metropolitan area in a prospective birth cohort.
Methods: Study participants provided up to two urine specimens during mid to late gestation, completed a
study questionnaire, and allowed access to hospital birth records. Newborn anthropometrics including HC
were obtained within 48 hours of delivery. We measured eight phthalate monoester metabolites (MBP,
MiBP, MBzP, MEHP, MEOHP, MEHHP, MEP, and MMP) using liquid chromatography with tandem mass
spectrometry, and we calculated molar sums of phthalate parent diesters (∑DEHP and ∑DBP). After specific
gravity correction, we tested for associations between phthalates and neonatal HC using treatment
weighted multiple informants linear regression, adjusted for maternal race, age, body mass index,
education, smoking, and infant sex. We also explored interactions by maternal race and infant sex.
Results: HC was greater among whites than African Americans (P<0.0001) and greater for males than
females (P=0.04). A doubling in urinary MEP or MMP concentration was associated with a -0.56% (95%CI: 1.03%, -0.09%) or -0.93% (95%CI: -1.70%, -0.16%) lesser HC, respectively. We detected interactions for
maternal race with urinary MBP (P=0.04), MBzP (P=0.01), MEHP (P=0.02), MMP (P=0.06), and ∑DBP (P=0.07)
concentrations, where associations with HC were stronger among whites than African Americans. We also
detected interactions for MBP (P=0.08) and MiBP (P=0.03), where associations were stronger among
females than males.
Conclusions: Our results suggest that gestational phthalate exposure is associated with diminished HC,
which may reflect an impact on fetal brain development, and that whites and females have greater
vulnerability.
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Background: Particulate matter ≤10 μm (PM10) and diet quality are both risk factors for systemic
inflammation, which has been implicated in the etiology of preterm birth (PTB). Although PM10 and a proinflammatory diet (assessed by the Dietary Inflammatory Index [DII®]) have been individually evaluated as
determinants of PTB and differences by offspring sex have been reported for the DII, additional studies on
both independent and joint effects of these two risk factors are needed to inform future intervention
strategies.
Methods: PM10 estimates were generated from daily citywide averages for 1216 pregnant women from
three subcohorts of the Early Life Exposures in Mexico to ENvironmental Toxicants study using data from
the Mexico City Monitoring Network. Among a subset of participants (N=620), DII scores were calculated
using data from a validated food frequency questionnaire. Trimester-specific and overall pregnancy average
data for the DII and PM10 were used. Sex and period-specific Cox Proportional Hazards models were used
to estimate hazard ratios (HR) and 95% CIs of PTB with respect to quartiles of PM10 and the DII (Q1 =
referent), adjusting for age, education, parity, delivery type and cohort.
Results: Results varied by sex for PM10 and the DII. For example, adjusted HRs, (95% CIs) for second
trimester PM10 for boys were: 1.25 (0.59, 2.62), 0.58 (0.17, 2.00), 0.45 (0.11, 1.84) and for girls: 0.47 (0.20,
1.08), 0.13 (0.03, 0.57), 0.16 (0.04, 0.73), for Q2, Q3 and Q4 respectively relative to Q1. For the DII, first
trimester differences by sex were also evident, e.g., 0.88 (0.33, 2.37) for boys and 0.30 (0.09, 0.99) for girls
for Q4 vs. Q1. We did not find evidence of a joint PM10-DII effect.
Conclusions: PM10 and DII were differentially associated with preterm birth. Sex differences and apparently
protective diet-related and air pollution associations need further evaluation.
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Background: Explore the association between maternal ambient air pollution exposure and risk of low birth
weight.
Methods: We conducted a retrospective cohort study in Ningbo, Zhejiang Province, China demographic
characteristics and birth outcomes were derived from electronic health records between Jan 2015 and
September 2018. Trimester-specific individual exposure to Particulate Matter (PM) including PM2.5 and
PM10, SO2, NO2, O3 and CO were estimated using Inverse Distance Weighting method. We used
multivariate Logistics regression to evaluate the association between single air pollutant exposure and risk
of low birth weight. We also used Weighted Quantile Sum (WQS) regression as multipollutant models to
determine the contribution of each pollutant to the overall effect and conducted subgroup analysis to
evaluate the modification of covariates. Odds Ratio (OR) and corresponding 95% Confidence Interval (95%
CI) were used as a measure of association between prenatal exposure to air pollution and risk of low birth
weight.
Results: A total of 35,387 pregnant women were included in the final analysis and 3,650 infants were low
birth weight. Single pollutant model showed that exposure to the highest quartile of PM2.5, PM10, SO2, and
O3 in the third trimester had a higher OR of low birth weight compared to the lowest quartile group (OR
=1.26, 95%CI:1.08-1.48 for PM2.5, OR=1.29, 95%CI:1.10-1.52 for PM10, OR=1.25, 95%CI=1.10-1.43 for SO2,
OR=1.34, 95%CI=1.16-1.55 for O3) after adjusting for maternal age, occupation, season, infant sex,
temperature and gestational diseases. Results of multipollutant model showed that PM2.5 and O3 were
major pollutants contributed to the detrimental effect of air pollution.
Conclusion: Prenatal exposure to air pollution especially PM2.5 and O3 would increase the risk of low birth
weight.
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Background/Aims: Neural tube defects (NTD), including anencephaly, spina bifida (SB), and encephalocele,
are some of the most severe birth defects. The impact of how cumulative environmental quality contributes
to associations with NTDs is unknown. The Environmental Quality Index (EQI) is a comprehensive measure
of cumulative environmental exposures for five domains (air, water, land, sociodemographic, built) from
2000-2005. Methods: We conducted a county-level analysis to assess the associations between the EQI and
four birth defects (NTD, anencephaly, SB, and encephalocele) using data from the Texas Birth Defects
Registry and live birth records from 2000-2006. Prevalence ratios (PR) and 95% confidence intervals (CI)
were estimated from Poisson regression models between the NTD defects and the EQI, represented by
three exposure categories based on percentiles (<50%, or “better” environmental quality; 50-75%, “mid”;
>75%, “worst”), adjusted for potential confounders. Results: We observed non-linear trends for overall EQI
and the water domain, with increased prevalence of birth defects observed in the mid versus better
environmental quality categories. For overall EQI, mid environmental quality was associated with higher
prevalence of NTDs [PR=1.27, 95%CI:1.06,1.52], anencephaly [1.39,(1.16,1.66)], SB [1.18,(0.98,1.42)], and
encephalocele [1.34,(1.11,1.60)], as compared to better environmental quality. In the water domain, mid
environmental quality was associated with higher prevalence of each of these four outcomes [NTDs:
1.58,(1.14,1.78); anencephaly: 2.29,(2.03,2.57); SB: 1.46,(1.30,1.65); encephalocele 1.01,(0.90,1.13)].
Comparing worst environmental quality to better environmental quality for the sociodemographic domain,
the PRs were 2.14 (1.93,2.37) for NTDs, 3.32 (3.00,3.68) for anencephaly, 1.91 (1.72,2.12) for SB, and 1.12
(1.00,1.25) for encephalocele. In the air, land, and built domains, inverse associations were observed with
all birth defects studies. Conclusions: We found that sociodemographic factors, water quality, and overall
environmental quality contribute to associations with these NTD outcomes, but not with air, land or built
environmental quality. This abstract does not reflect EPA policy.
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Background/Aim: Selenium (Se) plays an important role in preventing damage from oxidative stress during
pregnancy. Although some studies have previously evaluated the relationship between Se concentration
and anthropometric outcomes at birth, the results are inconclusive.
The aim of this study is to evaluate the association between maternal Se concentrations and
anthropometric outcomes at birth, as well as prematurity, considering socio-demographic and dietary
factors.
Methods: Study subjects were 1249 mother–child pair participants in two Spanish areas of the INMA cohort
(Valencia and Gipuzkoa, recruitment: 2003-2008). Se was measured in serum samples collected during the
first trimester of pregnancy. Socio-demographic, lifestyle and dietary information was also collected
through questionnaires during the same period. Anthropometric outcomes were measured as child weight,
length and head circumference at birth, and data on preterm births were also collected. Multivariate
generalised linear regression models were built in order to assess the association between prenatal
exposure to Se and both anthropometric outcomes and preterm birth.
Results: The mean Se concentration was 79.57 ± 9.64 μg/L. A significant inverse association was observed
between Se levels and child’s head circumference (p-value 0.083). Se was also negatively, but not
significantly, related to the newborn’s weight and length, and a non-significant positive relationship was
found with preterm birth. Several covariates were associated with outcomes, such as: smoking, which
decreases anthropometrics; parents’ height and male gender, which increases anthropometrics; parity,
which increases anthropometrics and decreases prematurity; and mother’s age, which increases
prematurity.
Conclusions: Maternal serum Se levels in our population are similar to those observed in the rest of the
country and they are within the range of recommendations. Results of the present study suggest that higher
maternal Se serum levels are related to lower anthropometric birth outcomes and higher prematurity.
Funding: CP15/0025, FIS16/1288, FIS PI06/0867, FISPI09/00090, FISPI13/22187, FI17/00260, Basque
Government 201511106
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Background/Aim: Studies of parental pesticide exposure continue to raise concerns about potential
pesticide teratogenicity; however, findings to date are equivocal, owed in part to several study limitations.
To address these limitations, we investigated major birth defects among offspring of Iowans enrolled in the
United States Agricultural Health Study (AHS), a prospective study of health effects among pesticide
applicators and their spouses.
Methods: We linked applicator and spouse data from the AHS with Iowa birth data (1972-2014) and
identified 42,460 liveborn offspring, including 24,256 born from 1983-2010. Data for these 24,256 offspring
were linked with surveillance data from the Iowa Registry for Congenital and Inherited Disorders. We
investigated relations between paternal application of 121 pesticides shortly before or during the index
pregnancy and 9 birth defect groups in offspring. Associations were estimated for defect groups with ≥5
exposed offspring compared to offspring of unexposed applicators per pesticide, adjusting for relevant
covariables.
Results: We identified 400 (1.6%) of the 24,256 offspring to have a major birth defect with heart,
genitourinary, gastrointestinal, and musculoskeletal defects most frequently observed in our cohort.
Overall, 32 of the 121 pesticides had ≥5 exposed offspring in a case group. We observed positive
associations (adjusted odds ratios 1.5-3.0) for 34 pesticide-case group combinations. Eight pesticides
produced positive associations in two or more case groups and included: S-Ethyl-Dipropylthiocarbamate
(craniofacial, gastrointestinal); petroleum oil/distillates (craniofacial, gastrointestinal, musculoskeletal);
pendimethalin (craniofacial, musculoskeletal); permethrin (craniofacial, genitourinary, heart,
musculoskeletal); terbufos (craniofacial, musculoskeletal); carbofuran (craniofacial, genitourinary,
musculoskeletal); carbaryl (craniofacial, musculoskeletal); and coumaphos (genitourinary, musculoskeletal).
Conclusions: Although limited to liveborns, our findings from this large cohort suggest that paternal
application of several pesticides shortly before or during early pregnancy contributed to an increased risk of
major birth defects, particularly craniofacial, musculoskeletal, and genitourinary defects. Future work will
investigate major birth defects among pregnancy losses and terminations.
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Background: There is evidence that exposures to polycyclic aromatic hydrocarbon (PAH) in air pollution and
to fine particulate air pollution are associated with higher childhood body mass index (BMI) and obesity risk.
Methods: African-American and Hispanic children born in the Bronx or Northern Manhattan, New York
(1998-2006), whose mothers underwent personal air monitoring for airborne PAH exposure during
pregnancy, were followed up with height and weight measurements at approximate ages 5, 7, 9, 10, 11,
12.5 and 13.5 years. Multivariable generalized estimating equation analyses were used to relate pre-natal
airborne PAH exposures to child BMI Z-scores through time. The analyses adjusted for many known risk
factors for childhood obesity. Interaction terms between tertile categories of prenatal PAH exposure and
age and age squared were included in the model.
Results: In total, 535 children had at least one height and weight measure during follow-up. The prevalence
of obesity was 20.6% at age 5 and increased across follow-ups until age 11 when it was 33.0%. At age 5, BMI
Z-scores were significantly greater for children in the third tertile of exposure relative to the first tertile
(0.35 Z-score units, 95% CI 0.09, 0.61, p=0.007) and were non-significantly higher for the second tertile of
exposure compared to the first tertile (0.25 Z-score units, 95% CI -0.02, 0.52, P=0.075). The trajectories of
BMI Z-scores by tertiles of exposure converged as the children aged, such that by age 11 years the
estimated mean BMI Z-scores associated with each tertile of exposure were not different.
Conclusions: Prenatal exposures to airborne PAH were associated with higher childhood BMI Z-scores at a
young age, but growth trajectories converged by age 11 years. Accordingly, highly exposed children spend a
greater proportion of their childhood with higher BMI Z-scores, the health significance of this finding will
need to be examined.
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Background/Aim: Exposure to fine particulate matter (PM2.5) during pregnancy is associated with reduced
birth weight and racial/ethnic minorities are more vulnerable. Previous studies have focused on the mean
value of birth weight associated with PM2.5, which may mask meaningful differences. We applied a quantile
regression approach to investigate the variation by percentile of birth weight and compared non-Hispanic
(NH) Black to NH White mothers.
Methods: Multi-level linear regression models were conducted to estimate the association between PM2.5
and term birth weight, with mother’s residential zip code tabulation area as a random effect. Maternal age,
Medicaid status, and indicators for year and season of birth were included as covariates. Multi-level
quantile regression models were used to analyze the association at different percentiles of birth weight
(5th, 10th, 25th, 50th, 75th, 90th, 95th), as well as examine the heterogeneity in this association between
racial/ethnic groups.
Results: Traditional linear regression revealed that a 10 μg/m3 increase in PM2.5 exposure during
pregnancy is associated with a mean birthweight decrease of 6.84 grams [95% CI: -7.73, -5.75] and NH Black
mothers are more vulnerable. Results of the quantile regression are not constant across quantiles. For NH
Black mothers whose infants had the lowest birthweight of less than 2673 grams (5th percentile), a 10
μg/m3 increase in PM2.5 exposure is associated with a decrease of 18.57 grams [95% CI: -22.23, -14.91],
while it is associated with a decrease of 7.77 grams [95% CI: -8.73, -6.79] for NH White mothers at same
quantile.
Conclusions: We found birth weight to be more affected by PM2.5 exposure for NH Black mothers than NH
White mothers using both methods. Results of the quantile analysis revealed greater disparities, particularly
for infants with the lowest birth weight. By identifying vulnerable populations, we can promote and
implement policies to confront these health disparities.
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Background: The potential effects of prenatal per- and polyfluroalkyl substances (PFASs) exposure on
adverse birth outcomes have been observed in animals. Yet the results have been inconclusive in humans
and little is known about its potential mechanism.
Objectives: We investigated the potential effect of prenatal PFASs exposure on birth outcomes and its
potential mechanism in relation to placental 11β-hydroxysteroiddehydrogenase 2 (11β-HSD2).
Methods: In total, 369 mother-infant pairs were recruited from a Chinese birth cohort. Birth outcomes
including weight, length, head circumference and chest circumference were obtained from medical records.
Maternal serum was collected for 10 PFASs measurement including PFOA, PFOS, PFNA, PFUA, PFOSA, and
PFHpA etc. The Protein level of 11β-HSD2 was detected in 290 placentas. Multiple linear regression models
analyzed the associations between maternal PFASs level and birth outcomes as well as 11β-HSD2.
Results: We observed a significant decrease in birth weight with a log-unit increase in PFHpA concentrations
regardless of whether exposures were modeled as continuous (β=-185.08, 95%CI: -357.83 to -12.33) or
categorical variables (4thquartile: β=-143.16, 95%CI: -267.76 to -18.56). Significantly lower birth weight was
also observed for PFOSA in the 3rdquartile (β=-150.95, 95%CI: -275.97 to -25.92) and 4thquartile (β=139.95, 95%CI: -265.22 to -14.69). Additionally, higher PFOA (β=-0.15, 95%CI: -0.27 to -0.03), PFNA (β=-0.27,
95%CI: -0.48 to -0.07), PFUA (β=-0.27, 95%CI: -0.49 to -0.05) exposure was associated with decreased 11βHSD2 while 11β-HSD2 was not significantly associated with any of birth outcomes.
Conclusions: Our findings suggested the potential impact of prenatal PFASs exposure on birth weight and
placental 11β-HSD2. No association for 11β-HSD2 was present for any of birth outcomes, suggesting that
decrease in placental 11β-HSD2 levels induced by PFASs exposure may not play an important role in fetal
growth. More studies on the potential mechanisms underlying the effect of prenatal PFASs exposure on
birth outcomes are warranted.
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The relationship between the levels of various environmental chemicals and the high prevalence of neural
tube defects (NTDs) in north China remains unclear. This study aimed to classify the associations of
maternal exposure to polycyclic aromatic hydrocarbons (PAHs), passive smoking, and widely concerned
trace metal elements with NTD risk. Our case-control study recruited a total of 828 subjects: 285 women
who delivered a fetus with NTDs (cases) and 543 women a healthy newborn without NTDs (controls). We
measured the concentrations of PAHs, nicotine/cotinine, and various trace metal elements in the hair
section of time window (TW)-I (1 month before conception to 2 months after conception). We further
verified the results of trace metal element concentrations using hair section collected during TW-II (3
months before conception to 3 months after conception). Overall, no significant associations were found
between the risk of any NTD subtypes and the hair levels of PAHs, nicotine/cotinine, and some metals (i.e.,
As, Cd, Sb, Pb, Cr, Mn, Fe, Ni, Co, and Cu). According to the cross-validation results for TW-I and TW-II, hair
concentrations of Mo and Sn were inversely associated with anencephaly risk, and the hair concentration of
Zn was inversely associated with the risk of spina bifida. It was concluded that maternal exposure to either
PAHs or passive smoking was not a significant risk factor for NTDs, whereas the maternal intake of certain
trace metal elements may contribute to the high NTD prevalence in north China.
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Background/Aim: We examined if the relationship between exposure to air pollutants and preterm birth is
modified by maternal hypertension.
Methods: Data were from birth certificates and hospital discharge records of 252,205 women living in
Fresno, Kern, Stanislaus, and San Joaquin Counties of California between 2000 and 2006. Maternal
residences were geocoded and air quality data assigned from daily 24-hour averages of nitrogen dioxide
(NO2), particulate matter <10µm (PM10) and <2.5µm (PM2.5), and carbon monoxide (CO) for each
trimester, the entire pregnancy, and the last six weeks of pregnancy. Traffic-density measures were also
included. Logistic regression was performed to estimate odds of preterm birth and we tested for
multiplicative interaction between each pollutant level and presence of a hypertensive disorder using a
Wald test. Analyses were adjusted for potential confounders.
Results: Among women without a hypertensive disorder, there were slightly higher odds of preterm birth
for higher exposure to all pollutants over the entire pregnancy. For the most part, patterns were similar
among women with a hypertensive disorder. Among later preterm births (32-36 weeks) there was
significant effect modification for exposure to NO2 and CO during the first trimester with higher odds
among hypertensive women, and for exposure to PM2.5 and CO during the last six weeks of pregnancy with
higher odds among normotensive women. For births between 28-31 weeks, there was effect modification
by hypertensive status for exposure to PM10 across the entire pregnancy, first trimester, and second
trimester with hypertensive women consistently having lower odds of preterm birth than normotensive
women.
Conclusions: There was some evidence of effect modification in the direction counter to our hypothesis for
exposure to PM10 for early preterm birth and CO and PM2.5 at the end of pregnancy, but overall,
hypertension did not modify the relationship between pollution and preterm birth.
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Background: The association between maternal exposure to PM2.5 and birthweight varies markedly, which
may be caused by susceptibility. Whether this population-level association is a function of mixtures of
individuals with different susceptibilities is unclear.
Objectives: We investigated the probability distribution of individuals with different susceptibilities to
PM2.5-related birthweight change, and evaluated spatial variation of the effect across United States (US).
Methods: We estimated the individual-level susceptibility using the effect of PM2.5 among a homogenous
subpopulation, which was defined by a specific combination of modifiers. According to frequencies for all
combinations, we derived the probability distribution of differential susceptibilities across US. By calculating
the mean effects for various mixtures of susceptible individuals in different regions, we further explored the
spatial variation. From birth certificates across US (1990-2004), we analyzed a total of 18,317,707 samples
of singletons. Of the samples, 54–55% were assigned valid exposures, and linked to PM2.5.
Results: The subpopulation-specific associations of PM2.5 on birthweight change (i.e., susceptibilities)
ranged from negative to positive. For the first-trimester exposure, 61.4% of the associations were negative,
and the mean was -1.01 g (95% confidence interval, CI: -1.63, -0.38) of birthweight change per 5 μg/m3
increase of PM2.5. The state-level associations varied (from -2.04 g [-2.76, -1.31] in New Hampshire to -0.30
g [-1.01, 0.41] in Texas) with demographic compositions in US. The between-state variation of maternal race
and education level were the greatest contributors to the spatial heterogeneity.
Conclusions: Our findings may be useful to the policymaker in planning interventions for subpopulations
susceptible to ambient pollution.
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Background
Previous studies reported that PM2.5 affects premature birth. In addition, recent studies suggest that heat
waves have a negative impact on birth outcomes. However, the associations among PM2.5, heat waves, and
premature birth are controversial. This study aimed to investigate the association between heat wave and
PM2.5 on premature birth.
Methods
National Statistical Office of Korea provided birth data of Seoul from 2010 to 2016 . Preterm birth was
defined as the birth between 22 and 36 weeks of birth . For assessment of exposure period, the duration of
pregnancy for each subject was divided into 1st, 2nd and 3rd trimesters. The PM2.5 data was estimated by
Community Multiscale Air Quality Modeling System (CMAQ) and the heat wave data provided by the Korea
Meteorological Administration. We calculated the total exposure time of the heat wave by subtracting the
start time from the end of the heat wave of one episode and adding up in each trimester. Multiple logistic
regression analysis was performed to adjust gender, mother's age, mother's educational level, and birth
season.
Results
When the PM2.5 concentration was less than 25 μg/m3, the risk of premature birth was significantly
increased with 100 hours increase of heat in 2nd trimester (OR 1.035, 95% CI 1.029-1.042, P <0.001). Also,
the risk of preterm birth more increased when the PM2.5 concentration was 25-35 μg/m3 in 2nd trimester
(OR 1.049, 95% CI 1.037-1.061, P< 0.001).
Conclusion
This study suggests that heatwave exposure in 13 to 24 weeks of pregnancy increased the risk of preterm
birth. In particular, exposure of PM2.5 may increase effect of heat on risk of preterm birth. This study
indicates that fine dust and temperature control is important for preventing preterm birth.
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Background/Aim: Low birthweight is a leading cause of neonatal morbidity and mortality. Maternal factors,
socioeconomic status, and ambient air pollution have been independently associated with low birthweight,
but no studies have examined homelessness and Special Supplemental Nutrition Program for Women,
Infants and Children (WIC) with air pollution. Our aim was to examine the associations and interactions
between prenatal maternal homelessness, participation in WIC, and exposure to fine particulate matter
(PM2.5) on birthweight in an urban cohort of low-income children in Boston.
Methods: We included children recruited to the Boston-based Children’s HealthWatch cohort from 2007
through 2015 (n=3,619). Birthweight was obtained from electronic medical records. Information on
maternal homelessness and WIC participation during pregnancy were provided via questionnaire. Prenatal
PM2.5 exposures were calculated for each trimester. We built linear regression models adjusting for
maternal age, body mass index (BMI), race/ethnicity, nativity, education, smoking, insurance, marital status,
child gestational age and sex, seasonality, and median household income. We also examined interactions
between PM2.5 and each of the covariates.
Results: Being homeless during pregnancy was significantly associated with reduced birthweight (-45.5g,
95% CI: -85.4g, -5.5g), while participating in WIC was associated with increased birthweight (22.7g, 95% CI: 18.4g, 63.7g). Average PM2.5 during the second trimester was the most significant risk factor for reduced
birthweight (-14g, 95% CI: -24.3, -3.6) compared to other PM2.5 exposure windows. The effect of PM2.5
during the second trimester on lower birthweight was stronger among immigrants, Hispanic or non-Hispanic
Black mothers, single mothers, and mothers with lower educational attainment.
Conclusions: Our study emphasizes the individual and synergistic roles of social and environmental stressors
on birthweight, particularly the potential protective effect of participating in WIC. These findings can be
used to direct interventions and policy to maximize a healthy start in life.
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Background/Aim: Heavy industry emits many potentially hazardous pollutants into the air which can affect
health. However, the effects of air pollution from heavy industry on lung function and respiratory symptoms
have been investigated scarcely. Our aim was to investigate the associations of long-term air pollution from
heavy industry with lung function and respiratory symptoms in school children.
Methods: A cross-sectional lung function study was conducted among school children (7-13 years) in the
vicinity of heavy industry. Lung function measurements were conducted at school. Parents of the children
were asked to complete a questionnaire about the health of their children. A dispersion model was used to
characterize the additional individual-level exposures to air pollutants from local industry. Associations
between PM2.5 and NOx exposure with lung function and presence of respiratory symptoms were
investigated by linear and logistic regression analysis respectively.
Results: Participation in the lung function measurements and questionnaires was 84% (665/787) and 77%
(603/787), respectively. The range of the elevated PM2.5 and NOx five years average concentrations (20082012) due to heavy industry were 0.04-1.59 µg/m³ and 0.74-11.33 µg/m³ respectively. Higher exposure to
PM2.5 and NOx (per interquartile range of 0.56 and 7.43 µg/m³ respectively) was associated with lower
percent predicted peak expiratory flow (PEF) (B -2.80%, 95%CI -5.05% to -0.55% and B -3.67%, 95%CI 6.93% to -0.42% respectively). Higher exposure to NOx (per interquartile range of 7.43 µg/m³) was also
associated with lower percent predicted forced vital capacity (FVC) and percent predicted forced expiration
volume in 1 second (FEV1) (B -2.30%, 95%CI -4.55% to -0.05% and B -2.73, 95%CI -5.21 to -0.25
respectively). Exposure to PM2.5 was also associated with dry cough (OR 1.40, 95%CI 1.00 to 1.94).
Conclusion: Exposure to PM2.5 and NOx from industry was associated with decreased lung function.
Exposure to PM2.5 was associated with dry cough.
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Background/Aim: There was an incinerator located in north of Taiwan operating from 2001, and it was
suspension of work due to pollution violations in 2015. This study investigates whether the cancer risks are
increased for residents living in the vicinity of the incinerator.
Methods: For the environmental pollutants, we integrated the multiple media monitoring data for the
incinerator to conduct risk assessment. Then, we collected 4243 adult residents, including 1491 as the
exposure group and 2752 as the non-exposure group, and conducted the questionnaire survey and linked
their past health insurance data in 1998-2015 to analyze the standardized incidence rate (SIR) of cancer. In
addition, we apply the data on the cause of death to observe the cancer standardized mortality rate (SMR)
of local residents in 2015-2017.
Results: For air, it showed the carcinogenic risk over 10-6 when applying the detected concentrations of
dioxin nearby and lead and cadmium in stock of the incinerator. For soil, it showed the acceptable
carcinogenic risk for dioxin, but the carcinogenic risks were over 10-6 when applying the detected
concentrations of arsenic, chromium, and lead nearby. After the incinerator had been operating for 11–14
years, SIRs per 1000 person-years for all cancers in exposure and non-exposure groups were 3.90 vs. 1.48
for all subjects, 5.80 vs. 0.95 for male subjects, and 2.83 vs. 2.02 for female subjects. After conducting
Poisson regression, the adjusted relative risks of SIRs for all cancers between exposure and non-exposure
groups were 2.63 (95% CI: 1.09–6.35) for all subjects, 6.13 (1.08–34.8) for male subjects, and 1.40 (0.58–
3.38) for female subjects. And, the SMR ratio between the exposure and control groups was increased by
years in 2015-2017.
Conclusions: The adult residents living nearby had higher carcinogenic exposure risk and increased cancer
incidence after the incinerator had been operating for 10 years.
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Background:
Epidemiological studies have provided evidence regarding the deleterious effects of source-specific
particulate matter on human health. Studies regarding relative contributions of multiple sources to personal
exposure are limited and inconsistent.
Methods:
Personal monitoring for fine particulate matter (PM2.5) was conducted in 48 adult subjects (ages 18-63
years) in Hong Kong over two sampling periods between June 2014 and March 2015. We investigated the
variation of PM2.5 constituents and assessed source contribution of personal PM2.5 exposure using Positive
Matrix Factorization (PMF), and a blended approach combined the principal component analysis
(PCA)/absolute principal component scores (PCA/APCS) and linear mixed-effects models (LMM),
respectively.
Results:
We identified seven sources using PMF including regional pollution (associated with coal combustion and
biomass burning), secondary sulfate, tailpipe exhaust, secondary nitrate, crustal/road dust, and shipping
emissions. For personal PM2.5 exposure, one additional source related to individuals’ activity was found:
non-tail pipe pollutants (characterized by Fe, Mn, Cr, Cu, Sr). Results showed highly similar
factor/component profiles using PMF and PCA, with some discrepancies in the number of factors.
Subsequently, PCA/APCs-LMM models were applied to estimate sources contribution of personal PM2.5
exposure by season and by the subject group, controlling for temperature and relative humidity. A mixed
source contribution of secondary sulfate, secondary nitrate, and regional pollution was shown (35.1-43.6%),
with no seasonal or subject-specific differences (p > 0.05). Shipping emissions were ubiquitous, contributing
6.3-8.8% of personal PM2.5 exposure for all subjects. Tailpipe exhaust and traffic-related particles varied by
season (p < 0.01) and subject group (p < 0.05).
Conclusions:
Exposure to tailpipe exhaust and regional pollution were underestimated; ambient concentrations at central
monitoring stations did not account for the contributions of personal activity related sources (e.g., nontailpipe pollution). Caution should be taken when using source-specific PM2.5 as proxies for the
corresponding personal exposures in epidemiological studies.
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Background: Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are persistent organic
pollutants emitted from industrial combustion facilities and various manufacturing processes. Residential
proximity to facilities emitting PCDD/Fs has been associated with increased PCDD/F levels in homes and risk
of non-Hodgkin lymphoma (NHL), though few studies have investigated these relationships.
Methods: We evaluated associations between residential proximity to dioxin-emitting facilities and NHL
among participants of the NIH-AARP Diet and Health Study, a prospective cohort (N=548,845) in 6 states
and 2 cities in the U.S. We linked geocoded enrollment addresses (1995-1996) with a U.S. Environmental
Protection Agency database of 4,478 historical PCDD/F sources, which contained toxic equivalency quotient
(TEQ) emissions estimates from 1995. We evaluated NHL risk with proximity metrics indicating
presence/absence of one or more facilities within 3 or 5-km of participant homes, overall and separately by
facility type (e.g. coal-fired power plants, municipal solid waste incinerators). We also examined risk by
exposure intensity within 5km using a distance- and toxicity-weighted average emissions index (AEI [ng
TEQ/km2]). Cox regression was used to estimate associations (hazard ratio, HR; 95% confidence interval,
95%CI) with NHL and major subtypes, adjusting for demographic, lifestyle, and dietary characteristics.
Results: With 6,747 incident cases through 2011, we found no associations between overall or facilityspecific PCDD/F proximity metrics and risk of NHL or major subtypes. However, participants with an AEI
>95th percentile had significantly increased risk of developing NHL compared to unexposed participants
(HR=1.27; 95%CI=1.05-1.53; p-trend=0.01). Risk of follicular lymphoma was also significantly elevated
among participants with the highest quartile of the AEI (HR=1.33; 95%CI=1.02-1.74; p-trend=0.04). We saw
no significant associations with other NHL subtypes.
Conclusions: Using exposure metrics that accounted for distance and the toxicity of emissions, we found
evidence of an association between residential exposure to high PCDD/F and risk of NHL overall and
follicular lymphoma in particular.
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This study assessed and characterized the ambient air of PM2.5-bound polycyclic aromatic hydrocarbons
(PAHs) for Taiwan national-wide. Particle measurements were conducted once in three days from May 2016
to May 2018 in Taipei (urban), Chiayi (suburban), Kaohsiung (industry) and Hualien (rural). PAHs in PM2.5
samples were analyzed using GC-MS/MS. We used PAHs diagnostic ratios to identify pollution emission
sources. Annual mean concentration of PM2.5 was 15.6±7.29 μgm-3 in Taipei, 25.6±15.8 μgm-3 in Chiayi,
25.3±14.8 μgm-3 in Kaohsiung and 10.2±4.96 μgm-3 in Hualien, which exceeded guideline limit by Taiwan
EPA (15μgm-3) except for those in Hualien. Annual mean concentrations of total PAHs were 0.950±0.707,
1.57±1.49, 1.49±0.950 and 0.722±0.726 ng/m3 for Taipei, Chiayi, Kaohsiung and Hualien, respectively, while
their corresponding BaPeq presented 0.095±0.072, 0.184±0.195, 0.178±0.124, 0.078±0.086 ng/m3 in
concentrations. The BaPeq level in Chiayi and Kaohsiung exceeded the guideline limits published by WHO
(0.12 ng/m3). A seasonal variation for PM2.5 and PM2.5-bound PAHs with a high level was observed in the
winter. The diagnostic ratio of FL/(FL+Pyr) exhibited PAHs from fossil fuel combustion rather than
petrogenic sources. The lowest fraction of Bap/(Bap+Bep) and Bap/(Bap+Bghip) confirmed the aged and
non-traffic PAHs of collected aerosols and thus suggested a secondary emission of particles within that size
range. Our results could make efforts on efficiently recognizing anthropogenic sources of PM2.5-bound
PAHs and their impact on air quality in the study area, and thus to initiate strategies on emission control to
improve public health.
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Background. Some occupational and experimental studies revealed that vinyl chloride monomer (VCM)
exposure is associated with non-alcoholic fatty liver disease (NAFLD). Previous study reported that children
living near a petrochemical complex had higher exposure level of urinary thiodiglycolic acid (TDGA), which is
a suggested biomarker of VCM. However, no study is available for the association between urinary TDGA
exposure and NAFLD in children.
Aim. We aim to assess NAFLD in relation to urinary TDGA exposure in school-aged children living near a
petrochemical complex.
Materials and methods. 261 school-aged children (6-13 years) living near the petrochemical complex were
recruited during October 2013 to September 2014. First morning spot urine was sampling for analyzing
urinary TDGA by liquid chromatography-tandem mass spectrometry. Ultrasonography (U) and serum ALT
were examined in each participant. NAFLD was diagnosed by the recommendation of the North American
and European Society of Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN and ESPGHAN).
Results. Participants with the highest quartile of urinary TDGA (Q4: ≧160.0 μg/g creatinine) had a
significantly increased risk (OR= 4.95; 95 % CI= 1.15-21.38; p= 0.032) and dose-response trend (Ptrend=
0.045) for NAFLDNASPGHAN compared with those in the lowest quartile (Q1: <35.4 μg/g creatinine) after
adjustment for significant covariate. Participants with the Q4 had borderline significantly increased risk
(OR= 3.45; 95 % CI= 0.89-13.42; p= 0.074) for NAFLDESPGHAN compared with those in the Q1 after
adjustment.
Conclusion: Our findings support the hypothesis that children exposed to higher urinary TDGA levels had
significantly increased risk of NAFLD. Serum ALT levels could be a good predictor for screening children’s
NAFLD in the field study. Large and longitudinal studies are warrant to elucidate the association.
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Background: Recent studies have shown elevated concentrations of ultrafine particles (UFP) near airports.
Aircraft emissions are characterized by a smaller particle size and relatively low levels of Black Carbon (BC)
compared to other combustion sources, such as road traffic. We measured particle number concentrations
(PNC), particle size distribution and BC simultaneously outside 2 schools near Schiphol Airport.
Methods: We conducted continuous measurements of PNC (Scanning Mobility Particle Sizer; GRIMM5420/L-DMA) and BC (MAAP; Thermo-5012) outside 2 schools simultaneously for 1 year (December 2017december 2018). One school was located South of the airport and the other school North-Northeast of the
airport. Schools were located at approximately 8 km distance from each other and at 2-3 km distance from
the nearest runway. We analyzed hourly average concentrations of total and size-specific PNC and BC in
relation to wind direction, as well as correlations between and within schools.
Results: We observed 2-3 times higher total PNC levels when the schools were downwind of the airport.
This elevation was most pronounced for PNC<30nm (4-fold increase) and decreased with increasing particle
size. Correlations between schools were low for PNC (R 0,07) and high for BC (R 0,86). Within schools, BC
was poorly correlated with total PNC and PNC<30nm (R 0,17-0,33). Correlations with BC increased with
increasing particles size (R 0,61-0,66 for PNC>30nm and 0,75-0,77 for PNC>50nm).
Conclusions: We found elevated levels of airport related PNC at schools near Schiphol airport. Variations in
airport related PNC were largely independent of variations in BC. Results will be used in a panel study on
short-term effects of UFP on schoolchildren
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“The views expressed in this presentation are those of the author and do not necessarily represent the
views or policies of the U.S. Environmental Protection Agency.”
Background
Studies of human exposure to petrochemical products report associations with higher risk of hematopoietic
cancer. However, the risk of leukemia for individual living close to petrochemical industrial complexes (PIC)
remain unknown and controversial. This study aims to estimate the health impact for resident living in the
vicinity of PIC, especially those belonging to vulnerable groups, such as children, or different genders.
Methods
We followed Cochrane meta-analysis protocal to to analyze findings from 21 subjects from nine published
research articles in seven countries. A random effect model was applied to estimate the pooled effect due
to high heterogeneity between the selected studies. Meta-regression and subgroup analysis were further
applied to identify heterogeneity. We also performed sensitivity analysis, Funnel plot, Egger’s test, and
Begg’s test to assess possible publication bias.
Results
Residents living close to PIC have a 27% greater risk of leukemia (RR = 1.27, 95% CI = 1.08–1.50). Female
residents (RR = 3.17, 95% CI = 2.13–4.73) and children under 10 years old (RR = 2.75, 95% CI = 1.23–6.13)
are the most vulnerable groups. Those living as far as 7.5 km from PICs still have an elevated risk of
leukemia by a factor of 18% (95% CI = 1.05–1.33).
Conclusions
Our study reveals a significantly increased risk of leukemia incidence among residents in the vicinity of PICs,
especially among females and young children, even from distances as great as 7.5 km. These findings can
inform future policy-making to address health disparities resulting from residential exposures.
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Background: Exposure to benzene is a known risk factor for acute myeloid leukaemia among adults.
Residential and parental exposure to benzene has also been linked with childhood leukaemia. Children living
close to petrol stations are exposed to higher concentrations of benzene compared to background levels.
However, few studies have investigated the associated risk of childhood cancer.
We aimed to investigate whether children living in close proximity of petrol stations are at greater risk of
childhood cancers, leukaemia, and central nervous system (CNS) tumours.
Methods: We identified all cases of childhood cancer (<16 years old) diagnosed between 1985 and 2015
from the Swiss Childhood Cancer Registry and selected 10 age and sex matched controls per case from the
Swiss national censuses (1990, 2000, 2010 and onward). We extracted exact geocodes of cases and controls
from the SCCR and the censuses, respectively, and from the Swiss Business Census for petrol stations.
Proximity to petrol stations was measured as the distance from children’s homes to the nearest petrol
station recorded in the last business census preceding a case’s diagnosis. Odds ratios were estimated using
conditional logistic regression.
Results: We identified 6,129 cases for all cancers combined, 1,880 cases of leukaemia, and 1,290 cases of
CNS tumours. A total of 27 cancer cases lived in close proximity to petrol stations (<50m). The odds ratio for
children living close to a petrol station compared with unexposed children (≥500m) was 1.57 (95%-CI 1.05,
2.36) for all cancers combined. We found no evidence of an association for leukaemia (OR 1.13; 95%-CI
0.52-2.47) and CNS tumours (2.06; 0.79-5.41).
Conclusions: We found evidence of an increased risk of childhood cancer (all diagnosis combined) among
children living in close vicinity of petrol stations. Our study does not allow any conclusions for specific
diagnostic groups.
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Background: Particulate matter with an aerodynamic diameter of less than 2.5 μm (PM2.5) is an indicator of
air pollution, and a key environmental and public health threat. The paucity of studies in South Africa on the
toxicity of the heavy metal content of PM2.5 represents a significant gap in knowledge. This study
determined the cancer and non cancer health risks associated with exposure to PM2.5-bound heavy metal
in an industrial area in Pretoria.
Methods: The study comprised three parts: (i) ambient air monitoring for PM2.5; (ii) sampling and analyses
of PM2.5 for its the heavy metal content; and (iii) application of the human health risk assessment model of
the United States Environmental Protection Agency for estimating the health risks among specified age
groups. Samples of PM2.5 were collected during winter and summer on 47 mm glass fibre filters for 16
weeks. The filters were analysed for heavy metals using standard methods. Estimates of cancer and noncancer risks were determined.
Results: The mean winter (38.20±8.4 μg/m3) and summer (22.3±4.1 μg/m3) concentration levels of PM2.5
levels were lower than the stipulated 40 μg/m3 daily limit. However, the carcinogenic risks of exposure to
PM2.5 were higher than the standard value (10−6 to 10-4). The average concentrations of Arsenic,
Cadmium, Chromium, Manganese, Nickel, Lead and Zinc in PM2.5 exceeded the recommended safe limits.
The carcinogenic risks from Arsenic, Cadmium, Chromium, Nickel and Lead through the inhalation, ingestion
and dermal pathways were higher than the acceptable limits for all age groups.
Conclusion: Human exposure to an ambient concentration of PM2.5 and its heavy metal contents will
induce cancer and non-cancer morbidities even at levels below regulatory standards. This is a pointer for
policymakers to advance the course for the formulation of regulatory standards for PM2.5-bound heavy
metal in South Africa.
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Data on the abundance/prevalence of fungi species in the atmosphere of sub-Saharan Africa is limited
which necessitated this study for forecasting the prevalence of allergenic fungi in the environment at
various seasons. Fungi are an increasing public health problem worldwide. Fungi spores induce an allergic
response in individuals; and they are are present in both outdoor and indoor environment. Their presence,
profile of species and concentration depend on various climatic factors such as temperature, humidity, wind
direction, sunshine. Fungal spores are derived from vegetation, garbage and other agricultural practices.
The study investigated a two year comparative and diversity survey of airborne fungal spores and pollen
counts in Lagos and Oyo States, Nigeria. Sedimentation plate technique using Dichloran Glycerol -18 agar
and Potato Dextrose Agar (culture dependent) was used; characterization was done with PCR and SDS-page
analyses. Mean values of characters studied were separated using the Duncan Multiple Range Test at
p≤0.05. A total of 44 fungal species and strains were isolated with Aspergillus, Penicillium and Fusarium
being mostly abundant while Absidia, Curvularia and Mucor had the least values of spore count. The least
fungal counts was recorded in the dry season and highest in the rainy season. SDS-PAGE analysis revealed a
total of 25 protein bands with molecular weight between 5 and 100 kDa. In the study, a correlation has
been made between composition of airspora and the incidence of seasonal fungi allergy. It was inferred in
the study that Aspergillus and Penicillium species can be major contributors to allergy/ asthma in the study
areas.
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Background/Aim
Breast cancer (BC) is one of the most prevalent cancers in women and its incidence increased in France
during the past thirty years. Known risk factors include ageing, genetic, reproductive, anthropometric, and
lifestyle factors. Since they fail to totally explain the observed risk increase, it has been hypothesized that
some of this increase could be related to environmental exposure to endocrine disrupting chemicals.
Among those, dioxins are environmental and persistent organic pollutants. Due to their endocrine
disrupting properties, dioxins are suspected to increase BC risk. We aimed to estimate the association
between airborne dioxin exposure and the risk of BC among women in a case-control study nested in the
French E3N cohort.
Methods
Our study focused on 4029 invasive BC cases diagnosed between 1990 and 2008 and 4029 randomly
selected controls matched to cases. Assessment of airborne dioxin exposure was based on a detailed
inventory of dioxin emitting sources and residential history of the study subjects. Exposure was evaluated at
the individual address level with a GIS-based exposure metric that included proximity to dioxin sources and
their technical characteristics (emission intensity and stack height), exposure duration and wind direction.
We estimated odds ratios (OR) and 95% confidence intervals (CI) for BC using conditional logistic regression
models adjusted for known BC risk factors.
Results
Risk estimates were not significant overall across quintiles of exposure (OR Q5 vs Q1=0.96, 95%CI: 0.821.12). In contrast, we observed a significant inverse association for estrogen receptor (ER) negative and
progesterone (PR) negative, only among premenopausal women at diagnosis (OR Q5 vs Q1=0.40,
95%CI:0.21-0.74, p for trend=0.05).
Conclusions
In our study, overall BC was not associated with airborne exposure to dioxins, however an inverse
association was suggested for ER-PR- BC in premenopausal women at diagnosis. Further studies are
required in order to confirm these results.
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Background/aims:
Industrially Contaminated Sites (ICSs) represent a relevant public health issue. Within the COST Action
ICSHNet, a method for assessing the health impact of pollution from contaminated sites using available
large European open access datasets has been developed, with an application to the case of landfills.
Methods:
Standard methods for health impact assessment and burden of disease were applied using the available
evidence on the health effects of living near a landfill. Geo-referenced data on landfills from the European
Pollutant and Transfer Register (E-PRTR) were combined with population density data (European
Environment Agency dataset) and disease frequency data from European health for all database (HfA).
Uncertainty was assessed via simulation methods.
Countries covered by the European Environment Agency’s E-PRTR registry on contaminated sites were
considered for the period 2007-2014.
Four outcomes, for which suggestive evidence is available, were included: low birth weight (LBW);
congenital anomalies; respiratory diseases; annoyance from odour. Firstly, they were analysed separately,
in terms of excess number of cases, and then combined into Disability-Adjusted Life Years (DALYs).
Results:
1,544 landfill sites were considered. 29.3 million people (6% of the total population) live within 4 km from
one or more of these sites. The number of yearly attributable cases associated with low birth weight,
congenital anomalies, respiratory diseases, and annoyance from odour were estimated, respectively, at
1,239, 70, 33,039, and 1,582,624. Associated total DALYs were 61,325.
Conclusions:
Estimates indicate a sizable health impact, largest for annoyance from odour, given the high frequency of
the outcome and in spite of its lesser severity compared to the other ones. Application of the methodology
is relatively straightforward, once the main assumption of causality is made. The present work offers a first
approximation of the impact on health of waste landfills in Europe and can be further applied to other ICSs.
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Background: Studies show associations between long-term exposure to regional fine particles (PM2.5) and
the onset of hypertension (HT) and diabetes but few studies have assessed associations with PM2.5 from
local industrial sources which may be large contributors of PM2.5 in some localities.
Objective: To estimate associations between exposure to PM2.5 from regional and from industrial sources
in population-based cohorts of adults in Quebec, Canada, between 2000 and 2014.
Methods: Diabetes and HT open cohorts of adults 20+ years were built from administrative health
databases; validated algorithms were used to ascertain cases. Regional PM2.5 levels and PM2.5 from
industries were estimated at postal codes of residence of cohort members; the former from satellite images
while the latter from the CALPUFF dispersion model based on information from the National Pollutant
Release Inventory. We performed Cox models using age as the time axis, adjusted for gender, material and
social deprivation and calendar year and stratified for age groups. Sensitivity analyses include multipollutant
models and indirect adjustment for smoking.
Results: The cohorts comprise ~6,000,000 adults, 1,291,861 incident cases of HT and 569,912 cases of
diabetes. From preliminary assessments, adjusted HRs per increase of an interquartile range (IQR) of
regional PM2.5 were 1.037 (95%CI: 1.020-1.052) and 1.107 (1.108-1.130) for HT and diabetes respectively.
Per increase of an IQR of PM2.5 from industrial sources, the HR for HT was 1.007 (95%CI: 1.003-1.010) and it
was 1.009 (1.006-1.013) for diabetes. The IQR of PM2.5 from industrial sources (0.1 µg/m3) was lower than
the IQR of regional PM2.5 (~4 µg/m) although extreme exposure values were present (e.g. yearly average of
20 µg/m3).
Conclusion: Residential exposure to PM2.5 from regional and industrial sources both appear to be
associated with HT and diabetes. Whether these risks are independent from each other and from smoking is
yet to be seen.
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Shipping is a major source of particulate air pollution. From January 2015, new regulations restricted fuel
sulphur from 1% to 0.1% in the Baltic Sea region. The present study was conducted as part of an EU project
on air pollution from shipping.
Total levels of PM2.5 (particulate matter < 2.5 μm) and the contribution from shipping in the Baltic Sea was
modelled into squares 0.1º x 0.1º (approximately 10 x 10 km) for Sweden for the years 2014, 2015 and
2016. Data from Eurostat was used to geocode the inhabitants into 1 km x 1 km squares and assign
exposure to PM2.5 from maritime shipping in each square. Data was adjusted to the same meteorology.
Geocoding and the linking of data were done with GIS. Baseline mortality and morbidity data was retrieved
from health registers and exposure-response relationships from the Health risks of air pollution in Europe
review (1.062 per 10 μg/m3).
Results showed an average population exposure of PM2.5 from Baltic shipping for Sweden in 2014 of 0.354
μg/m3, and after the stricter sulphur regulations in 2015, it decreased to 0.228 μg/m3 in 2016. PM2.5 from
shipping was estimated to have caused 181 premature deaths in Sweden 2014 and 119 premature deaths in
2016. In addition, 126 first time myocardial infarctions, 232 first time strokes and 196 cases of childhood
asthma in 2014 were estimated to be caused by air pollution from Baltic shipping. In 2016, it decreased to
81, 150 and 126 cases. With relative risks from the European Study of Cohorts for Air Pollution Effects, the
estimates would have been two-fold higher.
The estimated excess mortality and morbidity caused by PM2.5 air pollution from shipping in this study is
significant. Furthermore, it shows the impact of stricter regulations, and the role of decision-makers and
public health.
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Background: Epidemiological study of the specific effects of particulate air pollution elemental species is
methodologically challenging. The current methods for air pollution speciation analysis are laborious and
expensive. We report a time and cost-effective technique to directly analyze inorganic elemental species in
particulate matter from air pollution filters.
Methods: Total suspended particulates (TSP) filters collected every 6 days in 2011 were used from three
South Carolina locations representing the northern (n=56), middle (n=56) and southern regions (n=53). We
first cut and mounted TSP filter and QA/QC samples onto 3mm thick 38mm diameter glass discs. Then
samples were directly analyzed with a quadrupole ICP-MS (Agilent Technologies 8800, Palo Alto, CA)
interfaced with a laser ablation system (LA-ICP-MS) and 20-stage integrated autosampler to analyze 45
different isotopes. Signals from the ICP-MS were converted to elemental concentrations using NIST
Standard Reference Materials.
Results: Each analytical run of 20 samples took ~60 minutes. Calcium had the highest concentration
(median=235.2 mg/kg, IQR=595.98 mg/kg) while Beryllium had the lowest (median=0.00131 mg/kg,
IQR=0.00242 mg/kg), but only at the northern and southern sites. High levels of Calcium were consistent
across all three sites. 202Hg, 232Th and 121Sb were detected in 100% of all filter samples. Preliminary
Kruskal-Wallis tests revealed statistically significant differences across regions in median concentrations for
25 nuclides (p<0.05), and marginal significance for one (p=0.08). Ten nuclides did not differ across the three
sites (p>0.1). Subsequent analyses will assess the spatial and temporal trends of these isotopes, as well as
their association with health outcomes in epidemiological studies.
Conclusion: We demonstrated the utility of an automated LA-ICP-MS for analyzing TSP air filter media for
nuclides of inorganic elements. Further development of this method has potential to improve
understanding of particulate air pollution species and application to epidemiological study of their
associated health effects.
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Background: Numerous epidemiological studies globally reported on the health effects of PM2.5. No air
pollution sampling is conducted in Thohoyandou by the Department of Environmental Affairs. There is
currently no Air Quality Management Plan (AQMP) for Thohoyandou nor the Vhembe district in which the
city is located - as required by the South African Air Quality Act.
Methods: 24-hour PM2.5 samples (9am to 9 am) were collected at a single site every third day from 18 April
2017 to 16 April 2018. PM2.5 was collected on Teflon filters and analysed gravimetrically as well as for
elemental composition, soot, black carbon and organic carbon. The morphology of PM2.5 was also
investigated. The geographical origin of air masses that passed through Thohoyandou was determined using
HYSPLIT.
Results: 24-hour PM2.5 levels never exceeded the South African daily standard (40 μg.m-3), but exceeded
the WHO daily guideline (25 μg.m-3) nine times. The annual average was 10.9 μg.m-3 and just exceeded the
WHO annual guideline (10 μg.m-3), but not the South African annual standard (20 μg.m-3). The maximum
PM2.5 level of 37.5 μg.m-3 was recorded in July 2017 (dry winter), whilst the minimum of 1.1 μg.m-3 was
recorded in September 2017 (rainy spring). Soot, black carbon and organic carbon levels were higher in the
colder than warmer months. Elements associated with industrial emissions were high and were detected
during all months. The morphology of the PM2.5 samples included rough rectangle and spherical particles.
PM2.5 levels were lower for air masses that originated in the Indian Ocean or Atlantic Ocean compared to
those that originated inland. Conclusions: The results indicate that a variety of sources contribute to PM2.5
levels in Thohoyandou, including biomass burning for residential heating in winter, traffic and industrial
activities.
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Background: PM2.5 is not a single pollutant but a mixture of pollutants from multiple sources and with
multiple chemical components. Treating PM2.5 as a single pollutant seriously reduces its association with
health effects. Methods: Betas, t-statistics, and % increases in risk for a 0.5 Interquartile (IQR) increase in
concentration are calculated for 1) source contributions from a source apportionment model (sulfate, soil,
elemental carbon, and vegetative burning), and 2) eleven individual chemical components of PM2.5 Results:
Strong associations are found for sources and for individual chemical components on various lag days from
zero to 10. Results are reported for individual lag days and for all lag days in an unconstrained distributed
lag model. The source contributions from a source apportionment model are uncorrelated so their
individual values are meaningful. Since the chemical components are correlated, they confound each other,
in some cases negatively, so individual values may not be meaningful. Since the total effect of PM2.5 as a
mixture is of interest, i.e., all components of PM2.5 acting together, the combined betas for 1) all sources
and 2) all chemical components are reported. The resulting t-statistics and % increases in risk are
surprisingly high. For Central Phoenix, including the four major sources, a 0.5 IQR increase in the yearly
average of each source contribution yields an increase in risk of 24% (95% CI, 5-46). This compares with
5.9% (95% CI, 2.2-9.7) for PM2.5. Conclusions: Treating PM2.5 as a mixture, rather than as single pollutant,
yields a four-fold increase in risk. Risks are higher than might be expected since the study was limited to
Central Phoenix, an area for which the exposure is well-represented by the central air pollution monitor.
The population is largely of a lower socioeconomic class causing deaths to be concentrated in a few lag days
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Background/Aim
Epidemiological studies suggested that the association between short-term exposure to fine particulate
matter (PM2.5) and mortality or morbidity was possibly due to some chemical components of PM2.5.
However, findings were inconsistent for the responsible PM2.5 components. This study aimed to examine
the city-specific association of short-term exposure to PM2.5 metallic components with daily respiratory
mortality in 6 major South Korean cities for 2011-2015.
Methods
We obtained daily 24-hour concentrations of PM2.5 mass and chemical components measured every or
every third day for 2011-2015 at single monitoring sites located in residential areas of six major South
Korean cities: Seoul, Busan, Daegu, Gwangju, Daejeon, and Ulsan. We focused on lead, nickel, silicon,
vanadium, copper, and zinc that showed the associations with mortality in previous epidemiological studies.
We also computed daily respiratory death counts for the same study period and area from death certificate
data. Using Generalized Addictive Models, we estimated relative risks (RRs) of daily respiratory mortality for
interquartile range increases in daily PM2.5 and metallic component concentrations for 0 to 7 previous
days, while controlling for a long-term time trend and meteorology.
Results
PM2.5 was marginally or significantly associated with respiratory mortality in 3 out of the 6 major South
Korean cities (RR=1.073-1.107). The associations for metallic components varied across the 6 cities.
However, in the second largest city with large major ports, Busan, there was strong positive associations
with vanadium (RR=1.102, 95% confidence interval=1.033-1.175) and nickel (1.138, 1.061-1.221). RRs for
vanadium and nickel tended to be higher in the cities with higher daily concentrations.
Conclusion
Our findings showed that metallic components responsible for PM2.5-associated respiratory mortality
differed across major South Korean cities depending on dominant pollution sources, suggesting large health
effects of oil combustion-related PM2.5 components in major port cities.
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Black carbon in Beijing has significant higher concentration than most of the cities in the world, which
exhibits adverse health impacts. BC also plays an important role in climate change. To understand the
impacts of BC, it is very critical to first acquire a good knowledge of BC characteristics and sources. In this
study, BC is examined with different instrumentation to understand its properties, with BC concentration by
the 7-wavelength Aethalometer (AE-33), size and mixing state by the single particle soot photometer (SP-2),
and composition of coating by the single particle aerosol mass spectrometer (SPAMS). With the above
combined information, the sources of BC are identified. Data from three-year continuous measurements of
BC by AE-33 in Beijing are examined. It can be seen that BC has clear seasonal variation (the highest in
winter, and the lowest in summer) and diurnal variation (bimodal distribution). During hazy days in fall and
winter, coal combustion and biomass burning are important sources of BC, while in clean days, the major
source of BC in Beijing is traffic. Our long-term monitoring shows that BC concentration in Beijing has a
decreasing trend since 2015, with a significant decrease in winter of 2017, which is due to the reduction of
coal combustion source including residential sector. This indicates the effectiveness of control policy in
Beijing, as evidenced by BC ambient concentration and sources identified by different tools including
positive matrix factorization (PMF), the receptor model.
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Background/Aim: It is well established that exposure to particulate matter (PM) increases risk of
cardiovascular morbidity and mortality, but the exact mechanisms remain unknown. However, few studies
have investigated the potential role of particle radioactivity. Previous research has demonstrated that
naturally-occurring radionuclides, primarily radon decay products, attach to PM in the accumulation mode.
These radionuclides continue to decay and release ionizing radiation after inhalation and deposition in the
lungs. This study assesses whether exposure to particle radioactivity is associated with biomarkers of
inflammation and endothelial dysfunction in the Normative Aging Study cohort.
Methods: Our study included 753 men in the greater Boston area. Gross beta concentrations, measured at
five locations, were used as a surrogate for regional particle radioactivity. We used linear mixed-effects
regression models to examine whether particle radioactivity is associated with fibrinogen, C-reactive protein
(CRP), intercellular adhesion molecule-1 (ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1), with
and without additional adjustment for particle number, black carbon, and PM2.5.
Results: We observed positive and significant associations between particle radioactivity and CRP, ICAM-1
and VCAM-1. An IQR increase in mean seven-day particle radioactivity (1.17 10-4 Bq/m3) was associated
with a 4.88% increase in CRP (95% CI: 0.08, 9.91), a 2.79% increase in ICAM-1 (95% CI: 1.43, 4.18), and a
4.26% increase in VCAM-1 (95% CI: 2.48, 6.08). There was no significant association between PR and
fibrinogen. The main effects of particle radioactivity remained similar after adjusting for particle number
and black carbon. The association between particle radioactivity and ICAM-1 was reduced after adjustment
for PM2.5, suggesting potential confounding.
Conclusions: Regional particle radioactivity is positively associated with inflammatory biomarkers, indicating
a potential biological pathway for radiation-induced cardiovascular effects.
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Background: Radon(222Rn) exposure is the second leading cause of lung cancer. For effective communitylevel Radon control policies, figuring out the main influential factors affecting Radon exposure and
determining the representative value of Radon is important. However, little research has been conducted
on recent national Radon surveys in Korea.
Objective: To identify 2 main influential factors affecting Radon exposure (geologic factors and building
types) using recent school & residential Radon survey data of South Korea and to analyze the association of
Radon exposure with lung cancer mortality.
Methods: Based on the school(2008~2009) & residential Radon data(2011~2016) from the Korean ministry
of Environment, we compared the exposure variation of Radon levels among building types and inferred the
amount of geologic influence through Spearman correlation coefficients(We are waiting for additional soilRadium data and will use it to validate the geologic influence of Radon). Furthermore, we chose ‘detached
house(2011~2016)’ as a building type that might maintain consistency in building structures regardless of
the location of the buildings. After considering seasonal and temporal variation of exposure, we conducted
a Poisson regression analysis to assess the association between regional Radon exposure of detached
houses and age adjusted lung cancer mortality rates(2017) controlling for sex and smoking rates.
Results: Similar regional exposure variations and moderate & high correlations (r>0.5) between building
types indicate high geologic influence on Radon exposure. Despite controlling for potential confounders, the
Poisson regression showed no significant associations of Radon and lung cancer(RR=1.001,95%CI:0.9991.003).
Conclusions: The influence of geologic factors and building types on Radon exposure is evident but
insignificant association of Radon and lung cancer mortality rates may indicate the inappropriateness of
using cross sectional Radon data to represent the whole cumulative exposure of a certain community. To
effectively represent the exposure, data that involves housing population and valid exposure duration may
be necessary.
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Background/Aim
After the Fukushima Daiichi Nuclear Power Plant disaster happened in 2011, residents to living within 20 km
of the plant evacuated. This study therefore aims to evaluate the effects of evacuation (i.e. lifestyle
changes) on the incidence of diabetes among the non-diabetic residents of the Kawauchi Village, compared
with the neighboring Ono Town.
Methods
This is a retrospective cohort study. Annual health examination data under the National Health Insurance,
including anthropometric, biochemical and lifestyle measurements from 2010 to 2017, were obtained from
Kawauchi Village and from Ono Town as a control.
Results
At baseline, lifestyle change score and body mass index (BMI) change were higher in Kawauchi than in Ono
(p=0.016 and p<0.001 by t-test, respectively). Kaplan-Meier curve analysis showed that incidence of
diabetes (DM) in the borderline DM group was much greater in Kawauchi Village, where DM occurred
among 38.2% of the members in 2012 and increased to over 60% cumulatively through 2017, while DM
occurred only 16.3% in 2012 and below 30% in 2017 in Ono Town (p<0.001 by Log-rank test). Cox
proportional hazard regression analysis was further applied to non-DM groups of two study sites separately
to evaluate the effect of lifestyle change from 2010 to 2012 in each site. While BMI at 2010, BMI change,
and the lack of regular exercise (hazard ratio (HR)=1.29, 1.72 and 5.04, respectively) showed significant
association with the onset of diabetes in Ono Town, only BMI and late-night dinner (HR=1.21 and 4.86,
respectively) showed significant association in Kawauchi Village.
Conclusions
In this study, we confirmed the incidence of diabetes were increased after the Daiichi Nuclear
Power Plant disaster among evacuees. We also found the changing of lifestyle habits, suggesting that
prevention of the diabetes with promotion of the healthy lifestyle behaviors is urgent priority.
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Background: It is not known if short-term exposures to radiation associated with particulate matter (PM)
has pulmonary effects. We assessed relationships between short-term PM-gamma radiation activities and
pulmonary function in patients with chronic obstructive pulmonary disease (COPD).
Methods: We studied 125 patients with COPD from Eastern Massachusetts, USA, 2012 to 2014 who had up
to 4 seasonal one-week assessments of indoor particulate matter ≤2.5 μm (PM2.5), black carbon (BC), and
sulfur followed by spirometry. Ambient gross gamma count data measured in Boston (gamma energy
channels 3 – 9) were from U.S. EPA’s RadNet system, a national radiation monitoring network. We adjusted
for background terrestrial and cosmic radiation to estimate daily ambient PM-gamma radiation activities
and estimated indoor exposures by using the indoor-to-ambient sulfur ratio as a measure of home
infiltration. Mixed effect model adjusting for potential confounders, including pulmonary medication use
and recent respiratory illnesses, were used to assess associations with pre- and post-bronchodilator (BD)
forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC).
Results: Exposures to ambient and indoor PM-gamma radiation activities were associated with decreases in
pre- and post-BD FEV1 and FVC; the greatest effects were from lower energy spectral classes closely related
to ambient radon decay progeny. Ambient exposure averaged from the day of pulmonary function testing
through the previous 3 days was associated with a decrease in pre-BD FEV1 of 21.0 ml (95%CI: -38.5 to -3.0
ml) and pre-BD FVC of 27.5 ml (95% CI: -50.7 to -5.0 ml) with similar effects post bronchodilator. Effects of
PM-gamma activities adjusting for weekly PM2.5 and BC did not meaningfully change.
Conclusion: As gamma radiation activities reflects the decay of environmental alpha- and beta-emitting
radionuclides, these results suggest that exposures to natural radiation associated with ambient PM is
associated with reduced pulmonary function in COPD patients.
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Light pollution is the common name of various negative effects on eco-systems and human health found in
artificial lighting (electro-magnetic emissions).
Objective: The objective is to identify the harmful impact of the light pollution on the people’s health
worldwide and Bulgaria.
Methods: Several international research data and some conducted in Bulgaria have been used in this study.
Result: The light pollution is confirmed by the analyses of satellite Earth observations - from 2012 to 2016,
according to which the artificial illumination and brightness on the planet have increased with an intensity
of around 2%. The most severe situation is observes in densely populated industrial areas in North America,
Europe, Japan and other countries.
In the United States and Europe, 99% of people cannot "feel" a natural night. In Bulgaria there are
occasional publications related to the light pollution effect on the flora and fauna in the country and in the
field of astronomy.
When the day-night cycle is not disturbed, the human body produces naturally melatonin hormone. The
latter has antioxidant properties, it is responsible for the sleep cycle, stimulates the immune system, lowers
cholesterol and helps the thyroid gland, pancreas, ovaries and other functions. Night exposure to artificial
light suppresses the production of melatonin. The risk of obesity, depression, sleep disturbances, diabetes,
breast cancer increases. The brightness (light pollution) in big Bulgarian cities like Sofia, (3.30 mcd / m2),
Plovdiv (3.10 mcd / m2) and Varna (3.04 mcd / m2) at night is 3 to 4 times smaller than in Lisbon (12.3 mcd /
m2 ), New York (10.1 mcd / m2), London (9.91 mcd / m2), etc.
Conclusion: Although light pollution rate in Bulgaria is lower, it is a major environmental and health problem
that requires legislative measures.
Key words: light pollution, electromagnetic emissions, environment, health, risk, problems.
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Background: Light at night (LAN) exposure can be assessed with personal measurements, but it is unclear in
how far different placement and directionality of measurement devices will lead to differences in
measurement results.
Methods: We measured LAN illuminance (lux) during six nights in Utrecht, the Netherlands, while biking in
areas with lower or higher LAN background levels (urban business/rural). Measurements were performed in
parallel with eight sensitive light meters (LightWatcher, LoQ about 0.005 lux). Of meters, one was mounted
on glasses (as a proxy for personal exposure), one was worn as a pendant; six were mounted on a bike:
horizontally directed left and right, two directed forward, one directed backward and one upward. Logging
intervals were set to 1Hz. For collected 29,000 measurements, we calculated summary statistics of LAN
levels and Spearman correlation’s rho to evaluate consistency of results between the meter fixed to glasses,
and the meters worn as a pendant or mounted on the bike.
Results: Median LAN levels of the different areas ranged between 0.4 lux to 2.4 lux (glasses). Consistently
higher (1.1-1.4 times) LAN levels were measured with devices worn as pendant, or pointing forward or
backward, as compared to illuminance measured with the lightmeter mounted on glasses. In contrast,
consistently lower LAN levels (factors 0.5-0.8) were measured with meters pointing left, right or upwards.
The correlation with measurements on glasses was highest with those when the meter was worn as a
pendant (rho=0.8), followed by measurements with meters directed forward (rho=0.7). Lower correlations
were observed with measurements on bike directed upwards, left, right or to the back (rho between 0.30.4).
Conclusions: Our results indicate that position and directionality of the devices clearly affects measurement
results. Future studies planning to perform personal LAN measurements should take this effect into
account.
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Background
Iran is one of the developing countries where the incidence of cancer is increasing. Urinary and genital
cancers (bladder, prostate, ovary, and cervix) are among the ten most common cancers. Previous studies
have shown that ultra violet (UV) radiation has a protective role against certain cancers. The aim of this
study was to investigate the relation between the incidence of urinary tract and urogenital cancers with UV.
Methods
In this ecological study, the correlation between the standardized incidence of bladder, prostate, ovary, and
cervical cancers and UV radiation indices from 2004 to 2008, in different provinces of Iran were calculated.
Then in multivariate linear regression models, altitude, lung cancer (as an indicator of smoking), physical
activity, gender, and human development index were adjusted. SPSS 22 was used for analysis.
Results
There was a reverse correlation between ultraviolet radiation and the incidence of male bladder cancer (r =
-0.45, p-value = 0.02). Also, ultraviolet radiation showed a positive and significant correlation with cervical
cancer (r = 0.37, p-value = 0.03), but did not show a significant relation with ovarian, prostate, or female
bladder cancer. In the multivariate regression results, only cervical cancer showed a direct and significant
correlation with ultraviolet radiation (β = 0.45, p-value = 0.03). In these years, the incidence of lung cancer
had a positive and strong correlation with male bladder cancer (β = 0.62, p-value = 0.02).
Conclusions
Exposure to ultraviolet solar radiation is likely to be related to a reduced incidence of bladder cancer.
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Background/Aim. Night shift work, exposure to artificial light-at-night (ALAN) and the consequent circadian
disruption may increase the risk of breast and prostate cancer. Recent studies have also identified increased
risk of colorectal cancer among night shift workers. We have previously shown that exposure to blue light
spectrum was associated with an increased risk for breast and prostate cancer. We evaluated the
association of exposure to ALAN during sleeping time, focusing on blue light spectrum, with colorectal
cancer among subjects who had never worked at night in a general population case-control study in Spain
(MCC-Spain).
Methods. We examined information on 528 incident histologically confirmed colorectal cancer cases and
960 controls from Barcelona and Madrid, 2007-2013. Outdoor-ALAN, based on images from the
International Space Station (Earth Science and Remote Sensing Unit, NASA Johnson Space Centre
https://eol.jsc.nasa.gov) including data on remotely sensed upward light intensity and blue light spectrum,
was assigned to participants’ geocoded longest residence (average >30 yrs). We calculated the melatonin
suppression index (MSI) for each pixel of the image that estimates the percentage of outdoor blue light
spectrum exposure. We derived odds ratios (ORs) and 95% confidence intervals (CIs) from logistic regression
models adjusting for potential confounders.
Results. Exposure to blue light spectrum was positively associated with colorectal cancer (OR=1.89; 95%CI:
1.4-2.6; highest vs. lowest tertile) adjusting for area, age, sex and education. ORs were similar when further
adjusting for area socioeconomic status, sleep, smoking, diet and cancer family history. ORs were slightly
higher for colon as compared to rectal cancer and were similar when including ever night-shift workers.
Outdoor visual light (full spectrum) was inversely associated with colorectal cancer (OR = 0.58, 95%CI: 0.40.8).
Conclusions. Outdoor blue enriched light spectrum, an increasingly prevalent exposure in recent years, may
be associated with colorectal cancer risk in the general population.
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Introduction and aims: Previous studies on school performance and indoor climate parameters, such as
daylight, usually refer to investigations conducted within single schools or countries or have focused specific
parameters such as dynamic lighting. We analysed the relationship between daylight and performance in a
large sample of schoolchildren from several European countries.
Methods and population: In the frame of the SINPHONIE study (www.sinphonie.eu), 54 primary schools and
148 classrooms from 12 European countries, fora total of 2824 children, participated. To assess the impact
of lighting conditions in classrooms and their effect on schoolchildren’ learning, students performed an
attention/concentration exam that included simple mathematical exercises in addition to a logical ciphering
test. Window area and orientation, window area to floor area, control of window shading and shading,
ceiling height, story number, were taken as light indicators.
Results: A positive relationship between several light-related variables and test performance was observed,
with the highest impact due to the window to floor area ratio on mean exam score (β coefficient of the
linear regression model: 10.673, p<0.0001) that persisted after adjustment for confounders (gender, ethnic
group, education of the mother and number of students in the classroom). All together the light-related
indicators analysed in the study explain 22% of the variation between student scores.
Conclusions: Our data from a European study conducted at the general population level show that light in
classroom influenced European schoolchildren performance. As a simple measure could consist in larger
windows as in our study they had a positive impact on student performance
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Aim: Ionizing radiation is a known contributor to the development of brain and spinal cord (CNS) cancer.
However, little is known about the risk from exposure to radon, a natural source of radiation which the
general population is commonly exposed to through residential and environmental sources. This study
investigates correlations between mean county radon levels and CNS cancer incidence in five highly
populated and radon-enriched states in the US (Minnesota, Wisconsin, Pennsylvania, Iowa, and New
Jersey).
Methods: Mean radon levels per county were accessed through AirChek, which provides online publiclyavailable radon data measured in individual residences and workplaces. County-level CNS cancer incidence
data were accessed through the states’ health department websites and span differing amounts of time due
to the publicly-accessible nature of the data, though all time spans for incidence rates were greater than ten
years. Negative binomial regressions were run to assess correlations between mean radon and CNS cancer
incidence per county. Quantile maps were constructed for each state and Moran’s I was calculated to assess
spatial autocorrelation in residuals; no spatial autocorrelation was evident.
Results: Incidence rates ranges from 6.65-6.97 CNS cases per 100,000 across the 5 states. In Iowa, radon
showed a small positive association with CNS cancer incidence; for example, as radon increased by 1 pCi/L,
there were 0.022 more cases of CNS cancer (p=0.006). No association was detected in any other state and a
negative association was observed in the five states combined, wherein as radon increased by 1 pCi/L, there
were 0.068 fewer cases of CNS cancer (p<0.0001).
Conclusions: This study does not provide evidence that radon is a risk factor for CNS cancer; however the
possibility of an association cannot be ruled out due to limitations of the study, principally its ecologic
nature and the lack of individual-level exposure data.
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Background/Aim
Vitamin D is essential for healthy bone metabolism and for calcium and phosphorus homeostasis. It is
obtained through diet and is also produced in skin by ultraviolet (UV) light exposure. However, contribution
of the dietary intake and the UV exposure to serum vitamin D concentrations has not been sufficiently
evaluated in a quantitative manner. We examined the relationships of serum 25-hydroxyvitamin D
(25(OH)D) levels with the dietary intake and the exposure to UV.
Methods
54 and 58 subjects (20 to 69 years old) in northern (Hokkaido, N43°) and southern (Kumamoto, N33°) part
of Japan, respectively, were asked to wear UV dosimeter badge in their upper arm for consecutive 2 weeks.
Vitamin D intake was also estimated by validated diet history questionnaire. After 2 weeks’ UV
measurement, blood examination including 25(OH)D was carried out. The survey was done in summer (AugSep) and winter (Feb-Mar). We performed linear regression analysis by place, gender and season, where
serum 25(OH)D level was a dependent variable and both vitamin D intake and UV exposure level (duration
(min) and energy (J/cm2)) were independent variables.
Results
The prevalence of vitamin D insufficiency (37 – 44 %) and deficiency (4 – 10%) was high, irrespective of the
place. When the UV exposure time was short (less than 30 min/day), an increase in serum 25(OH)D
concentrations by the prolongation of the exposure time was large. The vitamin D intake was not greatly
different in winter and summer, but it was suggested that the intake strongly influenced serum 25(OH)D
concentrations in winter.
Conclusions
Our findings suggested that both vitamin D intake and UV exposure were associated with serum vitamin D
concentration even in medium-latitude area, and contribution of two factors differed by season.
Recommendation for appropriate vitamin D intake and UV exposure, taking mutual influence into account,
is necessary.
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Background/Aim: Individuals are continuously exposed to DNA-damaging ionizing radiation from terrestrial
sources through inhalation. We examined the association between particle radioactivity and cardiac
arrhythmias.
Methods: Ventricular arrhythmic events were identified among 176 patients with dual-chamber implanted
cardioverter-defibrillators (ICDs) in Boston, Massachusetts between September 2006 and March 2010.
Particle radioactivity (PR) was estimated from a regional average of gross β activity measured approximately
weekly (5-7 days) by the US Environmental Protection Agency’s radiation monitoring network. The
association of sustained and any Ventricular Arrhythmic (VA) onset with weekly averages of PR prior to the
arrhythmias were examined utilizing a time-stratified case-crossover analysis adjusted for same day PM2.5,
temperature and dewpoint.
Results: 1052 ventricular arrhythmias were recorded among 90 patients during follow-up, including 151
sustained VAs among 29 of these patients. We found that higher PR exposure was associated with a higher
odds of ventricular arrhythmias (total and sustained VAs), for exposures in the 7 days prior to an event. An
interquartile range increase in 7-day PR exposure was associated with an 11% higher odds of total VAs (95%
CI interval: 0%, 23%) and a 38% higher odds for sustained VAs (95% CI: 4%, 83%). Total VAs were associated
with PR exposure in the previous 2 weeks (12% increase, 95% CI: 0%, 23%), 3 weeks (15% increase, 95% CI:
3%, 28%) and 4 weeks (16% increase, 95% CI: 4%, 29%). Sustained VAs were associated with PR in the prior
2 weeks (37% increase, 95% CI: 3%, 83%).
Conclusions: PR in the previous weeks was associated with higher odds of VA and sustained VA onset among
patients with known cardiac disease and an indication for ICD implantation. Exposure to terrestrial radiation
may contribute to the risk of ventricular arrhythmias highlighting the under examined importance of
particle radiation and the occurrence of adverse cardiovascular outcomes.
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Background
Metal halide light emits ultraviolet radiation (UVR) and should be used along with the enclosed fixtures.
Exposure to either damaged or unshielded light could cause photokeratitis of the eye and erythema. We
investigated a cluster of blurred vision among the attendees of a public event in August 2018.
Aim
To identify the reasons for the outbreak.
Methods:
We defined case as occurrence of any eye-related symptoms with or without erythema post-event and
actively searched for cases. We described cases by time, place and person. We inspected the event site to
aid hypothesis generation. We conducted a retrospective cohort study of the event attendees to test the
hypothesis of damaged metal halide light as the exposure. We computed relative risk (RR) and 95%
confidence interval (CI) by seating location, continuous exposure to light and hours of exposure.
Results:
Reportedly, 500 attendees attended the event. We interviewed 319 (64%) and 89% (284/319) of them
developed photokeratitis. Of them, 17 developed erythema and nine had corneal erosion. Median-age was
24 (2-80) years. Attack rate was higher among female [92%; (172/189)] than male [85%; (110/130), p=0.03].
Attack rate among those seated within 12 meters from damaged light was higher [95%; (241/253)] than
others [65%; (43/66); RR=1.5; 95% CI=1.2 to 1.7] and attack rate was higher among those continuously
exposed to light [97%, (268/277)] than others [38%; (16/42)]; RR=2.5; 95% CI=1.7 to 3.7]. Longer the
duration of exposure, higher was the odds of developing photokeratitis [1-2 hours=6.5; 2-3 hours=25.4 and
> 3 hours=15.4; χ2 for trend=59.89; p<0.001]. The event organizers used damaged metal halide light
without fixtures for illumination.
Conclusion:
Photokeratitis among attendees of a public event was associated with exposure to UVR from damaged
metal halide light without fixtures. We recommended the usage of metal halide lights along with enclosed
fixtures.
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Background: Exposure to road traffic noise has been associated with hypertension in adults, however there
is only limited evidence in adolescents. We investigated long-term road traffic noise exposure, maternal
occupational noise during pregnancy and other determinants in relation to blood pressure and
prehypertension at 16 years of age.
Methods: Systolic and diastolic blood pressure measurements were conducted in 2597 adolescents from
the Swedish birth cohort BAMSE. Levels of road traffic noise were estimated at residential addresses from
birth to adolescence and for the mother during pregnancy as well as maternal occupational noise exposure
during pregnancy. We also assessed exposure to air pollutants (NOx) from local sources. Linear and logistic
regression models were used to assess associations between road traffic noise or NOx exposure and blood
pressure as well as prehypertension.
Results: The prevalence of prehypertension was higher among males and in individuals with overweight, low
physical activity or with overweight mothers. We did not observe strong or consistent associations between
pre- or postnatal exposure to residential road traffic noise and blood pressure at 16 years of age. However,
inverse associations were suggested for systolic or diastolic blood pressure and prehypertension, which
reached statistical significance among males (OR 0.80 per 10 dB Lden, 95% CI 0.65- 0.99) and those with
maternal occupational noise exposure ≥ 70 dB LAeq8h (OR 0.60, 95% CI 0.41- 0.87). In contrast,
occupational noise exposure during pregnancy tended to increase systolic blood pressure and the risk for
prehypertension in adolescence. No associations were indicated for NOx exposure.
Conclusion: No conclusive associations were observed between pre- or postnatal noise exposure and blood
pressure or prehypertension in adolescents from the Swedish birth cohort BAMSE.
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Background: Household Air Pollution (HAP) from biomass cooking with traditional stoves is a major cause of
morbidity and mortality in low and middle income (LMIC) settings worldwide. Air quality interventions such
as improved cookstoves (ICS) may mitigate HAP-related impacts, however contextual socio-cultural factors
have widely limited adoption in LMIC settings. Policymakers require an understanding of local cooking
practices to inform effective HAP interventions which also meet the end-user needs.
Aim: To report cooking patterns, awareness of HAP health risks and perceptions of air quality interventions
among biomass fuel users in Kigali, Rwanda.
Methods: Semi-structured questionnaire administered to 36 mothers (age 18-55 years) residing in biomass
fuel households. Univariate analyses were used to characterise cooking practices and perceptions of HAP
interventions.
Results: 94% (n=34) of respondents used charcoal as the exclusive cooking fuel, and 81% (n=29) also used
plastic to light the stove. The main cited determinant of fuel choice was cost (92%, n=33). Cooking patterns
varied among the households, with 53% (n=19) cooking one meal each day (range= 1-3 meals). Mothers
were significantly more likely to cook outdoors compared to indoors (64% vs 36%; p<0.05) and 25% (n=9)
had a separate kitchen. Most women (78%, n=28) spent between 1-4 hours near their stove daily (range= 18 hours, median= 3 hours). Only 47% (n=17) of participants were aware of the health risks associated with
biomass smoke exposure. The majority (64%, n=23) were also unaware of ICS but all expressed interest,
with preferences for stove mobility (89%, n=32) and facility for multiple pans (53%).
Conclusion: These findings highlight the need for an educational intervention to raise awareness of the
harms of HAP among women in urban Kigali. Development of public health interventions to reduce HAP
exposure must be sufficiently flexible to suit a range of cooking patterns and preferred features for endusers.
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Environmental tobacco smoke (ETS) or passive smoke, is the side product of smoking cigarettes, cigars,
pipes and other smoldering tobacco products (STP). The negative health outcomes of exposure to ETS are
well-known and include: lung cancer, cardiovascular disease, stroke and asthma. In an attempt to control
the non-smokers' exposure to ETS, governments around the world have restricted or prohibited smoking in
public places, particularly in hospitalities, such as restaurants and pubs. A number of laws were updated
through the years to contain some area outside of public places in the smoking ban, such that smoking is
forbidden within a few meters of a pedestrian access to a building; The Israeli law has not been updated in
this way. This study aims to investigate the spatiotemporal distribution of ETS in an Israeli pub, caused by
smoking activity that is concentrated adjacently to the front door.
The study was hosted in a local pub, at downtown Haifa, Israel. The estimation of ETS concentrations was
done by measuring particle number concentration (PNC) as an indicator, using low cost sensors (Plantower
PMS5003) and small single-board computers (Raspberry-Pi 3). At the indoor area of the pub, 8 sensors were
placed throughout the pub, next to the potential sources and sinks of particles. Another sensor was placed
outside of the pub, next to the front door, where most of the smoking activity was expected to take place.
Preliminary results showed association between smoking activities that occurred outside the pub, and
increased particulate concentrations that were measured in the indoor environment.
The preliminary findings add to the importance of expanding the legislation dealing with smoking in and
nearby public places. Furthermore, it seems that exposure assessments in a complex indoor environment
with high spatiotemporal resolution, can be performed using low-cost PNC micro-sensing units.
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Background / Aim: Personal exposure to pollutants is highly affected by the time spent indoors and
outdoors, etc. As per the United States Environmental Protection Agency, people spend over 90 percent of
their time in indoor environments. In particular, children spend a third of their day at school. Based on
SINPHONIE (Schools Indoor Pollution and Health: Observatory Network In Europe), indoor pollution may
lead to the disturbance of children’s health, growth, opportunities and learning performance, as well as
their cultural and social development. The HELSIE project aims to study the association between Indoor Air
Quality in Lebanese schools and the potential health impact on school children.
Methods: The pilot study was conducted in a grade 6 classroom of a “green area” school. Physical and
chemical pollutants were measured indoor and outdoor, for a period of four school days. Pollutants were
measured through active and passive techniques of measurement. Questionnaires were used to evaluate
the lifestyles and the respiratory health of the students, and the school’s physical infrastructure.
Results: During the pilot study period, the average temperature level inside the classroom was 17.6 C. The
differences between indoor and outdoor temperature levels have reached 36.4%. The Relative Humidity
was 52.41% in the classroom. The results also showed a similar trend among pollutants related to the
students’ activity and classroom schedule. Indoor concentrations of PM10 and PM2.5 were correlated with
ambient outdoor PM levels and students’ activity. The average indoor concentration of CO2 exceeded the
outdoor levels by 54.56%. The concentration of Volatile Organic Compounds inside had reached an
unacceptable average of 3.2mg/m3. The total response rate to questionnaires was 77.41%.
Conclusion: The pilot study provides insight into the assessment of indoor and outdoor air pollution in
Lebanese schools. The findings will help in shaping the general study and estimating the health effects.
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Background/Aim: Exposure to cookstove-generated air pollution is a leading contributor to global disease.
Effects of household air pollution on adult lung function, however, remain uncertain. It is unclear how much
exposure reduction is needed to improve respiratory health. We investigated acute changes in lung function
following exposure to cookstove-generated air pollution using a controlled exposure design.
Methods: Forty-seven healthy adult volunteers were assigned to sequences of six 2-hour exposures: a
filtered-air control and five cookstoves with distinct fine particulate matter (PM2.5) targets: liquefied
petroleum gas (LPG), 10 µg/m3; semi-gasifier, 35 µg/m3; fan rocket, 100 µg/m3; rocket elbow, 250 µg/m3;
open fire, 500 µg/m3. Spirometry was conducted prior to exposure and immediately, 3 hours, and 24 hours
after exposure. Mixed-effect models were used to estimate differences in post-exposure lung function for
the stove exposures compared to the control.
Measurements and Main Results: At the immediate post-exposure measurement, lung function was lower
than the control for the three highest PM2.5 exposures. The largest differences were for the fan rocket
stove (forced vital capacity [FVC]: 60 mL, 95%CI 135, 15; forced expiratory volume [FEV1]: 51 mL, 95%CI
117, 16; mid-expiratory flow [FEF25-75]: 116 mL/s, 95%CI 239, 8). At 3 hours post-exposure, lung function
was lower than the control for all stoves; differences were of similar magnitude for all stoves but largest for
the LPG (FVC: 39 mL, 95%CI 114, 35; FEV1: 68 mL, 95%CI 128, 7; FEF25-75: 122 mL/s, 95%CI 255, 11). At
24 hours post-exposure, results were consistent with a null association for FVC and FEV1; FEF25-75 was
lower than the control for the gasifier, fan rocket, and open fire exposures.
Conclusion: Relative to a filtered-air control, short-term decreases in lung function occur following
controlled exposure to cookstove-generated air pollution even at low PM2.5 levels.
This abstract does not represent EPA policy.
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Background: Healthy air is an essential determinant of a healthy life. People spend the majority of their time
indoors, why the indoor environmental quality (IEQ) must be excellent in all places where people live. The
future require renovation of the existing building mass and construction of new buildings on a large scale,
which most likely will alter the IEQ. Thus mapping the foundation of healthy homes are crucial for the sake
of healthy life.
Method/material: Four social housing estates in Denmark undergoing energy renovation (N=427) were
included in a longitudinal panel study with measures before and after energy renovation. Objective and
subjective measures before energy renovation were obtained during the heating season (February-April)
and/or non-heating season (August-September). Measurements included a survey, Sensors logging classic
IEQ parameters ((Celsius degrees (C°), relative humidity (%) and carbon dioxide (ppm)). Airflow (l/s) and
absolute humidity (%) were modelled, dust was collected on electrostatic dust collectors (EDC) and lung
function was measured by spirometry (PEF, FEV1, FVC). Selected participants were further invited to take
part in an extended qualitative interview with an anthropologist (n=29) to achieve in-depth knowledge. All
measurements were obtained in the tenants’ own home by trained staff.
Results: Adverse respiratory health was assumed to be the most frequent health outcome, but preliminary
results showed trouble sleeping and abnormal tiredness were dominant symptoms of adverse health
effects. Modelling of IEQ showed all apartments had an insufficient airflow (<0.2 l/s) as well as fluctuating
temperatures and tenants’ turned out to be most troubled by the indoor temperature.
Conclusion: These findings encourage that future energy renovation must account for these problems in
order improve tenants’ health, perception and comfort. The follow-up study will reveal how renovation has
affected the IEQ and how this in turn affects the tenants’ health, comfort, perception and daily practice.
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Background/Aim
Employment history represents fundamental information in occupational epidemiology, often serving as the
key for individual assignment of exposure duration and exposure intensity taken from job-exposure
matrices. Overlaps in employment histories may significantly affect individual exposure estimates, and
resolution should be performed in an unbiased, documented and reproducible manner. We performed this
task with statistical software and described resulting changes in the number of jobs and work duration.
Methods
We resolved overlapping periods in a case-cohort dataset from a cohort of offshore petroleum workers. The
cohort was established from questionnaires where the participants reported their work experience on
offshore installations used in drilling or production. Multiple overlapping employments for the same
individual were collapsed to a single employment if they were of the same job category. Overlapping
employments across different job categories were first split at starts and stops of each overlap, resulting in
an expanded dataset, and then reduced to a string of periods with durations weighted according to the
number of overlaps within each relevant time period.
Results
For the case-cohort dataset, the total duration of all employments was reduced by 10 percent. The total
number of employment periods increased by 7 percent, and the average number of employment periods
for a worker increased from 2.2 to 3.
Conclusions
The 10-percent reduction in total duration of employment for all workers illustrates the potential for
misclassification of exposure (overestimation). In turn, misclassified exposure may bias effect estimates of
disease, which underlines the importance of an unbiased approach for resolution of overlapping
employment periods in occupational epidemiology.
A full paper based on the present data is under consideration for publication in Am J Ind Med.
Funding
Intramural research program of the DCEG at NCI, U.S. National Institutes of Health (MCF)
Research Council of Norway, grant no. 280537 (JSS, RB)
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Background:
Epidemiological studies of fine particulate matter(PM2.5) typically use ambient measurements as exposure
proxies among local people near coal-fired power plants. There might be an error in defining the
measurement as personal exposure due to far distance between ambient measurement point and indoor
environment among local residents. We aimed to measure the indoor PM2.5 exposure level and to evaluate
how it relates to the outdoor air quality of residents near coal-fired power plants.
Methods:
We measured PM2.5 data at home among 6 residents near coal-fired power plants in 3 different regions,
Korea. Each participant underwent 24-hour sampling for 28 days(June 8 to July 5 in 2018). We collected the
data on nearest national ambient measurement station, weather data, and total suspended particles(TSP)
data from real-time telemonitoring system(TMS) of chimney at coal-fired power plants during the same
period.
Results:
Median(Min-Max) of indoor PM2.5 concentration(㎍/m³) were 12.6(2.3-38.2) in region A, 13.4(3.1-32.8),
14.3(3.1-41.2) in region B, 11.9(2.8-78.3), 16.6(3.2-83.6), 9.8(2.5-33.4) in region C .And 18.0(1.0-64.0),
15.0(1.0-63.0), 18.0(1.0-59.0) in outdoor region A, region B, region C, respectively, The correlation
coefficient(p-value) of indoor and outdoor PM2.5 concentration were 0.537(<0.001) in region A;
0.571(<0.001), 0.724(<0.001)in region B; 0.435(<0.001), 0.656(<0.001), 0.685(<0.001)in region C. Those of
indoor PM2.5 concentration and tsp concentration were 0.024(0.212) in region A; 0.021(0.001),
0.053(0.402) in region B; 0.366(0.002), 0.533(0.095), 0.408(0.047)in region C.
Conclusion:
The correlation between PM2.5 concentration of indoor and outdoor showed moderate, but low with tsp
from TMS. Further study is needed to consider other indicators related to indoor air pollutants
concentration using indoor exposure meter reflect real life environment.
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The “auto-mode” feature of the recent models of air cleaner, which uses a built-in particulate matter (PM)
sensor to control the operation of the air cleaner has become a novel way chosen by people to lower the
indoor air pollution level, since it does not depend on users turning on the air cleaner when they perceive
the air is polluted. We are unaware of any evaluations of the effectiveness of auto-mode air cleaners on
reduced fine particulate matter (PM2.5) exposures and improved health effects. This randomized, 3-way
crossover intervention study aims to assess the effectiveness of high-efficiency particulate arresting (HEPA)
filtration air cleaners under different operating scenario on reducing indoor PM2.5 level and improving
cardiovascular health, which defined as blood pressure improvements among non-smoking, healthy adult
participants in an urban United States location. Six subjects in Seattle, Washington were enrolled and were
exposed to the following three 1-week scenarios separated by 2-week washout periods: unfiltered air (sham
filtration), auto-mode filtration and continuous filtration using HEPA filtration systems in the living room of
their residences. Indoor PM2.5 level was measured in each subject’s residence by a pre-calibrated, low-cost
real-time PM sensor and coupled with a time-activity diary to estimate the PM2.5 exposure of each subject.
Daily self-measured blood pressure was taken by each subject over each 1-week air filtration scenario.
Linear mixed-effects models will be constructed to assess whether auto-mode filtration and continuous
filtration will result in cardiovascular outcome statistically better than the sham filtration. This submission
will present the results of the analysis of linear mixed-effects models, discuss the method of exposure
assessment and the exposure metric utilized in the analysis.
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Phthalate esters (PEs) are added as plasticizers in plastic products, and are semi-volatile organic compounds
(SVOCs). These SVOCs are used in our living environment from building materials to toys, children's goods,
and are adsorbed to house dust. The PEs in the dust are exposed to children and infants by hand-to-mouth
behavior. In this study, 58 house dusts in Japan were collected and sieved two particle sizes (less than 100
μm and 100 – 250 μm). Dust was sorted by three sieves of 100, 250, 500 μm using an electromagnetic
vibration sieve separator. In this research, based on previous research, the particle size of dust adhering to
the hand needs to be investigated at least as low as less than 100 μm. The contribution rate is small for
particle size of 100-250 μm, but could not ignored in risk assessment. Ultrasonic extraction was carried out
with acetonitrile for each of the obtained two groups of dust (<100 μm, 100-250 μm). 9 PEs (DEP, DMP, BBP,
DEHP, DINP, DBP, DNOP, DIDP, DIBP) in these dusts extracts were determined by liquid chromatographytandem mass spectrometry (LC/MS/MS). DBP, DEHP, DINP were detected in all houses. On the other hand,
the detection rate of DNOP was low, 23.1% (<100 μm) and 58.6% (100-250 μm). In the target houses of this
study, household goods and floor coverings using DNOP were low. The highest content of phthalate was
DEHP, and the median (μg / g) was 1440 (<100 μm) and 1920 (100-250 μm). A significant difference was
confirmed between DEHP and DINP in the comparison of the amount of phthalate in dust of 100 μm or less
and 100 to 250 μm, and the concentration of phthalate esters in 100 to 250 μm was higher than 100 μm.
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Background/Aim:
Obesity is common among elderlies and is closely related to frailty and disability risk. Previous studies
revealed that air pollutants such as ambient particles exposure increased the C-reactive protein levels which
linked to chronic inflammation of obesity. Incense burning at home is traditional Chinese culture, it is
considered as air pollutant as it emits ambient particles and other compounds. These pollutants are
associated with children obesity risk, but relevant elderly studies are limited. Hence, this study aims to
explore whether incense smoke exposure increases body fat percentage (fat%) and waist and hip ratio
(WHR) and waist circumstance (WC) among Hong Kong Chinese elderly.
Methods:
This is a baseline survey of a population-based prospective study among elderlies aged > 65 years.
Standardized questionnaire was used to collect participant’s indoor incense burning information and other
variables. Weight and fat% were assessed by portable bioelectric impedance. Height, waist and hip
circumstances were measured in light cloth. Multiple linear regression was used to calculate the association
between incense smoke exposure and obesity indicators.
Results:
Among 208 participants, 98 (47.1%) had habitual residential incense smoke exposure, and this exposure was
positively associated with fat% (β=3.21; p=0.01), WHR (β=0.03; p=0.01) and WC (β=2.17; p=0.13). However,
they were insignificant after adjusting age, sex, body mass index, educational attainment, physical activities
levels and living area in Hong Kong. Compared to those with incense smoke exposure <30 years, elderlies
who had longer exposure were significantly associated with higher fat% (adjusted β=2.30; p=0.01, R2=0.68),
WHR (adjusted β=0.02; p=0.04, R2=0.19) and WC (adjusted β=3.20; p=0.01, R2=0.49), with p for trend test
of <0.04.
Conclusions:
Our study suggested a positive relationship between incense smoke exposure and obesity. Promotion of
alternative incense with fewer pollutants was encouraged if associations are confirmed in ongoing study.
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Background Xuanwei is a city with significantly high lung cancer mortality. Indoor air pollution was a
historical risk factor, while tobacco should not be neglected as well there. We aimed to investigate current
impacts of indoor air pollution, smoking and SHS exposure on lung cancer risk in Xuanwei, by a conventional
process and a novel one, respectively, so that we could also study the methodology for the evaluation of
two competitive risk factors.
Methods We followed a case control study design. In conventional analysis process, we built unconditional
logistic regression models with both indoor air pollution and smoking or SHS exposure, and estimated their
odd ratios (OR) and 95% confidence intervals (CI) at the same time. In novel analysis process, we firstly
estimated the OR (95%CI) of indoor air pollution or smoking or SHS exposure separately, and then
calculated the alteration smoking or SHS exposure caused on the effect size of indoor air pollution.
Results The ORs estimated for medium or high indoor air pollution level ranged from 2.24 to 4.69 or 6.04 to
9.54, respectively. These values kept the same no matter whether smoking or SHS exposure were included
in the models at the same time. Only by using the novel process, we could find out that the effect size of
indoor air pollution would decrease 12%-19%, when facing the competition from tobacco.
Conclusions Nowadays, there is still a strong association between lung cancer risk and air pollution in
Xuanwei, at the same time the effect of smoking or SHS is gradually highlighted. The issue of indoor air
pollution needs to be further solved, while smoking cessation promotion and SHS exposure prevention is
also in need. The novel way of analysis should be worth spreading, when there are two kinds of risk factors
may be confused with each other.
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Background: Household air pollution from solid fuel burning is a contributor to delay early child
development (ECD). A global effort to decrease solid fuel use (SFU) by promoting cleaner burning stoves,
cleaner fuels, and/or providing chimneys or other ventilation changes, has been introduced since 2010. This
program, called the ‘Clean Cooking Alliance’ (CCA), has targeted 100 countries, eight of which have received
a more in-depth treatment. Thus, countries are not randomly exposed to global efforts to tackle SFU, and
thus SFU variation may be dependent on their relative position to this program, and in turn affecting
differently ECD.
Objective: To investigate the effect of SFU on ECD and explore the possible influence of CCA’s global efforts
on SFU and ECD.
Methods: A cross-sectional analysis of 30 countries with data on their relative position to CCA efforts--used
as a proxy for CCA’s differentiated efforts--linked to socio-demographics and early development of 76576 34 years children from the Multiple Indicator Cluster Surveys. A standardized global ECD index (ECDI) was
calculated. Two-stage least squares regression models were conducted, using countries’ relative position to
CCA’s efforts as an instrumental variable, to study the effect of SFU on ECDI.
Results: After adjustment for covariates, absence of SFU was associated with an increase of 0.16 in ECDI
(95% confidence interval, CI: 0.10-0.20). Countries relative position to CCA’s efforts was an independent
predictor of SFU (beta: 0.54, CI:0.25-0.84), F value= 14.52. When the relative position to CCA’s efforts was
used as an instrumental variable, the association between SFU and ECDI weakened but remained significant
(beta: 0.15, CI:0.07-0.24).
Conclusion: The use of solid fuels in the household is an independent predictor of a child’s early
development. Global efforts of the Clean Cooking Alliance appear to be improving early childhood
development by facilitating better cleaning cooking practices.
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Background/Aim
Most of housewives spend a lot of time at home and do housework such as cleaning and cooking, therefore
studies on the relationship between indoor particulate matters(PM) and risk factors of cardiovascular
disease(CVD) are needed. Hs-CRP is an indicator of acute and chronic inflammatory conditions, and the
higher the level of hs-CRP, the higher the level of inflammation. Therefore, we aimed to investigate the
association between indoor PM exposure and hs-CRP of Housewives.
Methods
We recruited a total of 239 housewives (from January to December 2018) in Seoul and Ulsan, Republic of
Korea. Indoor PM concentration was measured by gravimetric method and sensor. We also measured the
indoor environmental factors (daily mean indoor temperature, humidity, atmospheric pressure). At the last
day of measuring the PM concentration, participants completed health questionnaires and time activity
records. Thereafter, participants visited hospital to screen risk factors of CVD such as hs-CRP, blood
pressure, height, weight, waist circumference, body mass index(BMI), total cholesterol, low density lipid
(LDL) cholesterol and high density lipid (HDL) cholesterol. We analyzed the association between indoor PM
and hs-CRP by multiple linear regression.
Results
The 1μg/m3 increase in concentration of indoor PM2.5 and PM10 measured by sensor was associated with
3.05% (95% CI=0.45, 5.70) and 2.74% (95% CI=0.55, 4.98) changes in hs-CRP, respectively. The 1μg/m3
increase in concentration of indoor PM2.5 and PM10 measured by gravimetric method was not statistically
associated with in hs-CRP (1.92% for PM2.5, CI=-0.26, 4.14; 1.51% PM10. CI=-1.04, 4.13).
Conclusion
Our preliminary results demonstrate that changes in indoor PM level were associated with acute
inflammatory marker. We found that the hs-CRP of housewives increased with increasing indoor PM
measured by the sensor. We will continue to recruit 300 housewives by September 2019 to evaluate the
association between indoor particulate matter and CVD risk factors.
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Background/Aim: Phthalates are chemicals used as plasticizers and solvents in consumer products and PVC
plastics. Several of them cause disruption of the endocrine system and their use is therefore restricted
within the EU. We have earlier shown that prenatal levels of metabolites of Benzylbutyl phthalate (BzBP)
and Bis(2-ethylhexyl) phthalate (DEHP) in maternal urine was associated with infant croup, an inflammatory
response in the upper airways of young children. The aim of this study was to investigate associations
between infant croup and the postnatal phthalate levels in indoor dust from the homes of the infants.
Methods: This study was conducted in the Swedish Environmental Longitudinal, Mother and child, Asthma
and allergy (SELMA) study, a pregnancy cohort following around 2,000 mother-child pairs. Settled
household dust was collected indoors above floor level. Levels of seven phthalates and one phthalate
replacement were analysed in 501 dust samples using gas chromatography tandem mass spectrometry (GCMS/MS). Logistic regression models, adjusted for potential confounders, were used to evaluate associations
between dust phthalate levels and parental reports of croup at the age of 12 months. Data for phthalate
levels, croup and co-factors was available for 482 children (52.1% girls) of which 47 (9.8%) had reported
croup (6.4% of girls and 13.4% of boys).
Results: Out of the eight chemicals included in the analysis, we found associations between house dust
levels of diethyl phthalate (DEP), BzBP and DEHP and croup when adjusted for sex, family history of
asthma/allergy and mother’s age, education and smoking (adjusted OR 1.71 (95% CI 1.07-2.73) 1.48 (0.872.50) and 2.09 (1.02-4.30) respectively). These associations were stronger in boys (DEP 1.83 (1.02-3.30),
BzBP 1.96 (1.02-3.77) and DEHP 2.65 (1.02-6.69)).
Conclusions: The analyses suggest that levels of DEP, BzBP and DEHP in postnatal dust are associated with
croup in infants, with indications of stronger associations in boys.
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Air pollution is a growing concern among the general public. Air quality is not only an issue outdoors. The
local outdoor air quality also affects the air quality indoors, where we spend about 90% of our time. In
buildings close to busy roads indoor particle concentrations can reach high levels, which is a risk for the
health of the occupants. Poor air quality mainly affects young children, since their lungs are still developing.
Moreover, the health of vulnerable elderly is affected. In order to improve their living environment
understanding of the exposure risk in kindergartens, schools and nursing homes near busy roads is required.
We developed a methodology to estimate the risk of exposure to traffic related pollution in buildings. Based
on literature survey and practical experience we defined risk factors for exposure to traffic related pollution
indoors. These risk factors can be grouped in the following six themes:
a)
situation and outdoor sources, e.g. traffic intensity, congestion, urban canyon, urban canopy, other
sources.
b)
exposure paths - outdoor spaces, e.g. distance from the road, type of use.
c)
exposure paths - building envelope, e.g. air tightness.
d)
exposure paths - ventilation, e.g. filter quality, location of the outdoor air inlet.
e)
maintenance, e.g. frequency of filter changes.
f)
use, e.g. use of the ventilation system, airing, awareness of the outdoor air quality.
The risk factor approach has been used to investigate the risk of exposure to traffic related pollution in 61
kindergartens, schools and nursing homes in the region of The Hague that are situated at a location with a
high intensity traffic. The results were used to give protective measures, including simple improvements
focussed on user behaviour or maintenance, as well as more complex technical interventions.
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Background: There is increasing awareness that the quality of the indoor environment affects our health
and wellbeing. Indoor air quality in particular has an impact on multiple health outcomes, including
respiratory and cardiovascular illness, allergic symptoms, cancers, and premature mortality.
Methods: We carried out a global systematic literature review on indoor air quality, related household
characteristics, occupancy patterns, and health effects. Indoor exposure levels and determinants,
indoor/outdoor ratios, and emission sources were extracted from 144 studies (from 31 countries). The most
studied pollutants were particulate matter (PM2.5), nitrogen dioxide (NO2), Volatile Organic Compounds
(VOC), and Polycyclic Aromatic Hydrocarbons (PAH).
Results: Indoor PM2.5 sources include smoking, cooking, heating, use of incense/candles, cleaning,
housework, and movement of people. Outdoor air is a major PM2.5 source in rooms with natural ventilation
in roadside households. Eliminating indoor smoking and switching from coal to gas or electricity for cooking
substantially reduces indoor PM2.5. Major sources of NO2 indoors are unvented gas heaters and cookers.
Predictors of indoor NO2 are ventilation, season, and outdoor NO2 levels. VOC are emitted from a wide
range of indoor and outdoor sources, including smoking, solvent use, renovations, and household products.
Formaldehyde levels are higher in newer houses and in the presence of new furniture, while PAH levels are
higher in smoking households.
Conclusions: Household characteristics and occupant activities play a large role in indoor exposure,
particularly cigarette smoking for PM2.5, gas appliances for NO2, and household products for VOC. Home
location near high traffic density roads, redecoration, and small house size, contribute to high indoor air
pollution. Formaldehyde is typically higher indoors than outdoors, with indoor levels correlated positively
with temperature and negatively with age of building. In most studies, air exchange rates are negatively
associated with indoor air pollution. These findings can improve residential indoor air quality interventions.
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Background/Aim: Efforts to promote clean-burning fuels such as liquefied petroleum gas (LPG) are often
based on the idea that near-exclusive use could lead to air quality and health improvements. However,
recognizing other potential benefits of LPG alongside health and environmental impacts could increase
prioritization and investment in clean cooking interventions. This study investigated the effect of LPG
adoption on time use and explored economic and quality of life implications.
Methods: The research was based within the randomized controlled “Cardiopulmonary outcomes and
Household Air Pollution” trial in Puno, Peru. Surveys conducted with 90 intervention participants receiving
free LPG and 90 control participants cooking primarily with biomass explored time spent collecting biomass
fuel, time spent cooking, number of meals cooked daily, perceptions of LPG cooking speed, and use of LPG
time savings. Cooking time was also monitored with temperature sensors on all stoves. Qualitative
interviews further explored perceptions and use of time savings.
Results: Intervention participants using LPG nearly exclusively (>98% of all cooking minutes) spent 3.3 fewer
hours cooking and 2.3 fewer hours collecting fuel per week compared to controls, while also cooking 1.2
more meals per day. 100% of participants reported that LPG cooks faster than biomass, and 100% used this
time savings to work with livestock or in their fields; many also completed household chores and leisure
activities. With LPG, other family members were more likely to cook and women could leave the kitchen
while cooking, suggesting potential indirect benefits of LPG on exposure of primary cooks.
Conclusions: In addition to environmental benefits, clean fuel interventions could also lead to economic and
quality of life gains, through increased time for work, rest, and consumption of hot meals, and reduced
arduous biomass fuel collection. Exploring time use could also facilitate the interpretation and
contextualization of exposure data.
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Background/Aim: We aimed to investigate the associations between use of air purifiers and
inflammatory/allergic markers of nurses through quasi-experimental study.
Methods : From February 21, 2018 to June 28, 2018, we installed 25 air purifiers in one ward of a hospital in
Seoul, and the air purifier’s filter turned on and off every four weeks. During each period, blood
inflammatory markers, respiratory inflammatory marker and blood allergic markers were repeatedly
measured in 30 nurses working in the ward. For the statistical analysis, Linear Mixed Model was used. For
the adjustment, we used age, body mass index (BMI), waist circumference, upper respiratory infection
history, nonsteroidal anti-inflammatory drugs (NSAIDs) use, and outdoor PM2.5 average concentration in
the last 7 days.
Results : The average PM2.5 concentrations in period 1(off), period 2(on), period 3(off) and period 4(on with
booster) were 15.30 μg/m3, 10.69 μg/m3, 19.03 μg/m3, and 9.70 μg/m3, respectively. The average PM10
concentrations in period 1, period 2, period 3 and period 4 were 18.40 μg/m3, 12.83 μg/m3, 22.81 μg/m3,
and 11.36 μg/m3, respectively. When the air purifier’s filters were turned on (period 2 and period 4), the
average of particulate matter (PM) concentration was decreased. When the booster function was used
(Period 4), the average of PM concentration was lower than that was not used (Period 2). When we
compared period 1 as a reference value to period 4, total IgE (% change: -38.62), D.p. specific IgE (% change:
-63.02), D. f. specific IgE (% Change: -16.76) and TNF-α (% change: -19.72) were significantly decreased.
Conclusions : Despite the hospital's air-conditioning facilities, the installation of additional air purifiers has
reduced indoor PM concentration, inflammatory/allergic markers. In particular, the effect is significantly
represented by the booster function of the air purifier.
This study was supported by the LG.
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Background
Housewives do a lot of house chores such as cleaning and laundry, so they are directly affected by indoor
particulate matter (PM) exposure. Indoor PM exposure is a potential factor that increases systemic
inflammation and affects erythropoiesis. This study aimed to investigate the association between indoor PM
and indicators of anemia (hemoglobin, MCV, MCH, MCHC) in housewives.
Methods
We recruited a total of 239 housewives (from January to December 2018) in Seoul and Ulsan, Republic of
Korea. Among them, we analyzed the data of 145 housewives coded with blood test findings and
questionnaires. Indoor exposure level of PM2.5 and PM10 of each housewife was measured by gravimetric
method. We also investigated the indicator of anemia such as hemoglobin, MCV, MCH, and MCHC.
Statistical analysis was performed by multiple linear regression model and adjusted for age, BMI, income,
drinking status, and exercise.
Results
The increase in the level of indoor PM2.5 was associated with a decrease in MCV (B: -0.059, 95% CI: -0.099, 0.019, P = 0.004) and MCH (B: -0.02, 95% CI: -0.035, -0.005, P=0.011). The increase in level of indoor PM10
was associated with a decrease in hemoglobin (B: -0.008, 95% CI: -0.016, -0.001, P = 0.026) and MCHC (B: 0.006, 95% CI: -0.011,0.00, P = 0.044).
Conclusion
The indoor PM exposure level was significantly related to decreased levels of hemoglobin, MCV, MCH, and
MCHC in housewives. These associations suggest that exposure to indoor PM is a risk factor of anemia in
housewives. Therefore indoor PM exposure should be managed to prevent anemia in the housewives.
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Background: Trihalomethanes (THMs) have demonstrated adverse effects on male reproductive system in
animals, but human evidence has been limited and divergent. Most studies to date used small sample size
and were limited by inadequate individual exposure estimation.
Objectives: To investigate the association of blood THMs with repeated measurements of semen quality
parameters among 1199 healthy men screened as potential sperm donors.
Methods: From April to December 2017, healthy men who came to the Hubei Province Human Sperm Bank
for donation screening were recruited. Those who met the donation criteria were required to provide 8-15
additional semen samples at different time points over an approximately 3-month period; those who did
not meet the criteria were asked to provide 2-4 samples for further screening. Each man had a blood
sample drawn, which was analyzed for 4 THMs [chloroform (TCM), bromodichloromethane (BDCM),
dibromochloromethane (DBCM) and bromoform (TBM)]. We used linear regressions to assess the crosssectional associations of categorical concentrations of blood THMs with semen quality parameters tested at
enrollment, and mixed-effect models to estimate differences in repeated measures of semen quality in
relation to blood THMs, accounting for various confounders.
Results: In the cross-sectional analysis, suggestively or significantly inverse dose-relationships were found
between blood TCM concentrations and sperm count, total motility and progressive motility, and between
blood DBCM, Br-THMs (sum of BDCM, DBCM and TBM) and total THMs (TTHMs; sum of TCM and Br-THMs)
and sperm count and concentration (all p for trend < 0.10). In the repeated analysis, the inverse association
of blood TCM, DBCM, Br-THMs and TTHMs with sperm count were further confirmed.
Conclusion: Our results suggest that exposure to THMs from drinking water may contribute to decreased
semen quality in humans.
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Background/Aim
Wastewater contains numerous chemicals which reflect the health and lifestyle of individuals in a
population. This is the basis of wastewater-based epidemiology (WBE), which traditionally measures drug
and pharmaceutical consumption. However, the extent to which the consumption of chemicals is influenced
by social or economic factors is not clear. We address this knowledge gap by exploring relationships
between WBE biomarkers to population age and socioeconomics.
Methods
Wastewater was from 21 Australian wastewater treatment plants (WTPs) collected during the time of the
2016 national census. 50 chemical substances including licit and illcit drugs, pharmaceuticals, vitamin
consumption markers were measured in these wastewater samples. Catchment age and socioeconomic
index at the time of sampling was calculated for each WTP using national census results. Data were analysed
by correlation and partial least squares analyses.
Results
Socioeconomically advantaged populations generally exhibited lower loads of opioids and higher loads of
caffeine. Catchments with older median age typically had lower vitamin, citrus and fibre consumption, and
these biomarkers predicted for higher socioeconomic index in our modelling stdudies. We further discuss
the limitations of models for inferring population age and socioeconomics using biomarkers in wastewater.
Conclusion
Our study shows the extent to which different biomarkers in wastewater are influenced by population age
and socioeconomics. This is also the first wastewater study using biomarkers of food and diet.
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The global burden of disease (GBD) for food-borne diseases (FBD) for 31 selected hazards was estimated by
the World Health Organization (WHO) at 33 million disability-adjusted life years (DALYs) in 2010. The highest
burden per population of FBDs was observed in Low and Middle Income Countries (LMICs). In Africa, 91
million illness episodes and 137,000 deaths every year were attributable to FBDs. Diarrheal diseases were
responsible for 70% of the burden of these FBDs, and the burden was estimated at 842,00 deaths per year.
In 2012, 12.6 million deaths globally, representing 23% of all deaths, were attributable to the environment.
Unsafe water used for drinking or cleaning and processing of food was one of the main drivers.
The recent IPCC 1.5°C special report states that global warming is likely to reach 1.5 °C between 2030 and
2052 if it continues to increase at the current rate (high confidence) and that the climate-related risks to
health are projected to increase with global warming of 1.5 °C and to increase further at 2 °C. The WHO
estimates that, under climate change, an additional 48,000 deaths will occur in children aged below 15
years, mainly due to diarrhoeal diseases by 2030 and 33,000 deaths by 2050. Theses impacts are projected
to be higher in LMICs.
There are challenges for health sector to face morbidity and mortality of food-borne and water-borne
diseases under climate change. There is a huge adaptation gap to be filled in. Systemic responses on the
part of the health sector will be needed to bridge the adaptation gap in LMICs, e.g.: need of further
environmental epidemiology research on more vulnerable regions, efforts on human factors and on the
Sustainable Developments Goals (SDGs); a combination of proper adaptation measures and actions, good
communications and education programs, for strengthening the sector resilience.
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Background/Aim: Mercury pollution in the interior of Suriname due to Artisanal and Small-scale Gold Mining
has led to elevated mercury levels in predatory freshwater fish species. While fish consumption is a major
source of nutrients necessary for proper neurodevelopment, maternal consumption of mercurycontaminated fish presents a significant public health concern. This study determined nutritional fatty acid
profiles in select species of freshwater and marine fish in Suriname.
Methods: Five freshwater species and three marine species of fish (n=5/species) were selected for fatty acid
analysis in muscle using gas chromatography. These fish species were reported to be among the most
preferred and heavily consumed by women enrolled in the Caribbean Consortium for Research in
Environmental and Occupational Health (CCREOH) Surinamese birth cohort. An omega-3 polyunsaturated
fatty acid (PUFA-3) index was used to compare fatty acid content of fish (PUFA-3 = EPA+DHA). SPSS version
23 was used to conduct Mann-Whitney U and the Kruskal-Wallis H tests to test for differences across
habitat (marine vs. freshwater species) or species.
Results: There was significantly higher PUFA-3 content in marine fish compared to freshwater fish species (U
= 106.5, p<0.001), that varied across the selected fish species (Kruskal-Wallis test=28.41, p=0.0002).
Arachidonic acid was significantly lower in marine fish compared to freshwater species (U=11.0, p<0.001),
and varied across specific fish species (Kruskal-Wallis test= 27.7, p<0.001).
Conclusions: Omega-3 fatty acids considered important for pediatric and adult health were lower in
freshwater fish than marine species. Frequent consumption of Hoplias aimara, a freshwater fish with high
mercury and low PUFA-3 content is likely to be risky. Frequent consumption of Plagioscion squamosissimus,
a freshwater fish with high mercury and high PUFA-3, may have nutritional benefits that outweigh mercuryneurotoxicity. While freshwater species are a good source of these nutrients, corresponding mercury
content must be assessed and considered as well.
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Background: Drinking water is a major source of exposure to fluoride in older children and adults, but its
contribution in young children is unknown. Young children are more likely to use and swallow excess
amounts of toothpaste.
Objective: To test whether child urinary fluoride (CUF) levels are associated with fluoride levels in tap water
and maternal urinary fluoride (MUF) levels measured during pregnancy. We also examined how CUF
concentrations vary by sex and age.
Methods: CUF concentrations were analyzed in spot samples collected from 626 children aged 2-6-years in
the Maternal-Infant Research on Environmental Chemicals cohort, adjusted for specific gravity. Children
lived in six Canadian cities – half of which add fluoride to municipal water. Regression analyses estimated
associations between CUF and water fluoride concentrations measured regularly by water treatment plants,
averaged over the past 6 months prior to the spot sample. Spearman correlations examined associations
between CUF, MUF, and age.
Results: Children (50.5% male, 49.6% living with fluoridation) had a mean age of 3.66 (±0.88) years
(range=1.95-6.25). Children living in fluoridated regions had significantly higher CUF levels (0.79±0.71) than
those living in non-fluoridated regions (0.55±0.60), p<.001). After adjustment for age and sex, CUF levels
were not associated with water fluoride levels in 2-3-year olds (B=0.24, 95% CI: -0.06, 0.53, p=.11) but were
in 4-6-year olds (B=0.58, 95% CI: 0.12, 1.04, p=.01). CUF levels were significantly higher for 2-3-year-old boys
(0.71 ± 0.66) than girls (0.54 ± 0.65; p=.008) but differences by sex were not significant in the 4-6-year olds.
CUF levels were positively correlated with age (r=.17, p<.001) and MUF (averaged across pregnancy) (r=.16,
p=.001).
Conclusion: Community water fluoridation is a source of fluoride exposure for 4-6-year-old children living in
Canada but not for 2-3-year olds. It is unclear why younger boys have higher CUF values than girls.
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Background/Aim: In the present study, levels of perfluoroalkyl acids (PFAAs) were investigated in serum
from children with the specific aim to evaluate the contribution from early-life exposure and from PFAAcontaminated drinking water. The cohort were from Uppsala County, Sweden, where the drinking water has
been historically contaminated with perfluorobutanesulfonate (PFBS), perfluorohexanesulfonate (PFHxS),
perfluorooctanesulfonate (PFOS), perfluoroheptanoate (PFHpA), and perfluorooctanoate (PFOA).
Method: Serum samples were collected from children at 4, 8, and 12 years of age (2008-2014, n=57, n=55,
and n=119, respectively). All children and their mothers are participants in the POPUP study (Persistent
Organic Pollutants in Uppsala Primiparas), an on-going investigation of POPs in first-time mothers and their
children in Uppsala. Multiple linear regression models were used to analyze associations between PFAA
levles in child serum and maternal PFAA level at delivery, duration of breastfeeding during infancy, and
childhood drinking water exposure, with age at sampling, sampling year, weight, and sex as covariates.
Results: PFOS showed the highest median levles in serum (3.8-5.3 ng g-1) followed by PFHxS (1.6-5.0 ng g-1),
PFOA (2.0-2.5 ng g-1), and perfluorononanoate (PFNA) (0.59-0.69 ng g-1). Levles of PFOA, PFHxS, and PFOS
in children’s serum increased 10%, 10%, and 1.4% (adjusted mean), respectively, per unit (ng g-1) of
increase in maternal serum level (at delivery). PFHxS and PFOS significantly increased 3.9% and 3.8%,
respectively, per month of nursing, with the highest increase for 4-year-olds. PFOA, PFBS, PFHxS, and PFOS
increased 1.2%, 207%, 7.4%, and 0.93%, respectively, per month of cumulative drinking water exposure.
Conclusion: Early life-time exposure to PFOA, PFHxS, and PFOS is an important determinant of child serum
levels, with the strongest influence on the younger children. Drinking water with low to moderate PFBS,
PFHxS, PFOS, and PFOA contamination is an important source of exposure for children with background
exposure from other sources.
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Background
Earlier studies have reported that H River in China was polluted by industrial production and the high
mortality and morbidity of gastrointestinal cancer in 2004-2006 were related to the water pollution 15 years
before. Since 2008, a series of cancer control and prevention activities have been implemented. This
analysis aimed to evaluate current water quality and cancer/ gastrointestinal cancer levels, as well as their
change comparing with that before 2008.
Methods
It is mainly a re-analysis of the new water quality monitoring, population vital registration and survey data.
Indicators used included 1) the frequency of pollution of each water quality monitoring section, 2009-2013
comparing with 1997-2009; 2) the standardized mortalities of cancer/ gastrointestinal cancer in 14
surveillance towns, 2012-2014 comparing with the national rural average level during the same period, and
comparing with that during 2004-2006.
Results
In 1997-2009, the areas with water pollution frequency >60% was estimated to be 76 thousand square
kilometers. In 2009-2013 it decreased to 36 thousand, only the plains in the center of H River basin were
still severely polluted. In 2012-2014, the mortality levels of total cancer and liver cancer in most towns (11
and 9) were higher than the national rural average level (103.9 and 19.3 /100000); these towns were mainly
located in the central plain and surrounding areas. The mortality levels of esophageal, stomach, or colon,
rectal and anal cancers in several towns (6, 5 and 5) were higher than the national rural average level (9.4,
15.1 and 5.4 /100000), and their distribution could be scattered. Comparing with that in 2004-2006, the
mortality levels of all cancers were mainly decreased (range: 1-66%) except for colon, rectal and anal
cancers.
Conclusion
The water quality in H River basin has been improved and mortality levels of the relevant cancer/
gastrointestinal cancer were decreased.
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Background/Aim:
Chronic Kidney Disease of unknown origin (CKDu) has affected many patients in Sri Lanka over the last 20
years but as yet no firm risk factors have been associated with it, making public health interventions
difficult. Currently two hypotheses exist for this disease: heat stress and exposure to water borne
environmental toxins and/or infectious agents.
Methods:
Data was gathered from the Sri Lankan Census 2012 and mapped via GIS at the Grama Niladhari (village)
level. Counts of cases of CKDu collected secondary health centres over the period 2008-11 were applied to
each Grama Niladhari and prevalence calculated by dividing case number by population derived from
Census. Spatial conditional autoregressive models were applied.
Results:
The consumption of well water as a drinking source and individuals with secondary or lower levels of
educational attainments were comparatively higher in Grama Niladharis with high CKDu prevalence. The
spatial autoregression reported that a point percent increase in pipe-borne water reduces the prevalence of
CKDu by 0.003 (95% CI 0.004, 0.0002) percent point in a Grama Niladhari. Estimations were made of
influence on the result from surrounding areas by calculating spillover effects.
Conclusions:
Access to piped water reduced the risk of CKDu. Low influence of adjacent areas via spillover effects
suggests localised risk factors. Further research is required to establish if this is a real effect or confounded
by rurality/socioeconomic status.
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Background
A serious concern for public health is the increasing tolerance of bacterial pathogens including E. coli to
chlorine at the recommended dose of 0.5 mg/l. This study assessed chlorine tolerance of E. coli recovered
from wastewater effleunts in the Eastern Cape Province, South Africa.
Methods
Secondary effluent samples were collected from the clarifier of two wastewater treatment plants and E. coli
was isolated following standard procedures and confirmed using PCR assay. The bacterial survival (n=20) at
the recommended chlorine dosage (0.5 ml), lethal dose (n=3) and inactivation kinetics (n=3) at lethal doses
were examined. Bacterial isolates (n=3) with the highest chlorine tolerance were confirmed using the 16S
rRNA gene sequence. Nucleotide sequences were subjected to the Basic Local Alignment Search tools
(BLAST) search, NCBI GenBank.
Results
Presumptive isolates were identified as E. coli (n=20). The nucleotide sequences of the three isolates with
the highest chlorine tolerance were deposited in GenBank as E. coli SAMRC-1 (accession number KX874327),
E. coli SAMRC-2 (accession number KX874328) and E. coli SAMRC-3 (accession number KX874329),
respectively. At the recommended free chlorine of 0.5 mg/l, E. coli isolates (n = 20) at initial cell density of
8.35 – 8.75 log were reduced to 3.88 – 6.0 log with chlorine residuals of 0.14 – 0.44 mg/l in 30 min. Higher
chlorine doses (0.75 – 1.5mg/l) further reduced bacteria (n=3) to greater than 7.3 log showing a marked
reduction in the viability of E. coli isolates while a high rate of bacterial kill (R2 = 0.9 – 0.98) was achieved
over time (10 min interval at 30 min exposure) at chlorine dose of 1.5 mg/l.
Conclusions
Poor removal efficiency of E. coli at chlorine dose of 0.5 mg/l demonstrated chlorine tolerance while higher
chlorine doses showed the potential to check chlorine tolerance of bacteria.
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Perfluorooctanoic Acid (PFOA) is suspected to have various adverse effects on human health. For the
general population of large parts of North Rhine-Westphalia (NRW), Germany, contaminated drinking water
can be regarded as an important pathway for exposure to PFOA. We model its state-wide concentrations in
the course of time, thereby handling missing data.
Following a PFOA contamination incident near the city of Arnsberg prior to 2006, concentrations in drinking
water have been derived from a monitoring programme of the NRW state environmental agency (LANUV)
and by further acquisition from water supply companies. Samples have been drawn from both the water
supply stations and the network of water supply areas. Apart from such comprehensive data, there are
regions with no or few measurements, usually non-detects.
In order to estimate and to predict PFOA concentration means and standard deviations, we formulate
spatio-temporal models based on these data, some information about (non-)contamination and spatial
correlations via rivers. The water proportions in the complex relationship of 417 stations supplying 451
areas are estimated based on their supplied and demanded amounts. These weights are used to mediate
between station and area level modelling.
The correlation of spatio-temporally adjacent measurements are handled by a Markov-random-field (MRF)
representing the neighbourhood structure and by smoothing approaches. We define spatial distances based
on the stations’ connectivity via rivers. Spatio-temporal distances from polluted sites, particularly from the
Arnsberg contamination, are included as covariates.
Monthly predictions from 2006 to 2016 are accomplishable, whereby a MRF turns out to be
computationally demanding. Restriction to stations with higher water amounts is a practicable option.
Regional conditions have to be respected, as smoothing is not appropriate in regions or periods with sparse
data. For the mainly affected region, a contamination decline along the river Ruhr and over time is reflected
in the models.
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TPS 931: Water and foodborne chemicals, August 28, 2019, 3:00 PM - 4:30 PM
Background / Aim: The fluorination of drinking water is a public health measure used to prevent dental
caries in children. Epidemiological studies carried out in areas with very high fluoride levels in drinking have
shown that children living in these areas have lower scores on neuropsychological functions compared to
those living in control areas.
Methods: Fluorine levels in urine were determined in pregnant women from 438 mothers (INMA Project)
http://www.proyectoinma.org/) in the 1st and 3rd trimesters of pregnancy. Infant neuropsychological
development was assessed around 14 months of age by the Bayley Scales and at 4-5 years of age using a
standardized version of the McCarthy Scales. Multivariate linear regression models were built for the six
conventional domains (Verbal, Perceptive-Manipulative, Numeric, Memory, Motor and General Cognitive).
Results: 37% of mothers resided in fluoridated drinking areas (1mg/l in water).The mean fluoride level in
urine of the residents in fluorinated areas (0.83 mg/l) was significantly higher than in the non-fluorinated
areas (0.45 mg/l). No association was found between fluoride levels in maternal urine and standardized
scores for mental and psychomotor development at 14 months. At the age of 4-5 years, an increase of 1
mg/l in the level of fluoride in urine during pregnancy (mean level of 1st and 3rd trimesters) was related to a
higher score on the perceptual-manipulative scale of 4.44 (0.13, 0.75) points. Taking into account the
window of prenatal exposure, at week 32 the level of fluorine was associated with an increase of 4.11 (0.28,
7.94) points in verbal function, 3.57 (-0.03, 7.18) in perceptive-manipulative and 3.97 (0.29, 7.65) in general
cognitive.
Conclusions: Prenatal exposure at the levels found in fluorinated drinking water may exert a beneficial
effect on the development at 4 years of age. At low doses, fluoride could present a dose-response pattern
with a beneficial effect.
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Background and aims. There is limited knowledge of the chemical quality of drinking water in low and
middle-income countries. Manhiça is a rural village in southern Mozambique with a sugar cane factory and
sugar cane fields where pesticides are used. In addition, pyrethroids and DDT are widely used for malaria
control. We conducted an exploratory study to measure chemical contaminants and toxicity in drinking
water sources in Manhiça.
Methods. We defined 20 locations to collected drinking water samples and measured nitrate, fluoride, 20
metals, 85 pesticides (organochlorines, organophosphates, triazines and phenoxies), 19 disinfection byproducts, and 2 industrial organochlorinated chemicals. In-vitro bioassays were conducted with the native
water samples, including mutagenicity (Ames test), micronuclei (MN-FACS), and endocrine disruption (ERCALUX, antiAR-CALUX).
Results. We included 5 samples from fountains, 5 from manual pumps, 5 protected and 5 unprotected wells.
Nitrate was detected in all samples (mean 13.8, SD 11.5, min-max 1.1-33 mg/L). Fluoride was only detected
in one sample (0.11mg/l). Arsenic, lead, cadmium, zinc, nickel, antimony, copper, silver, mercury, iron, and
selenium were mostly undetected or levels around the detection limit. Manganese (median 32.0μg/l),
chromium (2.0μg/l), aluminum (61.0μg/l), cobalt (0.6μg/l), barium (249.5μg/l), sodium (54.4mg/l),
magnesium (5.9mg/l), potassium (5.5mg/l), and calcium (7.5mg/l) were detected in 90-100% samples.
Trihalomethanes, haloacetic acids, haloacetonitriles, and haloketones were mostly undetected or detected
in few samples (5-28%) at low concentrations. DDT, dieldrin, diuron, and pirimiphos-methyl were detected,
respectively, in 2, 3, 4, and 2 samples, at levels around the detection limit (10-25ng/L). Trichloroethene and
tetrachloroethene were not detected. Samples were negative for the genotoxicity tests (Ames, MN-FACS)
and ER-CALUX. The antiAR-CALUX±S9 and the ER-CALUX+S9 are pending.
Conclusions. The measured chemicals in drinking water sources show concentrations below the maximum
contaminant levels established by the European Drinking water Directive except for manganese (9 out of 20
samples above 50 μg/L).
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Background and objectives
The aim of the study was to investigate the stability of magnesium, sodium, potassium and calcium in
drinking water and thereby be able to improve exposure estimates in future health related studies. Focusing
on magnesium, the objective was to investigate annual temporal and spatial variations in magnesium in
drinking water for the period 1980 – 2017 in Denmark.
Methods
Public waterworks were linked to water supply areas by spatial joins and the number of addresses within
each water supply area was calculated. For each public water supply area (WSA), linear regression and
change point analyses were used to analyse the temporal variations in magnesium concentration.
Afterwards, each WSA was categorized according to the analysed temporal trend in magnesium
concentration. Spatial variations were analysed using spatial scan statistics in SatScan.
Results
The study included 62,941 magnesium analyses, covering 2,539 WSAs, 99.5 percent of the Danish
addresses, and 417 to 2,106 samples per year. Mean magnesium concentration = 12.1 mg/L and median =
9.8 mg/L. The magnesium concentration was constant for 40 percent of the WSAs, covering 18 percent of
the Danish addresses. Two statistically significant clusters were detected, a hotspot (18.2 mg/L, p-value
<=0.001) in the eastern part of Denmark and a cold spot (8.1 mg/L, p-value <= 0.001) in the western part of
Denmark.
Conclusion
A mean magnesium concentration, covering 37 years, is adequate as exposure estimate for two fifths of the
WSAs, though only covering about one fifth of the addresses in Denmark. Furthermore, the magnesium
concentration in drinking water was clustered at a regional scale. In future health related studies, it is
therefore recommended, that magnesium exposure estimates are not only based on a single mean value,
but annual temporal and spatial variations should also be included.
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