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PETYCJA O ZMIANE PRZEBIEGU TRASY OBWODNICY OSTROPA ORAZ ZMIANE
PRZEZNACZENIA TERENU W MPZP DLA OBREBU OSTROPA POLA Z
PRZEMYSLOWEGO NA BUDOWLANO- USLUGOWY

Szanowna Pani Prezydent,

Poniewaz bez jednoznacznego podania przyczyny termin skladania wnioskow do planu ogélnego
zostal wydtuzony jedynie dla okolic dzielnicy Sikornik, jako przedstawiciele spotecznosci Ostropy
sktadamy wlasne zastrzezenie do obecnego MPZP oraz wnioski, ktérych uwzglednienia oczekujemy
w powstajacym planie ogolnym.

Nie negujac koniecznosci inwestycji i rozwoju miasta, musimy zwrdci¢ uwaga, ze powinny si¢ one
odbywa¢ z uszanowaniem glosu mieszkancow i norm srodowiskowych. Dlatego w niniejszej petycji
przedstawimy argumenty mieszkaficoéw, majace na celu wypracowanie kompromisu, ktory nie
zablokuje Panstwa plan6w, ale tez nie zniszczy unikalnego charakteru dzielnicy i nie obnizy jakoS$ci
zycia jej mieszkancow.

Zaréwno obwodnica miasta jak i strefa przemystowa w czgéci od autostrady A4 do szybu KWK
Gliwice, powstaja w odlegtosci zaledwie 200 metréw od doméw mieszkalnych. Spowoduje to, wzrost
zanieczyszczenia powietrza, hatasu oraz tzw. smogu $§wietlnego. Biorac pod uwage, ze w poblizu jest
autostrada A4, Ostropa stanie si¢ miejscem gdzie halas i zanieczyszczenia zaczng mie¢ bardzo
negatywny wplyw na zdrowie i zycie mieszkancéw. Budowa kolejnego szlaku komunikacyjnego dla
pojazdow osobowych i cigzarowych sprawi, ze w tym rejonie zacznie wystepowal wigcej
zanieczyszczen TRAP, co znaczaco wplynie na poziom zanieczyszczenia powietrza i zdrowie
mieszkanicobw. W zalaczeniu nr 1 do niniejszej petycji przedstawiamy zastrzezenia oraz argumenty
podwazajace wydang dla rzeczonej inwestycji drogowej decyzje srodowiskowa. W zatgcznikach od
2 - Iﬁ"brzedstawiamy badania naukowe ukazujace bezposredni, negatywny wplyw zanieczyszczen
TRAP na zdrowie dzieci i dorostych.

Dodatkowo, patrzac na plany dotyczace budowy obwodnicy miasta nawsuwa sie wniosek, ze nie do
korica jest to obwodnica stuzaca mieszkancom miasta. Nowa droga zwana obwodnicg ma stanowié
gltéwnie dojazd do powstajacej strefy przemystowej, a tym samym dedykowana bedzie transportowi
cigzkiemu. Po otwarciu w ub. roku czesci obwodnicy prowadzacej od ulicy Rybnickiej do ulicy
Swoinskiego, jasno wynika, ze niewielki procent kierowcéw jadacych Daszynskiego wybiera skret
w lewo ( jadac od Ostropy). Wigkszo$¢ kierowcow jedzie prosto w strong centrum miasta. Tak wiec
nowa obwodnica w niewielkim stopniu odcigzy ulice Daszynskiego.

Dlatego zalozenie, ze obwodnica ma odcigzy¢ drogi lokalne i nie wplynie na zwiekszenie
zanieczyszczenia powietrza jest falszywe, poniewaz wygenerowany zostanie nowy ruch drogowy
stanowigcy dojazd do hal przemystowych. To z pewnoscig wplynie na zwiekszenie hatasu i emisji



szkodliwych substancji. Dowody naukowe jednoznacznie wskazuja, ze zanieczyszczenie powietrza
ma zwiazek z epidemig chorob takich jak nowotwory, udary moézgu, choroby serca, astma i przewlekta
obturacyjna choroba ptuc.

Z informacji telefonicznej uzyskanej w ub. roku w ZDM Gliwice, wynika, ze miasto planujac budowe
obwodnicy nie uwzglednilo przebudowy lokalnych drég zjazdowych w rejonie skrzyzowania ulic
Tokarskiej i Ciesielskiej, tak aby mieszkancy, zwlaszcza dzieci, mogli bezpiecznie przej$¢ na druga
strong ulicy, zmierzajac do szkoly, pracy czy na przystanek autobusowy.

Reasumujac powyzsze- mieszkancy znacznej czeSci Ostropy zostana zamknieci w kleszczach
Autostrady A4, obwodnicy, i hal przemyslowych, ktore drastycznie obnizg jakos¢ ich zycia,
uniemozliwiajac bezpieczne wydostanie si¢ z tej ,,enklawy”.

Planowane inwestycje pozabawiajg takze mieszkancow catego miasta zielonych i spokojnych terenow
rekreacyjnych, ktére w drastycznym tempie znikaja z mapy Gliwic. To tutaj gliwiczanie po cigzkim
dniu pracy przyjezdzaja na rowerach, spaceruja, biegaja, organizuja si¢ grupy nordic walking.
W poblizy planowanej obwodnicy i strefy przemystowej, dzialaja trzy stadniny, gdzie jedna z nich
prowadzi hipoterapi¢ dla dzieci z niepelnosprawnosciami.

Na terenie pdl Ostropy swoje siedliska maja rézne gatunki zwierzat - ptakéw, gaddw, saren,
nietoperzy. To na terenach przeznczonych pod inwestycje przemystowe, znajduja sie takze zasoby
wody dla mieszkancéw Gliwic. Ponad to obszar Ostropa Pola w Audycie Krajobrazowym
Wojewddztwa Slaskiego zostat uznany za obszar krajobrazu priorytetowego ze wzgledu na swoj
unikatowych charakter. Powyzsze jasno sugeruje, ze teren ten zashuguje na szczegélne traktowanie
i ochrone.

Ostropa jest wyjatkowa dzielnica z silng tradycjg rolnicza, gdzie kultywuje sie zwyczaje
przekazywane z pokolenia na pokolenie. To tutaj, na polach na ktérych juz niedtugo maja stangé hale
przemystowe i jezdzi¢ TIR-y, kazdego roku od setek lat przejezdza stynna na calg Polske wielkanocna
procesja konna zwana Osterritt. Na stronach UM Gliwice czytamy:

Ten zwyczaj uznawany jest za jeden z najstarszych zachowanych na Slgsku i Euzycach i ¢zyni Ostrope
miejscem szczegolnym w Polsce. Ostropska tradycja wpisana zostala na krajowq listg niematerialnego
dziedzictwa kulturowego.

Miasto Gliwice szczyci sig, ze jest jedna z najbogatszych gmin w Polsce, jednocze$nie nie przektada
sie to na podniesienie jakosci zycia jej mieszkancéw. Wrecz przeciwne kolejne inwestycje skutecznie
odstraszajg, zwlaszcza mtodych ludzi do tego, aby pozostaé w miescie. Swiadczy o tym wyludnianie
sie miasta. Z danych GUS wynika, ze Gliwice sg w czoldwce miast w Polsce, ktére w alarmujacym
tempie traca mieszkancéw, zwlaszcza mtodych. Od 2000 roku Gliwice stracity ponad 24 tysiace
mieszkancow! Pomimo, ze dziata tutaj jedna z najlepszych uczelni w Polsce, miasto nie potrafi
zatrzyma¢ miodych ludzi, ktérzy tu studiuja. Jednym z czynnikéw jest z pewno$cig betonowanie
miasta, brak miejsc rekreacji, tworzenie stref przemystowych w poblizu osiedli mieszkaniowych oraz
kurczacy si¢ obszar stref zielonych. Nikt nie chce mieszka¢é w miejscu gdzie jest halas,
zanieczyszczenia powietrza, a przejscia dla pieszych nie sa realizowane w miejscach strategicznych.

Biorac jednak pod uwage, ze nie uciekniemy od rozwoju chcemy z miastem wypracowaé¢ kompromis.

Nasze postulaty:

- domagamy si¢ przesunigcia budowanej obwodnicy za rejon dawnej kopalni KWK Gliwice, czyli
w strone ulicy Ciesielskiej. To jest okoto 100 metréw dalej od zabudowan mieszkalnych przy ulicy
Tokarskiej,



- zmiany przeznaczenia terenu w MPZP dla obrgbu Ostropa Pola, migdzy autostradg A4, planowana
obwodnicag, a ulicg Tokarskg z przemystowego na budowlano ustugowy,

- utworzenie pomigdzy ulicg Tokarska, a obwodnica strefy zabudowy jednorodzinnej.

Whnosimy, aby miasto zachowato rolniczy charakter dzielnicy oraz jej zielony potencjat,
wykorzystujac go z korzyscig dla miasta i jego mieszkancow, tworzac tu zamiast kolejnej dzielnicy
przemystowej, dzielnice spokojna, zielong stynacg z tradycji jezdzieckich.

Wspditpraca UM z lokalng spotecznoscia oraz istniejacymi tu od lat licznymi stadninami i szk6tkami
jezdzieckimi oraz prywatnymi hodowcami koni ma ogromny potencjat, aby powstaly tu tereny do
uprawniania sportéw konnych w pigknej lokalizacji wsrdd zieleni, w dobrze zorganizowanej przez
miasto przestrzeni, podnoszac tym samym prestiz miasta i dzielnicy.

Obecny plan zagospodarowania przestrzennego nie chroni zieleni ani zalozen ekologicznych,
a przeciez zdrowie i jako$é Zycia mieszancow oraz ochrona teremow cemnych przyrodniczo
stanowi¢ powinna nadrzedna rol¢ w stosunku do inwestycji przemystowych. JesteSmy na takim
etapie rozwoju miasta, gdzie mieszkancy moga zacza¢ korzysta¢é z dobrodziejstw rozwoju
gospodarczego. Dlatego prosimy o uwzglednienie naszych postulatow.

Pragniemy réwniez nadmieni¢, ze niniejsze pismo skladane jest w formie uproszczonej, aby zgtosié
nasz sprzeciw w terminie 07.02.2025. W nadchodzacych tygodniach zlozone zostanie kolejne pismo
z pelna lista mieszkancow popierajacych zmiany obecnego MPZP.

Wiemy, ze obecny stan oraz plany wobec Ostropy sa poktosiem decyzji poprzedniej wiadzy, z czym
Panstwo musicie si¢ mierzy¢. Jednak gleboko wierzymy, ze mozliwe jest zachowanie Ostropy
nienaruszonej przemyslem, poszanowanie jej wiekowych juz tradycji co bedzie korzystne dla calego

miasta.

Z powazaniem mieszkancy Dzielnicy Ostropa.
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Odnoszac sie do tresci decyzji Srodowiskowej wydanej dla inwestycji drogowej, ktérg jest
powstanie Obwodnicy Gliwic w Ostropie wnosimy zastrzezenia do jej tresci oraz
przedstawiamy argumentacje naszego stanowiska.

~Eksploatacja planowanej drogi wigzata sie bedzie z emisjg hatasu i zanieczyszczern gazowo
— pytowych do powietrza, ktorej Zrodtem bedzie ruch pojazdéw.

Celem planowanej inwestycji jest przejecie potoku samochodow, ktdre obecnie poruszajg sie
po drogach lokalnych, ktore czesto sg w zfym stanie technicznym. Samochody po
projektowanej obwodnicy poruszaly sie bedg plynnie co wplynie na ograniczenie emisji
zanieczyszczenn do powietrza w stosunku do sytuacji gdyby samochody poruszaty sie po
drogach w ztym stanie technicznym. Biorgc pod uwage powyzsze mozna przyjgc za autorami
karty informacyjnej przedsiewziecia, Ze eksploatacja planowanej obwodnicy nie wplynie
znaczgco na jako$¢ powietrza.”

Powyzsze stwierdzenie nie posiada zadnej wartosci naukowej i jest pozbawione podstaw
merytorycznych. Budowa nowej drogi lokalnej nie doprowadzi do redukcji emisji zwigzanych
z samochodami spalinowymi. Wrecz przeciwnie, realizacja obwodnicy przyczyni sie do
zwiekszenia liczby pojazdéw poruszajgcych sie w poblizu obszarédw zamieszkatych, co
znaczaco wplynie na poziom zanieczyszczenia powietrza. Chociaz istnieje mozliwosé
zmniejszenia emisji pytdw zwigzanych z abrazyjnym zuzyciem opon, nie wptynie to na
redukcje emisji spalin samochodowych. W Gliwicach najczesciej stosowanym paliwem jest
benzyna, ktéra stanowi 50% wszystkich zmierzonych samochodéw osobowych w 2022
roku™. Na kolejnych miejscach znajduja sie pojazdy z silnikiem diesla (34%) oraz napedzane
gazem ptynnym (LPG) (14%). Samochody hybrydowe stanowity jedynie 2%, a elektryczne —
mniej niz 1%. Zgodnie z ustaleniami Environmental Protection Agency, ruch drogowy ma
istotny wptyw na jako$é powietrza w promieniu kilkuset metrow — okoto 200 metréw od drog
0 duzym natezeniu ruchu w kierunku pod wiatr lub wzdtuz drég o0 znacznym natezeniu ruchu
ciezarowego.

Nowe zZrodto zanieczyszczenia powietrza nie zostato uwzglednione w decyzji
o $rodowiskowych uwarunkowaniach. Tymczasem dowody naukowe przedstawione przez
ekspertow jednoznacznie wskazujg na zwigzek miedzy zanieczyszczeniem powietrza
a epidemig choréb niezakaznych, takich jak nowotwory, udary mdzgu, choroby serca, astma
i przewlekta obturacyjna choroba ptuc. Jest to jedna z nielicznych kwestii $rodowiskowych,
w ktorych epidemiolodzy i toksykolodzy sg zgodni co do negatywnego wptywu
zanieczyszczenia powietrza na zdrowie.

W 2012 roku International Agency for Research on Cancer (IARC), bedgca miedzyrzadowg
agencjg WHO specjalizujgcg sie w badaniach nad nowotworami, sklasyfikowata emisje
spalin silnikéw Diesla zostaty jako czynnik rakotwérczy dla ludzi (Grupa 1) na podstawie
wystarczajgcych dowodéw naukowych (IARC 2012). W Gliwicach 34% pojazdéw to
samochody z silnikami Diesla®. Rok pézniej, ta sama agencja sklasyfikowata generalne
zanieczyszczenie powietrza jako ,czynnik rakotwérczy dla ludzi” (Group 1), podkreslajgc, ze
stanowi ono ,jedng z gtébwnych Srodowiskowych przyczyn zgonéw z powodu raka” (IARC
2013).

Znaczenie dowoddéw naukowych jest tak duze, ze w 2019 roku WHO uznata
zanieczyszczenie powietrza za najwieksze zagrozenie dla zdrowia ludzi™. Od trzech dekad
gromadzone sg obszerne dane, ktére jednoznacznie dowodzg, ze zanieczyszczenie
powietrza stanowi powazne zagrozenie dla zdrowia. Juz w latach 1990, renomowana grupa
epidemiologéw wykazata, ze kazda, nawet najmniejsza ekspozycja na zanieczyszczenie



powietrza, wywiera negatywny wptyw na zdrowie. Badania te potwierdzity, ze nie istnieje
prég ekspozycji, ponizej ktérego zanieczyszczenie powietrza byloby obojetne dla
zdrowia (Zobacz plik zip "APHEA study").

Wpltyw zanieczyszczenia powietrza, zwtaszcza pochodzgcego z ruchu drogowego, na
zdrowie jest szczegolnie dotkliwe w przypadku matych dzieci. Negatywnie oddziatuje ono na
wiele uktadéw w organizmach dzieci, prowadzgc do zwiekszonej zachorowalno$ci
i Smiertelnosci, zwfaszcza wsréd noworodkéw. Kobiety w cigzy narazone na
zanieczyszczenie powietrza majg wieksze ryzyko przedwczesnego porodu, a ich dzieci
mogg mie¢ niskg mase urodzeniowg i ryzyko wystgpienia zaburzen ze spektrum autyzmu.
Zanieczyszczenie powietrza wptywa réwniez negatywnie na rozwdj uktadu nerwowego oraz
zdolnosci poznawcze, a takze zwieksza ryzyko wystgpienia astmy obnizong funkcje ptuc,
infekcje drég oddechowych oraz alergie u dzieci i mtodziezy. Ponadto zwieksza ryzyko
wystapienia przewlektych choréb w wieku dorostym, takie jak schorzenia uktadu
krazenia (Zobacz zip "Trafic related health impact").

Warto doda¢, ze decyzja o $rodowiskowych uwarunkowaniach zdaje sie bardziej
koncentrowaé na ochronie drzew i ich zabezpieczeniu niz na ochronie zdrowia ludzi
mieszkajgcych w poblizu planowanej obwodnicy. Podobnie, w przypadku zwierzat, takich jak
nietoperze, ptaki, ptazy, gady i inne, ochrona ich siedlisk wydaje sie by¢ traktowana
priorytetowo w poréwnaniu do zdrowia mieszkancéw Ostropy.

1 chrome-extension://oemmndcbldboiebfnladdacbdfmadadm/hitps://theicct.ora/wp-
content/uploads/2024/09/1D-226-%E2%80%93-LEZ-Gliwice final.pdf

2l chrome-
extension://foemmndcbldboiebfnladdacbdfmadadm/https://www.epa.qgov/sites/default/files/20
15-11/documents/420f14044 0.pdf ¢ strona 2

Bl chrome-extension://oemmndcbldboiebfnladdacbdfmadadm/https://theicct.org/wp-
content/uploads/2024/09/1D-226-%E2%80%93-LEZ-Gliwice final.pdf

4 https://www.who.int/vietnam/news/feature-stories/detail/ten-threats-to-global-health-in-
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ARTICLE INFO ABSTRACT

Handling Editor: Zorana Andersen The health effe lated air pollution (TRAP be ofimportant public health interest. Following

its well-cited 2010 n:nnm_ _.mSms: the InmEu mmmmna Institute (HEI) appointed a new expert Panel to systematically
Keywords: evaluate the epids iations between long-term to TRAP and selected
Traffic-related air pollution adverse health outcomes. Health outcomes were selected based on evidence of causality for general air pollution
Birth cutcomes (broader than TRAP) cited in authoritative reviews, rel for public health and policy, and resources available.
Respiratory outcomes

Cardiometabolic outcomes
Mortality
Systematic review

The Panel used a systematic approach to search the literature, select studies for inclusion in the review, assess
study quality, summarize results, and reach conclusions about the confidence in the evidence. An extensive
search was no:m:nﬂmn_ of literature n:rr%mn between January 1980 and July 2019 on selected health outcomes.
A new was developed to determine whether a study was sufficiently specific to TRAP.

In total, 353 studies were included in the review. Respiratory effects in children (118 studies) and birth
outcomes (86 studies) were the most commonly studied outcomes. Fewer studies investigated cardiometabolic
effects (57 studies), respiratory effects in adults (S0 studies), and mortality (48 studies).

The findings from the ic review, met: lyses, and luation of the quality of the studies and
potential biases provided an overall high or mod; to-high level of confid inan iation between long-
term exposure to TRAP and the adverse health outcomes all-cause, circulatory, ischemic heart disease and lung
nm:nm.. mortality, nmn::m onset in children and adults, and acute lower respiratory infections in children. The

was d low or very low for the other selected outcomes.

In light of the large number of people exposed to TRAP - both in and beyond the near-road environment - the
Panel concluded that the overall high or moderate-to-high confidence in the evidence for an association between
long-term exposure to TRAP and several adverse health outcomes indicates that exposures to TRAP remain an
important public health concern and deserve greater attention from the public and from policymakers.
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H. Boogaard er al
1. Introduction

Motor vehicles are a significant source of urban air pollution and are
important contributors of anthropogenic carbon dioxide and other
greenhouse gases. Traffie-related air pollution (TRAP) is a complex
mixture of gases and particles resulting from the use of motor vehicles.
Motor. vehicles emit a variety of pollutants including nitrogen dioxide
(NOy), elemental carbon (EG), ultrafine particles (UFP) and fine particle
matter (PMys). These pollutants can be emitted directly through the
vehicle exhaust as tailpipe emissions. They can also be emitted from
non-exhaust sources such as evaporative emissions of fuel, the restis-
pension of dust, the wear of brakes and tires, and the abrasion of road
surfaces, which are collectively referred to as non-tailpipe emissions
(Ha 1 et al., 2021; HEI, 2010).

Tailpipe emissions from motor vehicles and ambient concentrations
of most monitored traffic-related pollutants have decreased steadily
over the last several decades in most high-income countries. This trend is
a result of air quality regulations and improvements in vehicular emis-
sion control technologies and is likely to continue (irev. 2018). These
positive developments, however, have not been able to compensate fully
for the rapid growth and increased vehicular congestion of the motor
vehicle fleet due to population growth, urbanization, and economic
activity, in addition to the continued presence of older or malfunction-
ing vehicles on the roads. The introduction of new technologies such as
electric vehicles, promises alleviation of some components of TRAP.
Adoption has been constrained so far, however, due to the pace and cost
of developing battery technology and infrastructure, electricity decar-
bonization, and fleet turn-over (i ¢ 2020). For the foreseeable
future, a substantial number of people m_o_um__% will continue to be
exposed to tailpipe and non-tailpipe TRAP, especially in urban settings
and locations in proximity to busy roadways, where detectable increases
extend to about 500 m.

In 2010, HEI published Special Report 17, Traffic—Related Air Pollu-
tion: A Critical Review of the Literature on Emissions, Exposure, and Health
Effects. This 2010 review, developed by the HEI Panel on the Health
Effects of .Eum.._n Related Air Pollution summarized and synthesized

hon and health effects from TRAP and drew
conclusions about whether the associations between exposure and
health outcomes were causal. The 2010 Panel reviewed both toxico-
logical and epidemiological evidence. At that time, the Panel concluded
that the evidence was sufficient to support a causal relationship between
short and long-term exposure to TRAP and exacerbation of asthma in
children. The Panel found suggestive evidence of a causal relationship
between exposure to TRAP and other outcomes, including all-cause and
cardiovascular mortality, and limited evidence of associations for some
other outcomes, such as birth outcomes (1151, 2010).

Since the 2010 HEI review, regulations and vehicular technology
have advanced significantly, exp has been ent d.
and many additional studies investigating the health effects of exposure
to TRAP have been published. Humﬁmonm. HEI formed a new Panel,
consisting of 13 experts in epid and

Environment International 164 (£022) 107262

and with assessing the level of confidence in the presence of an
association.

3. General methods

The Panel used a systematic approach to search the literature, select
studies for inclusion in the review, assess study quality, summarize re-
sults, and reach conclusions about the confidence in the body of evi-
dence, based largely on standards set by Cochrane, World Health
Organization, and the National Institute of Environmental Health Sci-
ences. To this end, a review protocol was published in 2019 (i
and registered in

Health outcomes were selected by the Panel based on evidence of
causality (causal or likely causal) according to the latest determination
for general air pollution (broader than TRAP) from available authorita-
tive :Ewmumﬁmm science assessments (e.g.,
2016; PA, 2 )), and other -ations such as r
for public health m=n_ policy, and resources available, The selected health
outcomes were clinical ¢ (rather than preclinical) and included
birth outcomes (e.g., term low birth weight: <2,500 g for infants born at
term > 37 weeks of gestation), respiratory outcomes (e.g., asthma
onset), cardic bolic « (e.g., ischemic heart disease and
diabetes) and all-cause and pecific (e.g., circulatory, respi y)
mortality. The Panel acknowledged the limitations in the selection of
health outcomes.

A PECOS (Population, Exposure, Comparator, Outcome and Study)
question was developed and inclusion and exclusion criteria were listed
for each PECOS domain in relation to the selected health effects of
long-term exposure to TRAP (months to years). The focus of the review
was on health effects observed in the general population. Cohort, case-
control, cross-sectional, and intervention studies using individual-level
data were included.

An ive search was d d of literature published betw:
January 1980 and July 2019. Studies were checked for eligibility
inclusion by two reviewers. Data from all included studies were
extracted and evaluated extensively, including key information for
meta-analysis. Effect estimates from single pollutant models were
selected for the meta-analysis. Results from multi-pollutant models were
de- mEv?;m_Nmn_ as we were not interested in the associations of single

independent of other poll Instead, we considered the
mmmoemnanm of single va:Em:ﬁ to represent the associations of the
TRAP mixture. We performed random-effects meta-analysis when at
least three estimates were available for a specific exposure-outcome
pair. The Panel decided to use the pollutant concentration increments
mBE the mmo>vm mE% to reflect a _,mmmmmn range of exposure contrasts
2015). The following increments
were used: 10 :m\:.. for ZON~ 1 pg/m? for EC, and 5 rw\im for ESM 5
The increments used are in the same range as other reviews mm

We assessed risk of bias for all exposure-outcome associations that

statistics at institutions in North America man_ m—:de. to conduct a new
review. This review is the largest systematic effort to date to evaluate the
iol | evidence r the iations between long-term
exposure to TRAP and selected adverse health outcomes. The report will
be published later this year (1111, ). Here, we summarize the main
findings of the review.

2. Objective

.25 oEmaEB of this review was to systematically evaluate the

i ical evid, regarding the assc between long-term
exposure to ambient TRAP and selected adverse health outcomes. Re-
sults were quantitatively combined to evaluate the strength of the evi-
dence, where appropriate. The Panel was charged with drawing
conclusions about the confidence in the quality of the body of evidence

were included in the met: lyses, using a modified version of the tool
developed for the risk of bias assessment in the WHO Air Quality
Guidelines review (
Where possible, the Panel vﬁmo:umn additional analyses to assess
consistency of the association, for example, across geographic region,
within time period, by level of risk of bias, and with more extensive
adjustment for individual-level lifestyle factors (i.e., smoking). An
adapted GRADE (Grading of Recommendations Assessment, Develop-
ment and Evaluation) assessment of the confidence in the quality of the
body of evidence was made using the Office of Health Assessment and
Translation (OHAT) method as a guide (¢
OHAT assessment was heavily geared towards nrm studies entering a
meta-analysis, and it focused on the quality of the body of evidence and
_mum on the presence of an association, the Panel deemed it necessary to
the OHAT with a broader approach. Hence, we

developed a narrative assessment to evaluate the level of confidence in
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Overall confidence in the evidence for an association with long-term exposure to traffic-related air pollution:
high ® moderate to high @ moderate

Fig. 1. Overall confid in the evid foran

between long-term exposure to ambi
for which the overall confidence in the evidence was low-to-maderate, low or very low are not i

TRAP and selected health : health
g. 1.

Table 2
Overall d —Di of the level of confidk in the for an
High Evidence is sufficient to conclude that the strength of the evidence for an association s high, that is, the exposure has been shown to be associated with health effects in
studies in which chance, confounding, and other biases could be ruled out with fide The ination is based on multiple high-quality studies

in different ions and

High confidence in the association between exposure and the outcome.

areas with consistent results for multiple exposure indicators.

Moderate  Evidence is sufficient to conclude that an association is likely to exist, that is, the exposure has been shown to be mﬂoemﬁ_ ‘with health effects in studies where results are

not explained by chance, confounding, and other biases, but uncertainties remain in the evidence overall. The

is based on some high-quality studies in

different populations and geographical areas, but the results are not entirely consistent across areas and for multiple exposure indicators.

Moderate confidence in the association between exposure and the outcome.

Low Evidence is suggestive but limited, and chance, confounding, and other biases cannot be ruled out. Generally, the body of evidence is relatively small, with few high-
quality studies available and at least one high-quality epidemiologic study shows an association with a given health outcome and/or when the body of evidence is
relatively large but the evidence from studies of varying quality and across multiple exposure indicators is generally supportive but not entirely consistent,

Low confidence in the association between exposure and the outcome.

Very low  Evidence is i to d ine if an

exists with the relevant exposures. The available studies are of insufficient quantity, quality, consistency, or

statistical power to permit a conclusion regarding the presence or absence of an association.

Very low confidence in the association between exposure and the outcome.

! The overall confid of the

of each health outcome with long-term exposure to TRAP is a combination of the narrative assessment and the

modified OHAT assessment. The descriptors are modified from 1.5, FPA (2015) and OHAT (2019).

6. Overall conclusions

The findings from the sy ic review, met: ] and evalu-
ation of the quality of the studies and potential biases provided an
overall high or moderate-to-high level of confidence in an association
between long-term exposure to TRAP and the adverse health outcomes
all-cause, circulatory, ischemic heart disease and lung cancer mortality,
asthma onset in children and adults, and acute lower respiratory in-
fections in children. The Panel's confidence in the evidence was
considered moderate, low or very low for the other selected outcomes.
The findings add to the growing evid base of a range of other health
outcomes associated with long-term exposure to TRAP.

Tailpipe emissions from motor vehicles and ambient concentrations
of most monitored traffic-related pollutants have decreased steadily
over the last several decades in most high-income countries. The Panel's
main findings were derived from studies conducted when exposure
levels were generally higher than present-day levels in high-income
countries, and comparable to or lower than present-day levels in low-
income countries.

In light of the large number of people exposed to TRAP - both in and
beyond the near-road environment - the Panel concluded that the overall
high or moderate-to-high confid in the evid for an iation
between long-term exposure to TRAP and several adverse health out-
comes indicates that exposures to TRAP remain an important public

H. Boogaard et al.

health concern and deserve greater attention from the public and from
policymakers.
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ARTICLE INFO ABSTRACT

Keywords: Background: Associations between early traffic-related air ion (TRAP) exp and i y and allergic
Adolescent morbidity in adol are i i However, sub-groups might be more vulnerable to the health effects of
Asthma this exposure.

i Objectives: We investigated ions between early to TRAP and v and allergic morbidity
Traffic-related air pollution at age 13 years in the PARIS birth cohort, and potential modifying effects of sex, parental allergy, stressful family

event and lower respiratory tract infections (LRTI).

Methods: This study deals with data from 732 children of the PARIS birth cohort followed up using repeated
questionnaires until 13 years of age. Prenatal TRAP was assessed by ing daily ions of
nitrogen dioxide at the nearest station to mother's home. Early TRAP was calculated for each
child during the first year of life by a nitrogen oxides (NO,) air dispersion model taking into account both
residence and daycare. Associations between TRAP exposures and asthma, rhinitis and related symptoms were
assessed using multivariable logistic regression models adjusted for potential confounding factors. Effect
modification was explored by testing multiplicative interactions.

Results: An increase in interquartile range (17.0 pg/m®) of early I NOy exp was positi related to
current asthma (adjusted odds ratio aOR = 1.21; 95% confidence interval CI: 1.02, 1.43), severe wheeze (aOR =
1.23; 95% CI: 1.02, 1.47) and persistent asthma at 13 years old (aOR = 1.26; 95% CI: 1.03, 1.55) and tended to
be associated with asthma ever. Parental history of m:ﬁ.ww.. asthma, early stressful family event and LRTI
modified these iati with TRAP No hip with rhinitis was found. Prenatal TRAP
exposure did not show any association with respiratory and allergic morbidity.

Discussion: This study is one of the first to show several modifiers of the association between early postnatal TRAP
exposure and asthma at adolescence. Not all adolescents seem equally affected by early postnatal TRAP exposure:
those presenting parental history of allergy, especially asthma, those with early stressful family event or LRTI
appear to be more vulnerable.

Abbreviations: AIRPARIF, Paris air quality monitoring network; aOR, Adjusted Odds Ratio; BAMSE, Children, Allergy, Milieu, Stockholm, Epidemiological Survey;
CI, Confidence Interval; CSTB, French Scientific and Technical Center for Building; DAG, Directed Acyclic Graph; ETS, Environmental Tobacco Smoke; ETV, Exposure
To Violence; IFSTTAR, French Institute of Science and Technology for Transport, Development and Networks; IQR, Interquartile range; ISAAC, International Study of
Asthma and Allergies in Childhood; LRTI, Lower i y Tract i LUR, Land-Use ion; MeDALL, hani of the D of ALLergy; NO,,
Nitrogen dioxide; NO,, Nitrogen oxides; OR, Odds Ratio; PARIS, Pollution and Asthma Risk: an Infant Study; PIAMA, Prevention and Incidence of Asthma and Mite
Allergy; SES, Socioeconomic Status; TRAP, Traffic-Related Air Pollution.

* Corresponding author. Unité Inserm U1153 Centre of Research in Epidemiology and StatisticS (CRESS), HERA Team, Université de Paris, Faculté de Pharmacie de
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1. Introduction

In recent decades, the prevalence of respiratory and allergic diseases
has been increasing worldwide (/ )and
diseases such as asthma and allergic rhinitis are among the most com-
mon chronic conditions in adolescents (/
et al., 2007). The origins of these diseases result from multiple inter-
acting factors including genetic predispositions, and behavioral and
environmental factors. Regarding these envi ] factors ially

Environmental Research 201 (2021) 111473

2. Methods
2.1. Study design

The prospective follow-up of the PARIS birth cohort is based on
standardized questionnaires completed by parents on inclusion, then
every three months for the first year, at 18 months and ¢<mQ v‘mwn until 8
years of age. At 13 years old, a self-administered questi was

the increase in road traffic, the question of the role of traffic-related m:
pollution (TRAP) on respiratory and allergic morbidity arises (
et al., 2010).

There is now sufficient evidence zﬁ: TRAP mxvof.:m can manmﬂw»wm
E.ménmznw asthma 2014; Tétreault et al.,
and many studies uiwnwn»mn =..m association between TRAP
and respiratory and allergic morbidity in children (Bowatie et al., 2015;
Han et al I., 2019). However, the impact of TRAP on
this morbidity in adolescents has been rarely investigated. A few studies
have shown associations between TRAP exposure and incident asthma
from birth to 13 years of age ( b), or from 10 to 18
years of age (U In the PIAMA birth cohort, an asso-
ciation was found between nitrogen dioxide (NO,) levels at the birth
address and incident asthma up to n——m age of 12 (G )
and up to the me of 14 ( 2016). In another Enr cohort,
BAMSE, a 3) o_ummZmn_ significant associations be-
tween TRAP exposure during the first year of life and prevalent and
incident asthma at 12 years of age. In contrast, a pooled European study
of four birth cohorts described associations with incident asthma at
14-16 years of age but not with prevalent asthma at this age (¢
et ¢ )) did not establish any association with
asthma at adolescence. Regarding the association between TRAP and
adolescent rhinitis, nmmc_w are few in number and also inconsistent
016). All these studies are difficult
8 compare. They use many different exposure assessment methods:
pollutant measurements from air quality monitoring stations (14 all;
2019); indoor air measurements (Jerreit of al, 2008); statistical

, 2016) mnm air vo::.uon
Outcomes were defined at
different ages and in different ways using administrative health data-
bases (1¢ ‘t al., 20161), standardized questions similar to those
used in the Hunmgwnbbﬂ Study of Asthma and Allergies in Childhood
(ISAAC) and the MeDALL (Mechani of the Devel

an Infant Study (PARIS) birth cohort, that some sub-groups of children,
those with male sex, parental history of allergy, early postnatal stressful
family events and repeated lower respiratory tract infections (LRTI), are
more <_._anmEm to TRAP than others regarding asthma prevalence at 4

17) and reduced lung function at 8-9 years
. However, these potential modifying effects on
respiratory morbidity in adolescents need further study.

In this context, the aims of this study were to investigate associations
between early expostre to TRAP and respiratory and allergic morbidity
at the age of 13 years in the PARIS birth cohort, and then to explore
potential modifying effects of sex, parental history of allergy, early
postnatal exposure to a stressful family event and early repeated LRTI.

« leted by the adol in addition to a questionnaire filled in by
their parents. At 18 months old and 8-9 years old, children benefited
from a free medical examination, including a blood test and a lung
function test at 8-9 years old. The French Ethics Committees approved
the PARIS study and parents gave written informed consent (permission
nos. 031153, 051289, and ID-RCB, 2009-A00824-53).

2.2. Participants

The PARIS birth cohort consists of 3840 healthy newborns recruited
between 2003 and 2006 in five Paris maternity hospitals. Information
about medical and sociodemographic eligibility criteria and methods of
selection has been previously published (¢
present study deals with families who answered at least one question-
naire when children were 13 years old (parents and/or adolescent).

2.3. Hedlth outcomes

Standardized questions from the ISAAC study used in the European
consortium MeDALL were used to assess respiratory and allergic
morbidity. Adolescents reported symptoms occurring in the previous 12
months such as wheeze (“Have you had wheezing or whistling in the
chest in the past 12 months?”) and rhinitis symptoms (“In the past 12
months, have you had a problem with sneezing, or a runny, blocked nose
when you did not have a cold or flu?”"). Wheeze was considered as severe
when adolescents reported at least one of the following in the preceding
12 months: sleep disturbance due to wheezing, wheezing severe enough
to limit speech to only one or two words at a time between breaths or
discomfort due to wheezing greater than 4 on a scale from 0 to 10.
Rhinitis symptoms were classified as severe when adolescents reported
discomfort due to these nasal problems greater than 4 on a scale from
0 to 10 in the previous 12 months. Parents reported ever-diagnosed
asthma and allergic rhinitis for their child and use of asthma medica-
tion during the preceding 12 months. Current asthma was defined as a
positive answer to at least two of the three questions regarding doctor-
diagnoses asthma, asthma medication during the previous 12 months
and wheezing in the preceding 12 months. Based on the repeated
questionnaires from birth, persistent asthma was defined as asthma
diagnosed between birth and 5 years old and still current at 13 years old.

2.4. TRAP exposure assessment

The ExTra index assessed cumulated exposure over time in front of
the different residences and daycare ( et al., 1005). It was devel-
oped by the French Scientific and Technical Center for Building (CSTB)
and the French Institute of Science and Technology for Transport,
Development and Zmnéua_a (IFSTTAR) and has previously been vali-
). The ExTra index was used to
estimate ambient air concentrations of nitrogen oxides (NOy) in front of
children’s residences. It includes a regional comp corresponding to
background levels measured by the Paris air quality monitoring network
(AIRPARIF) and a local component modeled using an air pollution
dispersion model adapted from the Danish operational street pollution
model (Hertel anc ). This model requires topographical
data, data on traffic intensity mcn_ meteorological data related to each
residence. The geographical information system of Paris municipality
was used to collect topographical data: height of buildings and width of
pavements and road. The average daily street traffic density was
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Baseline characteristics of adolescents form the PARIS birth cohort included and not included in the study at 13 years of age.

Baseline characteristics at birth

Respondents at 13 years(n = 732) Non-respondents at 13 years(n = 1184) p-Value

Male sex, n (%) 381 (52.1) 615 (51.9) 0.96
Birth weight, g (mean = SD) 3417 4 15 3421 %12 0.84
Birth height, cm (mean == $D) 50.2 + 1.8 50.1 1.9 0.27
Place of residence 0.24

Paris city, n (%) 458 (62.6) 709 (59.9)

Paris suburbs, n (%) 274 (37.4) 475 (40.1)
Family socioeconomic status <0.001

Low, n (%) 32 (4.4) 116 (9.8)

Medium, n (%) 164 (22.4) 356 (30.1)

High, n (%) 536 (73.2) 712 (60.1)
Geographic origins of parents 0.001

Two parents born in France, n (%) 558 (76.4) 820 (69.7)

At least one parent born outside France, n (%) 172 (23.6) 357 (30.3)
Maternal education <0.001

Primary, n (%) 6(0.8) 17 (1.4)

Secondary, n (%) 52 (7.1) 173 (14.7)

Post-secondary, n (%) 673 (92.1) 992 (83.9)
Mother’s age, years (mean + SD) 33339 3244 4.0 <0.001
Primiparous mother, n (%) 375 (51.2) 641 (54.1) 0.22
Lone mother households, n (%) 4(0.6) 20(1.7) 0.03
Exposure to smoking during pregnancy

Maternal active smoking, n (96) 42(5.7) 119 (10.1) 0.001

Exposure to ETS, n (%) 146 (20.0) 298 (25.3) 0.008
Breastfeeding, n (%) 591 (82.1) 948 (80.8) 0.49
Parental history of allergy®, n (%) 392 (53.6) 637 (54.0) 0.86
Asthma, n (%) 149 (20.4) 226 (19.2) 0.52
Allergic rhinitis, n (%) 273 (37.4) 435 (36.9) 0.85
Atopic dermatitis, n (%) 131 (17.9) 245 (20.8) 0.12

Definition of abbreviation: SD = standard deviation; ETS = environmental tobacco smoke. *Asthma, allergic rhinitis and/or atopic dermatitis.

However, susceptibility to TRAP in children exposed to stress has been
suggested in different studies. The Children's Health Study cohort
showed the effect of TRAP exposure during childhood on incident
asthma at 5-9 years of age and pulmonary function (mean age 11.2
years) EE« in children with high parental stress (i
). Using exposure to violence (ETV) as a proxy
for nrncEn mc.mmmoﬂ. ) reported that NO,, levels in
the year of diagnosis were associated with asthma in children with
above-median ETV exposure. Nevertheless, these studies did not focus
on early postnatal exposure windows. To the best of our knowledge, no
study has investigated vulnerability to TRAP exposure in adolescents
who have suffered from repeated LRTI in early life.

All these results are biologically plausible. The exact by
which TRAP affects respiratory health are complex and not fully un-
derstood. TRAP exposure could play a role on asthma onset by various
mechanisms: TRAP can induce airway inflammation and airway hyper-
responsiveness, two characteristics of asthma. Moreover, TRAP induces
oxidative stress through the formation of reactive oxygen species (Mann
1). This oxidative stress causes chronic inflammation of airway
epithelial cells and potentiates the allergic response (¢ nieri a
Balmes, 2014). As suggested in this study, parental history of allergy,
asthma, early stressful family events, and early repeated LRTI could
potentiate the effect of early postnatal TRAP exposure. It is now well
known that heredity is a major contributor to the development of
asthma (O 011). This combined with TRAP expostire, may
increase the H_m_n of nmcm_ou:..w asthma during childhood. Similar to

b

TRAP, early exposure to stress is another potential driver for respiratory
disorders such as asthma. The potential mechanisms linking stress and
respiratory problems have been extensively studied (¢
Chronic stress has been shown to result in biological changes such as n..n
expression of immunologic genes, alterations in the hypothalamic pi-
Jones, 2 . This stress
response together with TRAP exposure may influence long-term respi-
ratory and allergic health and the development of asthma in exposed
nF_Enmb Finally, early LRTI are known to have long-term sequelae,

luding the devel of asthma in child ( )
). It has been suggested that LRTI at an early mﬁmwm of
_E.ﬁ um<m~ev_.=m=~ may impair lung growth and reduce subsequent lung
function. Thus, the harmful effect of early repeated LRTI combined with
early postnatal TRAP exposure may promote the development of asthma
later in life.

Regarding TRAP exposure windows, we focused on early life expo-
sure. The early postnatal period is a crucial time in the development of
asthma. It corresponds to a critical time in lung and immune system
development when chronic TRAP exposure could lead to airway damage
and induce an airway remodeling leading to asthma. Pregnancy is also a
vulnerable period for TRAP exposure but, despite a trend, no association
between prenatal TRAP exposure and respiratory health in adolescents
was found in this study. This could be due to the use of a less accurate
method of exposure assessment. Indeed, the absence of topographic data
relating to mothers’ residence and workplace during pregnancy meant it
was not possible to model prenatal TRAP exposure by the ExTra index.

an“”_%w”mo: of prenatal and early postnatal TRAP exposure in the PARIS birth cohort children included in the study at 13 years old (n = 732).
Minimum 25th Percentile Median 75th Percentile Maximum IQR
Prenatal NO,, pg/m” 34.3 39.0 411 44.0 50.0 5.0
Early postnatal NOy, jg/m* NO, equivalent 42.1 66.0 72.1 83.0 246.0 17.0
Definition of ab iations: IQR = i ile range; NO, = nitrogen oxides; NO; = nitrogen dioxide. “Prenatal NO," corresponds to average NO, exposure during the

entire pregnancy, weighted by inverse distance. Prenatal levels are based only on background stations. “Early postnatal NO," corresponds to average NO, exposure

during the first year of life.
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Table 3
Associations of prenatal and early 1 TRAP exp with i y health in the PARIS birth cohort at 13 years: multi-exposure windows model.
Prenatal NO, Early postnatal NOy
Outcomes n Crude OR (95% CI) aOR (95% CI) Crude OR (95% CI) aOR (95% CI)
Wheeze in the last 12 months
No (reference) 611 1 1 1 1
Any wheeze 90 1.00 (0.71, 1.41) 1.11 (0.60, 2.04) 1.22 (1.06, 1.40)** 1.14 (0.97, 1.34)
No (reference) 611 1 1 1 1
Severe wheeze 44 0.87 (0.53, 1.41) 1.11 (0.49, 2.53) 1.32 (1.12, 1.55)*** 1.23 (1.02, 1.47)"
Current asthma
No (reference) 485 3 1 1 1
Yes 64 0.80 (0.53, 1.21) 1.49 (0.76, 2.94) 1.26 (1.08, 1.47)** 1.21 (1.02, 1.43)*
Asthma
No (reference) 562 1 1 1 1
Asthma ever S0 0.92 (0.66, 1.29) 1.19 (0.69, 2.03) 1.12 (0.96, 1.31) 1.09 (0.93, 1.28)
No (reference) 562 1 3 1 1
Persistent asthma at 13 27 0.77 (0.42, 1.43) 1.40 (0.53, 3.68) 1.33 (1.10, 1.61)** 1.26 (1.08, 1.55)*
Rhinitis symptoms in the last 12 months
No (reference) 461 A 1 1 1
Any rhinitis symptoms 240 1.03 (0.81,1.31) 0.80 (0.53, 1.16) 1.03 (0,92, 1.15) 1.02 (0.89, 1.16)
No (reference) 461 1 1 1 1
Severe rhinitis symptoms 69 1.11 (0.75, 1.64) 0.70 (0.35, 1.20) 0.92 (0.74, 1.15) 0.93 (0.73, 1.20)
Allergic rhinitis ever
No (reference) 551 1 1 1 1
Yes 100 0.99 (0.72, 1.37) 0.93 (0.54, 1.11) 0.97 (0.82, 1.16) 0.92 (0.76, 1.11)
Definition of abbreviations: OR = odds ratio; aOR = adjusted odds ratio; CI = no=mn_n=nm interval. Odds rati lculated for an i tile range (5.0 pg/m® NO, for
prenatal exposure and 17.0 pg/m® NO, equivalent for early 1 are based on adol i ires (n = 705), asthma ever
and rhinitis ever are based on parents’ questionnaires (n = 660), current mmnr-:m is based on both adol * and parents’ (n = 633). Models are

adjusted for parental history of allergy, family SES, presence of humidity/mold in the home at birth, presence of a cat in the home at birth, daycare attendance before 6
months of age, season of birth and maternal smoking during pregnancy. Associations EE— prenatal ZO » exposure Emnm also a&:ﬂmm for early postnatal NO,. Asso-

ciations with early postnatal NO, were also adjusted for prenatal NO,

P

v on " active smoking and the presence of

humidity/mold in the home at age 13 are made in models evaluating current asthma and symptoms associations. *p < 0.05. **p < 0.01. ***p < 0.001.

Consequently, we used NO, concentrations measured by the air quality
network background station closest to the mother's address. In the
literature, exposure to prenatal TRAP appears to impair fetal immune
system development and contribute to the development of nr:mroom
wheezing and asthma (¢

However, the impact of prenatal ._,?ﬁu vmm been mn_Emn_ vam:G in
young children. No studies have reported consistent associations be-
tween prenatal exposure and asthma in adolescence.

nonnm:..?m _‘Eamm in adolescents, n_»m role of TRAP exposure mm

dealt with early postnatal Ev exposure in wmmon_mnon with adolescent
rhinitis using a prospective design. E
sociation between NO, levels at birth address and rhinitis in children up
to the age of 14. Geh 15h) found no association between
TRAP and incident nor w3<m_mun rhinoconjunctivitis at 14-16 years of
age. Since allergic rhinitis develops later in childhood, an exposure
window closer to adolescence may be more appropriate to assess the
impact of TRAP.

4.2. Strengths and limitations

This study has multiple strengths. First, this is one of the few cohort
studies to focus on adolescent respiratory and allergic morbidity and its
relationship with early TRAP exposure. The prospective follow-up of the
PARIS birth cohort makes reporting the chronology of events possible,
thus reducing classification bias. In addition, the use of parental ques-
tionnaires for medical information and adolescent questionnaires for
symptoms facilitates the capture of complementary features of this
morbidity at the age of 13. Indeed, we can assume that symptoms are
better described by those who feel them and that questions about
medical information such as medications or diagnoses since birth are
better documented by parents, with less memory bias than adolescents.
Another strength lies in the method used to assess early postnatal TRAP

exposure which was considered as a whole without focusing on one
specific pollutant. It was expressed with regard to NOy, which are the
best traffic indicators in the Paris area where 56% of total background
NOy levels are attributed to traffic (against 23% for PMys) (Ai
p ). Early postnatal TRAP exposure was precisely estimated B_c:m
into account multiple addresses (residence and daycare) by a dispersion
model of NOy. Indeed, modeling of NOy levels by the ExTra index
showed excellent performance in the validation study previously con-
ducted by our team (7 03). However, these air pollution
dispersion models require a large amount of data and are
n:—m.no=m=u.==m Most of the uEn_mm use LUR exposure models (
. In LUR models it is
difficult to take into wonoE: street canyon effects, meteorology and
atmospheric chemistry of the pollutants and wmnmnm:% children’s
mobility is not considered (
our study has detailed information on family, home Eun— lifestyle char-
acteristics, allowing the adjustment of statistical models for many po-
tential confounding factors. We selected the most relevant confounders
from a DAG including prenatal exposure to TRAP. This made it possible
to distinguish effects of postnatal exposure from those of in utero expo-
sure. Moreover, it is assumed that respiratory morbidity results from
multiple interacting causes. For this reason, many interactions have
been tested in order to identify modifiers.

Regarding limitations, the analysis of results at 13 v&ﬁm old was
conducted on a subgroup of 732 particip who -
naires without any reminder. The attrition rate, inherent to F:m::n.:m_
surveys, in the PARIS birth cohort is mainly due to a move out of the
study area. In fact, families in large conurbations, such as Paris and its
suburbs, have a high rate of residential mobility. Another weakness lies
in the homogeneity of our population mainly of moderate to high SES,
thus limiting us to investigate the interaction between TRAP exposure
and mon_ deprivation previously described in the literature

eta
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Early Exposure to Traffic-Related Air Pollution, Respiratory Symptoms
at 4 Years of Age, and Potential Effect Modification by Parental Allergy,
Stressful Family Events, and Sex: A Prospective Follow-up Study of the

PARIS Birth Cohort

Fanny Ranciére,?

TLaboratoire Santé Pu

las Bougas,! Malika Viola,” and Isabelle Momas'?

ique et Environnement, EA4064, Faculté de Pharmacie de Par
Paris, France; 2Cellule Coharte, Direction de I’Action Sociale de I'Enfance et de la Santé,

BACKGROUND: The relation between traffic-related air pollution (TRAP) expasure and the incidence
of asthma/allergy in preschool children has been widely studied. but results remain heterogencous,

possibly due 1o diff in methodology and su

bility 1o TRAP

OBJECTIVES: We aimed to study the relation of early TRAP exposure with the development of respi-
ratory/allergic symptoms and asthma during preschool years, and to investigate parental allergy,
“stresstul” family events, and sex as possible effect modifiers

METHODS: We examined data of 2.015 children from the PARIS birth cohort followed up with
tepeated questionnaires completed by parents until age 4 vears. TRAP exposure i each child's first
year of life was estimated by nitrogen oxides (NO,) air dispersion modeling, taking into account
both home and day care locations. Assaciation between TRAP exposure and patterns of wheezing,
dry night cough, and rhinitis symptoms was studied using multinomial logistic regression models
adjusted for potential confounders. Effect modification by parental history of allergy, stressful

family events, and sex was investigated

RESULTS: Ap interquartile range (26 pg/m?) increase in NO, levels was associated with an increased
odds ratic (OR) of persistent wheezing at 4 vears (adjusted OR = 1.27: 95% confidence interval:
1.09, 1.47). TRAP exposure was positively associated with persistent whecze, dry cough, and
rhinitis symptoms among children with a parental allergy, those experiencing stressful family
events, and boys, but not in children whose parents did not have allergies or experience stressful

events, or in girls (all interaction p-values < 0.2)

ConcLusions: This study supports the hypothesis that not all preschool children are equal
regarding TRAP health effects. Parental history of allergy, stressful family events, and male sex may
increase their susceptibility 1o adverse respiratory effects of carly TRAP exposure

CITATION: Ranciére F, Bougas N, Viola M, Momas 1. 2017. Early exposure 1o traffic-related air
pollution, respiratory symptoms at 4 years of age, and potential effect modification by parental
allergy. stresstul family events. and sex: a prospecrive follow-up study of the PARIS birth cohort
Environ Health Perspect 125:737-745; hrtp://dx.doi.org/10.1289/EHP239

Introduction

The prevalence of respiratory and allergic
diseases in early childhood has been rising
globally, which is unlikely to be attributable
to genetic changes only. These mulrifactorial
diseases are associated with both individual
and environmental factors. Recent decades
have seen a change in air pollution profile
in western urban areas, with motor vehicle
traffic emissions now as a major source of air
pollution (Mayer 1999). Traffic-related air
pollution (TRAP) is known to worsen existing
respiratory discase (Weinmayr et al. 2010).
However, despite substantial literature on
the relation between TRAP and the devel-
opment of asthma and allergy in preschool
vears, results are still heterogeneous and some
uncertainties persist (Brabick and Forsberg
2009). For instance, although a meta-analysis
of 19 published studies showed evidence
for a relationship berween TRAP exposure
and wheezing in preschool children (Gasana
et al. 2012), pooled analyses of five European
birth cohorts within the European Study of
Cohorts for Air Pollution Effects (ESCAPE)

project revealed no significant association
of TRAP exposure in early years of life with
asthma prevalence at 4-5 years (Molter et al.
2015) or sensitization to inhalant or food
allergens at 4 years (Gruzicva et al. 2014).
These inconsistencies in findings may be
attributable to methodological issues such
as variability in the assessment of TRAP
exposure (Brauer 2010) and the definition of
health outcomes, and to the possible existence
of susceptible subgroups.

In birth cohort studies, TRAP exposure
of preschool children has been studied using
various indicators: distance to traffic, land-use
regression (LUR) models, and, less often,
air dispersion models (Bowatte et al. 2015).
There are also differences in TRAP pollut-
ants that authors considered [e.g. nitrogen
dioxide (NO,), nitrogen oxides (NO,), partic-
ulate matter with an acrodynamic diameter
< 10 pm (PMyp) or < 2.5 pm (PM,5), soot,
black carbon], as well as in place and timing
of exposure, with most studies only consid-
ering the home address at birth, and a few
studies considering residential mobility and/or

Environmental Health Perspectives + voLume 125 | numser 4| April 2017

Université Paris Descartes, Sorbonne Paris Cité,
Mairie de Paris, Paris, France

other locations where infants spend time such
as day care center. Furthermore, asthma may
be difficult to reliably diagnose at preschool
age when the clinical symptoms of asthma are
variable and nonspecific, and asthma-like or
allergy-like symptoms other than wheeze have
not been extensively explored.

Besides methodological considerations,
another explanation may be related to differ-
ences in vulnerability to TRAP. Even if carly
childhood is a critical period of vulnerability
for everyone because of continued develop-
ment and maturation of the lung and immune
system, certain children may be at increased
risk for adverse health effects from TRAP
(Sacks et al. 2011). In particular, atopy may
play a role as an cffect modifier, but results
from the literature are not entirely consistent.
Stronger associations between TRAP exposure
and asthma were observed in atopic children
in some studies (Dell et al. 201
2003; Schultz et al. 2012) and in nonatopic
children in other studies (Gruzieva et al.
2013; McConnell et al. 2006; Nordling et al.

Address correspondence to F. Ranciére, Université
Paris Descartes, Faculté de Pharmacie de Paris, EA
4064, 4 avenue de I'Observatoire, 75270 Paris cedex
06, France. Telephone: 33 153 73 97 27. E-mai
fanny.ranciere@parisdescartes. fr

Supplemental Material is available online (hetp://
dx.doi.org/10.1289/EHP239.
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2008). Moreover, emerging research indicates
that stress may play a role in increasing the
deleterious effect of TRAP on school-age chil-
dren’s respiratory health (Chen et al. 2008;
Clougherty et al. 2007; Islam et al. 2011;
Shankardass et al. 2009); but, to our knowl-
edge, no such studies have been conducted
in preschool children. Further, whether the
susceptibility to the effects of TRAP differs
between preschool boys and girls remains
unclear. Some authors reported evidence of
stronger effects in boys (Gehring et al. 2002)
or in girls (Nordling et al. 2008), whereas
others did not find any evidence for an effect
measure modification by sex (Gruzieva et al.
2014). Last, gene—environment interactions
may also partially explain observed heteroge-
neity in associations between TRAP exposure
and the incidence of asthma and allergic
outcomes, as suggested by findings from the
Traffic, Asthma, and Genetics (TAG) study
(Fuertes et al. 2013; MacIntyre et al. 2014).
Consequently, much needed are longi-
tudinal studies with refined assessment of
TRAP exposure and insight into factors that
may modify the effect of children’s TRAP
exposure on respiratory and allergic morbidity.
Especially, birth cohort studies are essen-
tial to understand the life course and child-
hood predictors of asthma and allergy, and
the complex interplay between heritable and
environmental factors (Bousquet et al. 2014).
As part of the Pollution and Asthma Risk:
an Infant Study (PARIS) birth cohort, the
aims of this study were 4) to investigate the
association berween TRAP exposure in eatly
life and the history of respiratory symptoms
and asthma during the preschool years,
and ) to explore whether certain groups of
preschool children are more prone to develop
respiratory symptoms and asthma in relation
to TRAP exposure, focusing on parental
allergy, “stressful” family events, and sex.

Methods
Study Design and Setting

Data were collected from birth to age
4 years, including a face-to-face interview
with the mother at the maternity hospital,
a phone interview at 1 month, and regular
self-administered questionnaires filled in by
parents when their child was 1, 3, 6, 9, 12,
and 18 months and 2, 3, and 4 years of age.

Participants

PARIS is a population-based birth cohort
study that enrolled 3,840 newborn babies born
between 2003 and 2006 in five Paris mater-
nity hospitals. Information about medical
and sociodemographic eligibility criteria and
methods of selection was previously published
(Clarisse et al. 2007). Briefly, PARIS included
single-birth, full-term newborns, without

738

malformation, and with an uncomplicated
birth and neonatal period. Exclusion criteria
included infants whose mothers were < 18 years
of age, did not receive medical care during
pregnancy, had alcohol or drug addiction, or
had difficulty speaking French. The French
Ethics Committee approved the study protocol
and written informed consent was obtained
from the parents.

Variables

Health outcomes. Respiratory symptoms
suggestive of asthma or allergy were assessed by
standardized questions from the International
Study of Asthma and Allergies in Childhood
(Asher et al. 1995), used in the European
consortium MeDALL (Mechanisms of the
Development of ALLergy) (Anté et al. 2012;
Pinart et al. 2014). At ages 1, 2, 3 and 4 years,
parents were asked about the occurrence in
the previous year of wheezing (“In the last
12 months, has your child had wheezing or
whistling in the ches?”), dry night cough (“In
the last 12 months, has your child had a dry
cough at night, apart from a cough associated
with a cold or chest infection?”), and rhinitis
symptoms (“In the last 12 months, has your
child had a problem with sneezing, or a runny
or blocked nose when he/she did not have a
cold or the flu?”).

We hypothesized that the effects of
TRAP exposure on respiratory health during
preschool years may differ depending on
the time of onset and the persistence of the

and day care addresses (in. luding the floor
number), as well as the time speut at day care
(number of hours per week). We derived the
time spent at home as the remaining time.
Addresses were geocoded using traditional
maps (scale: 1/15,000 or 1/12,500), cadas-
tral maps, and/or the geographic information
system (GIS) of the Paris municipality.

Briefly, the ExTra index relies on an air
dispersion model adapred from the Danish
Operational Street Pollution Model (OSPM)
by the French Scientific and Technical Center
for Building (CSTB) and the French Institute
of Science and Technology for Transport,
Development and Networks (IFSTTAR),
and has been validated by our research team
(Reungoat et al. 2003). Briefly, NO, concen-
trations measured over 6 weeks with passive
samplers were compared with NO, concen-
trations modeled using the ExTra index, at
100 sites in four French cities including Paris.
There were Em_w_\w\ significant correlations
(r=0.89, p < 10 in Paris) and good intra-
class correlation coefficients (R = 0.89 in Paris)
between the two series of values.

The ExTra index integrates a regional
component corresponding to the background
NO, levels measured by the Paris air quality
monitoring network (AIRPARIF) and a local
component modeling NO, levels in front of
the different locations attended by children.
The modeling step required the preliminary
collection of a large amount of data such as
hical features of each relevant location

symptoms. To account for the temporality of
symptoms during preschool years, children
were categorized into four classes according to
the trajectory of each of these three symptoms
between 0 and 4 years:
* No symptom
© Early-transient: symptom occurring between
0 and 2 years of age and not persisting later;
© Late-onset: symptom occurring between 2
and 4 years of age;
© Pessistent: symptom occurring between 0
and 2 years of age and persisting later.
Each year, parents were asked whether
a doctor had cver diagnosed their child with
asthma. Asthma ever at 4 years was defined as
asthma ever doctor-diagnosed between 0 and
4 years. Asthma ever with current respiratory
symptoms at 4 years was defined as asthma ever
in addition to respiratory symptoms (wheezing,
dry night cough) in the previous year at 4 years.
TRAP exposure. We used the ExTra
index developed by Sacre et al. (1995) to
estimate ambient concentrations of traffic-
related air pollutants such as nitrogen oxides
[NO; = nitrogen monoxide (NO) + NO,],
taking into account the different places (home
and day care) attended by children during
their first year of life.
At each follow-up time point, the parents
provided in a specific questionnaire the home

tof
Qn&%n:ﬁy day care) for each child in the cohort
(height of buildings and width of pavements
and road collected using a GIS), meteorological
data (wind direction and speed supplied by the
local weather bureau), and traffic density in the
street (resulting from counting or estimating).

The ExTra index is composed of subin-
dices corresponding to the different life
periods of each child. A life period is defined
as the maximum time period during which no
change in locations (home, day care) or time
spent in these locations occurred. The ExTra
index, expressed in pg/m?® NO, equivalent, was
then calculated for cach child’s first year of life
as the weighted average of the different subin-
dices. In summary, the concentration assigned
to cach child can be expressed as following, for
all life periods 4, with C the concentration of
NO,, 7 the percent of time spent in the place
during the period, and D the duration of the
period in days.

M;ﬁ@&s&m X T( home);
+ C(day care), x T(day care);] x %.

i

The modeling of TRAP exposure during
the fourth year of life taking into account
home, day care and school locations is ongoing
in our study.
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Traffic pollution and preschool respiratory health

the whole study population, TRAP exposure  to be affected by TRAP exposure, and we
was associated with asthma and persistent  found evidence for effect modification by
wheezing at 4 years of age. We were also  parental allergy, occurrence of stressful family
interested in determining whether certain  events, and sex. Our analyses suggest that
groups of preschool children are more likely  adverse respiratory effects of TRAP exposure

Table 3. Association between traffic-related air pollution exposure during the first year and respiratory
health during preschool years in the PARIS cohort,

Respiratory health during the first 4 years of life n(%) 30R (95% C| pValue
Wheeze

No (reference) 1,181(69.1) 1

Early-tran: 317(18.5) 1.03(0.91,1.17) 0.67

Late-onset 86(5.0) 1.09(0.89, 1.33) 0.40

Persistent 126(7.4) 1.27(1.09,1.47) 0.002
Dry night cough

No (reference) 1,032 (60.6) 1

Early-transient 190(11.2) 1.01(0.87,1.18) 0.87

Late-onset 265(15.5) 1.03(0.91,1.18) 083

Persistent 217(12.7) 1.11(097,1.27) 013
Rhiniti symptoms

No (reference) 934(55.3) il

Early-transient 300(17.7) 0.95(0.83, 1.09) 0.45

Late-onset 175(10.4) 1.06(0.91, 1.24) 0.45

Persistent 281(16.6) 1.09(0.96, 1.24) 018
Asthma ever at 4 years

No (reference) 1,517 (87.2) 1

Yes 223(12.8) 1.15(1.01,1.31) 0.03
Asthma ever with current respiraiory symploms ai 4 years

No (reference) 1,595 (93.1) 1

Yes 119(6.9) 1.20(1.02, 1.41) 0.03

may be evident only in preschool children
with parental history of allergy, in those who
experienced stressful family events, or in boys.

Strengths and Limitations

A major strength of our study is the TRAP
exposure assessment. Early TRAP exposure
was finely modeled using an air dispersion
model. Modeling NO, levels through the
ExTra index showed excellent performance
in the study of validation (Reungoat et al.
2003). In the literature, these types of
models were relatively little used compared
to LUR models due to a complicated and
time-consuming implementation. Few cohort
studies have estimated children’s TRAP
exposure by dispersion model: BAMSE
(Children, Allergy, Milieu, Stockholm,
Epidemiology) in Sweden [NO, and PM,,
(Nordling et al. 2008)], Oslo birth cohort
in Norway [NO, (Oftedal et al. 2009)],
Generation R in the Netherlands [NO; and
PM,y (Sonnenschein-van der Voort et al.
2012)], and the Children’s Health Study in
California [NO, (McConnell et al. 2010)].
Only the BAMSE and PARIS cohorts have
studied the impact of TRAP exposure on the

Notes: aOR, adjusted odds ratio; C, confidence interval. Odds ratios are calculated for an interquas range (26 pg/m?
NO, equivalent) increase in average NO, levels during the first year of life. The categarical outcomes were modeled
using multinomial logistic regression models. Models were adjusted for sex, birth weight, family socioeconomic status,
maternal education level, maternal histary of asthma, allergic rhinitis, or eczema, paternal history of asthma, allergic
rhinitis, or eczema, maternal smoking during pregnancy, exposure to environmental tobacco smoke at home du ing the
first year, exclusive breastfeeding during the first 3 months, type of child care during the first & months, stressful family
events during the first 2 years, hody mass index > 85th percentile for age and sex at 2-3 years, use of gas for cooking or
heating in the home, and visible mold in the home.

iratory health of preschool children.

Another important strength is the inclu-
sion of all the different places in which
each child spent time during his/her first
year of life as it should reduce misclassifica-
tion in TRAP exposure, contrary to other
studies where only the home address at

P

Table 4. Association between traffic-related air pollution exposure and respiratory health according to parental history of allergy and stressful family events in

the PARIS cohort.

Parental history of allergy”

Stressful family events”

Respiratory health during No Yes pfor No Yes pfor
the first 4 years of life n a0R (95% CI) n aDR (95% Cl) interaction  n a0R (95% CI) n a0R {95% Cl) interaction
Wheeze

No (reference) 507 1 677 1 659 1 522 1

Early-transient 112 0.99(0.80,1.23) 205 1.06(0.90, 1.25) 0.64 162 1.01(0.851.20) 155 1.02(0.85,1.24) 098

Late-onset 35 096(069,1.34) 51 1.16(0.90, 1.50) 0.35 45 0.94(068,1.30) 40 1.26(0.97,1.63) 019

Persistent 44 1.05(0.78,1.41) 82 1.42(1.18,1.71)*** 012 62 1.06(082,1.37) 64 1.46(1.19, 1.79)*** 0.08
Dry night cough

No (reference) 458 1 576 1 574 1 458 1

Early-transient 72 1.00(0.78,1.28) 118 1.04(0.85,1.27) 081 99 099(079,123) 91 1.05(0.84,131) 0.68

Late-onset % 083(071,1.12) 170 1.13(0.96,132) 0.10 155 1.07(0.80,1.27) 110 1.00(0.81,1.23) 0.52

Persistent 63 085(084,1.15) 154 1.22(1.04,1.44** 0.03 102 097(0.78,1.20) 115 1.29(1.08, 1.55)** 0.09
Rhunitis symptoms

No (reference) 415 1 520 1 532 1 402 1

Early-transient 13 094(0.76,1.15) 188 0.95(0.79, 1.14) 0.98 181 0.96(0.80,1.15) 133 0.97(0.79,1.19) 091

Late-onset 74 0.98(0.78,1.25) 101 1.11(0.91,1.36) 041 91 1.06(0.851.31) 84 1.06(0.85 1.33) 091

Persistent 78 079(059,1.04) 203 1.21(1.04,1.40)* 0.01 134 085(0.77,1.16) 147 1.26(1.06, 1.49)** 0.04
Asthma ever ai 4 years

No (reference) 642 1 878 1 828 1 689 1

Yes 63 087(0.74,1.27) 160 1.23(1.0, 1.43)** 0.15 117 1.06(088,1.29) 106 1.25(1.05, 1.49)** 0.26
Asthma ever with current symproms at 4 years

No (reference) 668 1 830 b 862 1 733 1

Yes 27 076(047,1.25) 82 1.32(1.11,158)* 0.04 72 1.09(0.86,1.38) 47 1.34(1.07,1.68)** 0.29

Notes: aOR, adjusted odds ratio; Cl, confidence interval. Odds ratios are calculated for an interquartile range (26 pg/m? NO, equivalent) increase in average NO, levels during the first
year of life. The categorical outcomes were modeled using multinomial logistic regression models. Models were adjusted for the same variables as in Table 3 {except for the stratifica-

tion variables).

*Among asthma, allergic rhinitis, and eczema in the mother and/or the father.

BAmong parental separation or divarce, parental loss of job, seriaus health problem, or death of a fa
#p< 0,01, ¥¥p < 0.001,
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member or close relative during the child's first 2 years of life.
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birth was considered to assess the TRAD
exposure during the first year (Brauer et al.
2007; Morgenstern et al. 2007). In older
children, McConnell et al. (2010) showed
that TRAP exposure at home and school
may both contribute to the development of
asthma. Results from the Canadian Healthy
Infant Longitudinal Development (CHILD)
study suggest that accounting for day care
to assess carly TRAP exposure might reduce
exposure misclassification because partici-
pants for whom exposure misclassification
was less likely (i.e., those spending more
than the city median time at home and those
who did not attend day care) had stronger
associations between exposure to NO, at
home and allergic sensitization at age 1 year
(Sbihi et al. 2015). However, in preschool
children, TRAP exposure at day care has been
rarely considered. The reason for this can be
cultural, as in the BAMSE birth cohort in
Sweden, where only 1% of the children in
the study started day care before 12 months
of age (Nordling ct al. 2008), compared with
about two-third in our study.

Moreover, the NO levels were predicted
at the front windows of each home and day
care place and not at the ground level, as in
LUR models, resulting in a more precise csti-
mation of the actual level of exposure. In birth
cohort studies, nitrogen oxides were mostly
reported in the form of NO, and more rarely
as both NO, and NO (Bowatte et al. 2015),
although gas exhaust from traffic conrains
NO, composed primarily of NO. Another
strength of our study is the adjustment of
statistical models for variables related to other
sources of children’s exposure to NO, (i.e., use
of gas and smoking in the home).

Regarding windows of TRAP exposure,
we focused on carly childhood, a period of
high susceptibility due to the immaturity of
the lung and immune system (Dietert et al.
2000). In the literature, the impact of TRAP
on the development of asthma and allergy
appears stronger for exposure during the first
year of life than for exposure later, and TRAP
exposure occurring in carly life has been
linked to long-term respiratory manifestations
(Gruzieva et al. 2012; Schultz et al. 2012). We
present data on TRAP exposure during the
first year, before possible asthma diagnosis.
As already highlighted in the BAMSE cohort
at the same age of 4 years (Melén et al. 2008;
Nordling et al. 2008), considering exposure
during the first year of life only is a way to
minimize possible reverse causality induced by
avoidance behavior due to the child’s disease.
However, we cannot state with certainty
that exposure during the first year alone is
responsible for the observed associations, and
later exposure between 1 and 4 years may also
contribute to the associations observed in our
study. In a subgroup of 769 children from the
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PARIS cohort, we performed a preliminary
model including TRAP exposure levels during
two time windows (first and fourth years).
After adjusting for later TRAP exposure, early
TRAP exposure was still positively associated
with persistent wheezing, even though our
sample size was most probably too small to
have sufficient statistical power to detect a
significant association.

One limitation of our study is participa-
tion. We observed a substantial attrition rate
during follow-up. As previously described
(Ranciére et al. 2013a), this is partly

attributable to families moving outside the
study area, consistent with the high residen-
tial mobility rates observed in Paris. Previous
studies found that associations between TRAP
and respiratory discases and asthma were
stronger among individuals of lower socio-
economic status (Burra et al. 2009; Wheeler
and Ben-Shlomo 2005). Children enrolled in
the PARIS cohort were mainly of high SES,
and we were unable to study the interaction
between TRAP exposure and social depriva-
tion. However, as observed in the BAMSE
cohort, children from families of high SES had

2.50
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Figure 1. Association between traffic-related air pollution exposure and asthma ever at 4 years according
to several definitions of parental history of allergy in the PARIS cohort.

Odds ratios were calculated for an interquartile range (26 pg/m® NO, equivalent) increase in average NO, levels during
the first year of life. Models were adjusted for the same variables as in Table 3, except maternal and paternal history af

lergy for the paternal history madels.

lergy for the parental history models, maternal history of allergy for the maternal history models, and paternal history of

Table 5. Assaciation between traffic-related air pollution exposure and respiratory health according to

the child's sex in the PARIS cohort.

Sex

Respiratory health during Boys Girls pfor
the first 4 years of life n a0R (95% Cl) n a0R (35% Cl) interaction
Wheeze

No (reference) 564 617 1

Early-transient 180 1.12(0.95, 1.32) 137 0.87(0.71,1.08) 0.09

Late-onset 49 0.92(0.66, 1.28) 31 1.24(0.96, 1.62) 0.08

Persistent 77 1.39(1.15, 1.69)*** 49 1.09(0.82, 1.44) 0.12
Dry night cough

No (reference] 506 1 526 1

Early-transient 104 1.02(0.83, 1.26) 86 0.97(0.76, 1.23) 078

Late-onset 154 1.04(0.87, 1.24) 1 1.02(0.84, 1.24) 094

Persistent 104 1.21(1.01, 1.45)* m3 0.99(0.80, 1.23) 012
Rhinitis symptoms

No {reference) 450 484 1

Early-transient 162 0.92{0.75, 1.11) 138 0.98(0.81, 1.19) 0.57

Late-onset 101 1.05(0.85, 1.30) 74 1.08{0.85, 1.35) 0.87

Parsistent 146 1.21(1.03, 1.43)* 135 0.93(0.76, 1.14) 0.06
Asthma ever at 4 years

No (reference) 745 772 1

Yes 147 1.22(1.05, 1.43)** 76 1.04(0.83,1.32) 0.26
Asthme ever with current sympioms at 4 years

No (reference) 798 1 797 1

Yes 76 1.25(1.02, 1.53)* 43 1.12(0.85, 1.49) 0.53

Notes: aOR, adjusted odds ratio; CI, confidence interval. Odds ratios are calculated for an interquartile range (26 pg/m®

NO; equivalent)

*p<005.**p<0.01. ***p <0001,

crease in average NO, levels during the first year of life. The categorical autcomes were modeled
using multinomial logistic regression madels. Models were adjusted for the same va

bles as in Table 3, except for sex.
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The first 1000 days of life: traffic-related air
pollution and development of wheezing
and asthma in childhood. A systematic
review of birth cohort studies
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Abstract

Background: The first 1000 days of life -inciuding pregnancy and the first 2 years after birth- represent a critical
window for health interventions.

This systematic review aimed to summarize the evidence on the relationship between traffic-related air pollutants
exposure in the first 1000 days of life and the development of wheezing and asthma, with a particular focus on
windows of exposure.

Methods: Medline and Embase were searched from January 2000 to May 2020 to retrieve population-based birth-
cohort studies, including registries, providing quantitative information on the association between exposure to
traffic-related air pollutants during pregnancy or early life, and the risk of developing wheezing and asthma in
childhood. Screening and selection of the articles were completed independently by three reviewers. The quality of
studies was assessed using the Newcastle-Ottawa scale,

Results: Out of 9681 records retrieved, 26 studies from 21 cohorts were included. The most common traffic-related
air pollutant markers were particulate matter (PM) and nitric oxides (NOx). The variability in terms of pollutants,
exposure assessment methods, and exposure levels chosen to present the results did not allow a meta-analysis.
Exposure to PM and NOx in pregnancy (10 cohorts) was consistently associated with an increased risk of asthma
development, while the association with wheezing development was unclear. The second trimester of pregnancy
seemed to be particularly critical for asthma risk. As for exposure during early life (15 cohorts), most studies found a
positive association between PM (7/10 studies) and NOx (11/13 studies) and the risk of asthma development, while
the risk of wheezing development was controversial. The period of postnatal exposure, however, was less precisely
defined and a partial overlap between the period of exposure measurement and that of outcome development
was present in a consistent number of studies (14 out of 15) raising doubts on the associations found.

(Continued on next page)
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Conclusions: Traffic-related air pollution during pregnancy is associated with an increased risk of asthma
development among children and adolescents. The relationship between exposure in the first two years of life and
the development of wheezing and asthma needs to be confirmed in studies with more precise exposure

assessment.

Keywords: Air pollution, Asthma, Children, Cohort studies

Background

The period from conception to the child’s second year
of life (the first 1000 days) is a window for intervention
to improve child and adult health [1]. This has been sug-
gested for different exposures and outcomes, especially
in the field of nutrition, cognitive development, and re-
spiratory health [2, 3]. Several programmes have there-
fore been undertaken worldwide with the aim of
promoting early life interventions for children and fam-
ilies [1, 4].

Among early risk factors critical for respiratory health,
tobacco smoke exposure, especially during pregnancy
and in the first months after birth, is well known to be
associated with an abnormal lung development and with
an increased risk of both wheezing and asthma in off-
spring [5, 6]. In fact, although lung growth occurs from
conception to early adulthood, prenatal and early post-
natal periods might be particularly vulnerable time win-
dows [7].

Tobacco smoke and air pollution exposures are not
equivalent, but air pollution exposure might have similar
consequences for the lungs [7]. The advent of new tech-
nologies with a detailed assessment of exposure to air
pollutants and a more precise spatial resolution allows
nowadays to better explore the association between ex-
posure to air pollutants from conception through in-
fancy and respiratory outcomes later in life. Prospective
birth cohorts represent the best design to assess the
temporal relationship between early life exposures and
the onset of respiratory diseases in childhood.

To date only one systematic review considering birth
cohort studies published until March 2014 has focused
on the relationship between childhood traffic-related air
pollution exposure and subsequent asthma, wheeze, and
allergic diseases [8]. Among the 11 cohort studies in-
cluded in this systematic review [8], eight were
population-based, while three were high-risk cohorts (i.e.
including only subjects with a family history of asthma
or allergies). Furthermore, almost all studies evaluated
postnatal exposure, as studies on pregnancy exposure
have been published later.

Since 2014, several birth cohort studies have focused
on the association between exposure to traffic-related air
pollutants, including gases - in particular nitrogen oxides
(NOy)- and particulate matter (PM) in pregnancy and in

, Early life, Pregnancy, Wheezing

the first 2 years after birth and development of respira-
tory problems in childhood, namely wheezing and
asthma.

On these bases, we aimed to systematically review the
evidence from population-based birth cohort studies on
the relationship between traffic-related air pollutants ex-
posure in utero and in the first 2 years after birth (the
first 1000 days of life) and the subsequent development
of wheezing and asthma in childhood, with a particular
focus on the critical time windows of exposure. A pre-
cise identification of the more vulnerable periods of ex-
posure would be important to choose more efficacious
preventive measures.

Methods
We searched Medline and Embase for papers published
in English between January 1st 2000 and May 5th 2020.
We considered as eligible only prospective unselected
pregnancy or birth cohort studies, including population-
based registries, providing quantitative information on
the association between exposure to traffic-related air
pollutants during pregnancy or during the first 2 years
of infant’s life, and the risk of developing wheezing and/
or asthma in children and adolescents (aged 1 to 17
years). Cohorts of susceptible populations, such as off-
spring of parents with asthma and/or allergies, were ex-
cluded. We considered exposures to any established
traffic-related air pollutant, including black carbon (BC),
carbon monoxide (CO), elemental carbon (EC), NOx, ni-
tric oxide (NO), nitrogen dioxide (NO,), hydrocarbons,
and PM such as Ultra-Fine Particles <0.1 ym in diameter
(UFPs), PM <25 and<10pm in diameter (PM,s,
PMyo), PM between 2.5 and 10pum in diameter (PM
coarse), and soot (i.e., black substance formed by com-
bustion or separated from fuel during combustion, rising
in fine particles). We excluded studies that: a) were re-
views, commentaries, governmental reports, letters, ani-
mal and experimental studies; b) only examined
adulthood asthma; c) only examined non-traffic-related
air pollutants including ozone (O3) which is not emitted
directly from automobiles, sulphur dioxide (SO,), indoor
air pollution, proximity to point sources and wood
smoke; d) only examined the association between the ex-
posure to the selected pollutants and asthma exacerba-
tions or severity; e) did not report the estimates of the
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Table 2 Association between exposure to traffic related air pollutants in pregnancy and asthma development
References Type of study, Subjects, no Pollutants and Outcome  Positive Sensitivity
Country exposure assoclation with windows
assessment the outcome
Lavigne E Registry-based birth cohort, 160,641 Asthma Yes Second
etal, 2019  Toronto, Canada (birth up to trimester
[14] Daily exposure < 6 years)
Jung CR TMCHD registry-based birth 184,604 PMss Asthma Yes Weeks 6-22
etal, 2019  cohort, Taiwan Daily exposure (birth up to
[15) 3-10years)
Lavigne E Registry-based birth cohort, 222,864 PM, 5, NO, Asthma Yes Second
etal, 2018  Ontario, Canada Daily exposure (birth up to trimester
[16] < 6years)
Pennington  KAPPA, registry-based birth 19,951 PMas, NO,, CO Asthma Yes NA
AF et al cohort, Atlanta, USA Annual average (2 to 6years)
2018 (17
Lee Aetal, ACCESS pregnancy cohort, 736 PM;s Asthma Yes Weeks 19-23
Boston, USA Daily exposure (birth up to in exposed to
6 years) maternal
prenatal stress
ACCESS pregnancy cohort, 752 NO;~ Asthma Yes 7-19 and 33—
Boston, USA Daily exposure (birth up to  in boys exposed 40 weeks
6 years) to prenatal
maternal stress
Registry-based birth cohort, 65,254 NO3, PM, 5 Asthma Yes NA
Vancouver, Canada Daily exposure trajectories
aggregated over the  (birth up to
pregnancy period 7-10years)
Case-control nested in a Pre-schoolers: 6948 cases,  BC, CO, NO, NO,, Asthma Yes NA
registry-based birth cohort, 34,621 controls; School-age:  PMas, PMg (1 only in

Vancauver, Canada

1711 and 8577

Daily exposure
aggregated over the
pregnancy period

6-10 years)

preschoolers and
only for PMyq

BC Black carbon, CO Carbon monoxide, PM, s Particulate matter < 2.5 um in diameter, PMq Particulate matter < 10 um in diameter; NO, Nitrogen oxides, NO Nitric
oxide, NO; Nitrogen dioxide, NO; Nitrate, UFPs Ultra-Fine Particles < 0.1 um in diameter; NA Not assessed

Table 3 Association between exposure to traffic related air pollutants in early life and wheezing development

References Type of study, Subjects, F and exp Outcome Positive association with the
Country no outcome
Ranciére F etal,  PARIS birth cohort, 2015 NO,, Wheezing Yes
2017 [22] France Exposure assessed in the first year of phenotypes only for persistent wheezing
life (birth up to 4
years)
Four birth cohorts, 2199 NO, Wheezing No
INMA preject, Spain Annual average exposure estimated at  (birth up to
address in the first year of life 12-18 months)
Gehring U etal, PIAMA birth cohort, 3863 PMs, NO,, Soot Wheezing Yes
2010 [23] the Netherlands Annual average exposure estimated at  phenotypes only for PM; 5 and early transient
birth address (birth up to 8 and late onset wheezing
years)
Nordling E et al,  Birth cohort, Sweden 3515 PMyg NO, Wheezing Yes
2008 [2 Annual average exposure estimated at  phenotypes only for NO, and persistent
address in the first year of life (bith upto 4 wheezing.
years)
Morgenstem V. GINI/LISA birth cohorts, 3577 PM,5 mass, PM; 5 absorbance, NO, Wheezing No
etal, 2007 [25]  Munich, Germany Annual average exposure estimated at  (birth up to 2
birth address years)
Brauer M et al,  PIAMA birth cohort, 3730 PM; 5 NO, Soot Wheezing No
2002 [26] the Netherlands Annual average exposure estimated at  (birth up to 2
birth address years)

PM;5 Particulate matter < 2.5 um in diameter, PM;, particulate matter < 10 um in diameter, NOx Nitrogen oxides, NO Nitric oxide, NO; Nitrogen dioxide

Bettiol et al. Environmental Health (2021) 20:46
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Table 4 Association between exposure to traffic related air pollutants in early life and asthma development

References  Type of study, Subjects, Pollutant and exposure Outcome  Positive association
Country no assessment with the outcome

ToTetal, T-CHEQ registry-based birth cohort, On- 1286 PM, 5, NOz Asthma Yes
2020 [27] tario, Canada Average exposure assessed in the (birth up to  only for NO,

first 3 years of life 15-20 years)
Jung CR et al, TMCHD registry-based birth cohort, 184,604 PM;5 Asthma Yes
2019 [15] Taiwan Exposure assessed in the first year of  (birth up to

3-10years)

Lavigne E Registry-based birth cohort Ontario, 222864 PM;s, NO» Asthma Yes

etal. 2018 Canada
]

Pennington  KAPPA registry- based birth cohort, 23,100
AF et al, 2018 Atlanta, USA

(71

Ranciére F PARIS birth cohort, France 2015
etal, 2017

[22)

Tétreault L-F  Registry-based birth cohort, Quebec, 1,183,865
et al, 2016 Canada

B

Gehring U PIAMA birth cohort, the Netherlands 3702
etal, 2015

3

Gehring U BAMBSE, GINI plus, LISA plus and PIAMA 14,126
et al, 2015 birth cohorts, Sweden, Germany, the

V] Netherlands

Ranzi A etal, GASPII birth cohort, Italy 672
2014 [31]

Fuertes E GINI plus and LISA plus birth cohorts, 6604
etal, 2013 Germany

321

Gruzieva O BAMSE birth cohort, Sweden 3633
etal, 2013

(331

Lindgren A Registry-based birtti cohort, southern 7898

etal, 2013 Sweden
[2

Clark NA Case-control study, nested in a cohort 3482 cases,
et al, 2010 (administrative databases), British 17410

[35 Columbia, Canada controls
Gehring U PIAMA birth cohort, 3863

etal, 2010 the Netherlands

[

Exposure assessed in the first year of  (birth up to  only for NO,

< byears)
PMas, NO,, CO Asthma Yes
Annual average exposure estimated  (2to 6
in the first year of life years)
NOx Asthma Yes
Exposure assessed in the first year of  (birth up to
life 4 years)
PMas, NO; Asthma Yes
Annual average exposure estimated  (birth up to
at birth address 1-12 years)
PMps abs, PM, 5, PM o, PM coarse, Asthma Yes
NO, elemental composition of PMas  (birth up to  only for NO,, K PMs,
and PMyg 11 years) K PMyo, S PMz5, Zn
Annual average exposure estimated PMyg
at birth address
PM,s abs, PM; s, PMyo, PM coarse, Asthma Yes
NO, (birth up to  only for NO,, PMys

Annual average exposure estimated
at birth address

14-16years) abs

NO; Asthma No

Annual average exposure estimated  (birth up to

at birth address 7 years)

PM, 5 mass, PMs s abs, NO; Asthma No

Annual average exposure estimated  (birth up to

at birth address 10 years)

NO,, PMiq Asthma Yes

Annual average exposure estimated  (birth up to

at birth address 12 years)

NO, Asthma Negative association

Annual average exposure estimated  (birth up to

at birth address 1-6 years)
PMzs, PMio, NO, NO,, CO, BC Asthma Yes
Exposure estimated at address in the  (birth up te  only for NO,, BC, CO,
first year of life 36-59 PMsg
months)
PM,5, NO,, Soot Asthma Yes
Annual average exposure estimated  (birth up to
at birth address 8 years)

Abs Absorbance, 8C Black carbon, CO Carbon mono:

le, PM; 5 Particulate matter < 2.5 um in diameter, PM,, Particulate matter < 10 um in diameter, NO, Nitrogen

oxides, NO Nitric oxide, NO, Nitrogen dioxide, NO; Nitrate, UFPs Ultra-Fine Particles <0.1 um in diameter, NA Not assessed

overlap between the period of exposure measurement
and that of outcome development. This might represent
a relevant risk of bias, especially for studies in which the
outcome of interest was wheezing evaluated in the first
few months/years of life.

Regarding the “Comparability” domain (supplementary
Tables 4 and 5), except for five studies assessing in utero
exposure [17-21] and two studies assessing exposure in

early life [17, 28] all the other studies adjusted for both
second-hand smoking and asthma predisposition, im-
portant potential confounders of the association between
exposure to traffic-related air pollutants and wheezing
and asthma. Five of 12 studies on pregnancy exposure to
air pollutants adjusted for exposure during early life [10,
12, 14~16] while only three of 16 studies on early life ex-
posures also accounted for it in their analysis exposure
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studies used models based on satellite data [12, 14—16,
18, 19, 28], allowing to obtain daily data and hence reli-
able exposure estimates in the first one or 2 years of life,
studies published before 2015 mostly considered an
average annual exposure estimated at the birth address.
Furthermore, in most of these studies, exposure models
based on air pollution measurements taken in different
sampling campaigns done during several periods of one/
two weeks and then averaged to represent annual mean
were used to assess exposure to air pollution at the birth
address, and this could represent a problem for the as-
sessment of a narrow exposure period like the first one
or 2 years of life.

As for children age at asthma diagnosis, a study by
Gehring et al. [29] aimed at assessing the longitudinal
associations between exposure to air pollution and de-
velopment of asthma, noticed that the effects of air pol-
lution on asthma incidence were larger after the age of 4
years, where asthma diagnosis is more likely to be made.
Though most of the studies in our review evaluating the
association between air pollution exposure in the first 2
years of life and asthma incidence followed children up
to school age, in some [14-21, 23, 27-34] a follow-up
and hence asthma diagnosis was limited to the first years
of life in all or in part of the subjects studied. This re-
sulted also in a partial overlapping between the period of
exposure and the development of the outcome. As
already discussed, this overlap is more critical for studies
that evaluated wheezing as an outcome. Interestingly, in
two [22, 24] of the three studies [22-24] that evaluated
wheezing phenotypes, there was an association between
exposure to NOx and persistent wheezing at 4 years of
life, a condition often associated with asthma.

Conclusions

Traffic-related air pollution during pregnancy in-
creases the risk of asthma development among ch
dren and adolescents. This is in line with studies that
considered lung function as an outcome. Also, in line
with part of the studies on lung function is the find-
ing of a susceptible time-window in the second tri-
mester of pregnancy which corresponds to a period
of intense airways development. We also confirmed a
relationship between exposure in the first 2 years of
life and asthma, although the time frame and hence
the relationship between air pollutants exposure and
asthma incidence needs to be further confirmed in
studies with more precise exposure assessment. This
is crucial for setting up more efficacious preventive
strategies. Few studies with inconsistent results are
available on the relationship between exposure to air
pollutants either in pregnancy or in the 2 years after
birth and wheezing development.
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Long-term exp to air p has been related to
lung function decrements in children, but the role of timing of ex-
posure remains unknown.

Objectives: To assess the role of long-term exposure to air pollution
on lung function in school-age children.

Methods: More than 1,900 children in the Swedish birth cohort
BAMSE were followed with repeated questionnaires, dynamic spi-
rometry, and IgE measurements until 8 years of age. Outdoor con-
centrations of particulate matter with an aerodynamic diameter less
than 10 pum (PMs,) from road traffic were estimated for residential,
day care, and school addresses from birth and onward using disper-
sion modeling. The relationship between time-weighted average
exposure during different time windows and FEV at 8 years was an-
alyzed by linear regression, adjusting for potential confounding fac-
tors, including short-term exposure to air pollution.

Measurements and Main Results: A 5th to 95th percentile difference
in time-weighted average particulate matter less than 10 pm in aero-
dynamic diameter exposure during the first year of life was associ-
ated with a reduced FEV,; of —59.3 ml (95% confidence interval,
—113 to —5.6) at 8 years of age. The negative association was
particularly pronounced in children concomitantly sensitized

AT A GLANCE COMMENTARY
Scientific Knowledge on the Subject

Long-term exposure to ambient air pollution has been as-
sociated with reduced lung function in children. However,
the role of timing of exposure remains unclear, as does
possible effect modification by allergic status and other
factors,

What This Study Adds to the Field

In this prospective birth cohort study, we found an asso-
ciation hetween traffic-related air pollution exposure during
infancy and decreased lung function in children up to 8 years
of age. Our results suggest stronger effects in children sen
sitized to common allergens. Early life exposure 1o traffic-
related air pollution seems to have long-term respiratory
consequences in susceptible groups, such as children with
atopy.

to commoninhalantor food allergens (—136.9 ml; 95% confid

interval, —224.1 to —49.7). Exposure after the first year of life
seemed to have less impact on lung function at 8 years.
Conclusions: Our results indicate that exposure to traffic-related
air pollution during infancy affects lung function in children up to
8 years of age and particularly in those sensitized to common inhal-
ant or food allergens.
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A considerable body of research has shown adverse effects of
long-term exposure to ambient air pollution on children’s respi-
ratory health (1-7). However, the evidence on lung function
effects seems inconsistent because some of the larger studies
reported no associations (8, 9). Heterogeneity in study designs,
exposure assessment, and spirometric measures used across the
studies may have contributed to the different results (10). Fur-
thermore, the impact of air pollution on lung function deve-
lopment in the context of concomitant respiratory symptoms
and sensitization has attained only limited consideration in pro-
spective studies. The Children’s Health Study from California
showed associations between community-average pollutant con-
centrations and diminished lung function development in
children aged 10-18 years (11). The observed effect remained
statistically significant in the subgroup of children without
asthma, but the children with asthma were too few for precise
risk estimation. A birth cohort study from Oslo indicated stron-
ger air pollution effects in children with asthma compared with
those without asthma. However, because of wide confidence
intervals (CIs) the findings have to be interpreted with caution
(1). Studies have demonstrated associations between traffic-
related air pollution and sensitization (12-16), but to our knowl-
edge, no prospective study has evaluated effect modification by
sensitization status on lung function effects related to air pollu-
tion exposure.
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Early exposure to ambient air pollution seems to be impor-
tant for respiratory effects in later life (6, 17-19). However, only
one prospective study has investigated different aspects of tim-
ing of traffic-related air pollution exposure in relation to lung
function (1). Recent data show that alveoli are formed not only
during early postnatal period, but also throughout childhood
and adolescence (20), which may contribute to age-related vul-
nerability. Tn addition, effects of long- and short-term air pol-
lution exposure have generally not been considered in the same
study. In the two cohort studies that included short- and long-
term exposure simultaneously, only the long-term effect remained
significant after adjustments (1, 11). There is a need for addi-
tional epidemiologic evidence on vulnerable time periods for air
pollution exposure, particularly during childhood, and on effect
modification by short-term exposure.

We have previously reported an association between expo-
sure to traffic-related air pollution during the first year of
life and lower peak expiratory flow at age 4 years in a Swedish
birth cohort, BAMSE (12). In the present study from the same
cohort, lung function data from extended follow-up to 8 years
arc analyzed together with effect modification by sex, allergic
sensitization, and asthma. Furthermore, assessment of several
time windows enabled evaluation of critical time periods of
increased susceptibility to the adverse effects of air pollution
exposure. Some of the results from this study have been pre-
viously reported in the form of an abstract (21).

METHODS

More details are provided in the online supplement.

Study Subjects and Measurernents

During 1994-1996, 4,089 new-born infants were recruited to the pro-
spective cohort study BAMSE (Children, Allergy, Milieu, Stockholm,
Epidemiological Survey) from four municipalities in Stockholm
County. A detailed description of the study design, enrolment criteria,
and procedures for data collection is provided elsewhere (22). Briefly,
data on background characteristics were requested in a questionnaire
at baseline (median child age, 2 mo). Questionnaires focusing on the
children’s respiratory health and allergic diseases, and on various
exposure factors, were completed at 1, 2, 4, and 8 years of age. The
response rates were from 96% and 84%, for the 1- and 8-year ques-
tionnaires, respectively. In addition, 2,630 children (64% of the original
cohort) attended a clinical examination at age 8 years including
maximum expiratory flow volume tests and blood sampling. Moving
out of the study area and unwillingness to participate were the main
reasons for drop out from the clinical follow-up. The m al values of
FVC, FEV,, and FEVy5 were used for analysis. In addition, we com-
puted FEV below 80% and 85% of the predicted value based on the
present study population and using age, sex, height, and weight as
predictors. Also, standard deviation scores for FEV, were calculated
taking age, sex, height, and ethnicity into consideration (23). The
Ethics Committee of Karolinska Institute, Stockholm, Sweden, ap-
proved the study.

The methodology for calculating individual long-term exposure to
local traffic-related particulate matter less than 10 wm in aerodynamic
diameter (PM,) and NO, has been described in detail elsewhere (13).
In short, the lifetime residential, day care, and school addresses were
geocoded, and time-weighted average outdoor levels for the different
time windows were calculated using emission inventories and a gaussian
air dispersion model. Short-term exposure was estimated using daily air
quality measurements and meteorologic data from urban background
and rural monitoring stations.

Statistical Analyses

Associations between air pollution and lung function were analyzed
using linear regression and results are presented as B values and 95%

Cls, Air pollution concentrations were entered as continuous variables
without transformation and the results are provided as change in lung
function per 7 pg/m? increase in PM;, concentration (corresponding to
the 5th to 95th percentile difference in time-weighted average concen-
tration). The final models were adjusted for covariates based on study
design or on earlier literature if they were shown to lead to more than
10% change in the B coefficient. Only municipality. sex, age, height,
and heredity for asthma or allergy fulfilled these criteria. To account
for possible influence by short-term effects of air pollution, we fitted
a model that adjusted for the average ozone and PM;, levels, temper-
ature, and relative humidity for lags of 1-3 and 1-7 days before each
child’s lung function test.

Long-term exposure time windows were defined as the first year of
life, 14 years, and 4-8 years. We explored the inclusion of several
exposure time windows simultaneously into the model, but because
of substantial collinearity the main analyses shown use models unad-
justed for the other time windows.

A total of 1,924 subjects (47%) were included in the analyses with
information on exposure, confounders, and lung function measure-
ments. All analyses were performed with STATA 11 software package
(StataCorp LP, College Station, TX).

RESULTS

Table 1 illustrates some main characteristics of the study pop-
ulation. The distribution of covariates was comparable among
all children in the cohort and those with lung function measure-
ments included in the present analyses. Furthermore, estimated
exposure levels were similar in children included in the study
and in those of the whole cohort. A description of lung function
and anthropometry data obtained at the 8-year clinical exami-
nation is given in Table 2. A total of 6.8% and 10.5% of subjects
with spirometric measurements had less than 85% predicted
FEV,; and FEVys levels, respectively, and approximately half
of these had less than 80% predicted levels.

Exposure to traffic-PM,o during the first year of life was
associated with FEV deficit of 59.3 ml (=113 to —5.6) in FEV,
and —62.4 ml (—113.7 to —11.1) in FEV,s for a 5th to 95th
percentile difference in time-weighted exposure. Similar effects
were seen for FVC, but not statistically significant. However, no
clear effects on lung function were seen in relation to air pol-
lution exposure after infancy (Figure 1). A sensitivity analysis
using FEV expressed as standard deviation scores confirmed
the negative effect of traffic-PM,, exposure on lung function
(P = 0.04). Further analyses suggested stronger effects in boys,
in those sensitized against any common inhalant or food allergens,
and in those with asthma, with deficits in FEV, of —79.6 ml
(—155.7 to —3.5), —136.9 ml (—224.1 to —49.7), and —90.6 ml
(—293.4 to 112.3), respectively (Table 3). However, the appar-
ent effect modification was not statistically significant (P = 0.35,
0.13, and 0.69, respectively). No association was seen between
sensitization per se and the lung function measurements (data
not shown).

We also analyzed effects at less than 80% and 85% of pre-
dicted FEV, and FEVs to determine whether exposure to air
pollution was associated with clinically important lung function
deficits. Strong associations were indicated between exposure to
traffic-PM,, during the first year of life and FEV less than 80%
and 85% of predicted. Corresponding odds ratios of 4.1 (95%
CI, 0.8-20.3) and 6.1 (95% CIT, 2.3-16.5) and 4.0 (95% CI, 1.2-13.1)
and 2.5 (95% CI, 1.0-6.3) were seen for FEV, and FEVs, respec-
tively (Figure 2). First year exposure remained significant after
adjusting for the other exposure time periods (data not shown).

Additional adjustment for temperature, relative humidity, ozone,
and PMy levels during 3-7 days before each child’s pulmonary
function test showed little effect on the estimates of the
long-term effects of air pollution (s¢~ Table F1 in the online
supplement).
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Figure 2. Association between first year of life exposure to traffic. PMyq
and FEV less than 80% and 85% of predicted. % pred = % of predicted
based on age, sex, height, and weight and interactions of sex with age,
height, and weight; Cl = confidence interval; PM; = particulate mat-
ter less than 10 pm in aerodynamic diameter. Odds ratios are calcu-
lated for a 7 pg/m? difference in PM;, level corresponding to a 5th to
95th percentife difference. Adjusted for municipality and heredity.

however, little influence of short-term exposure on the effect
estimates for long-term exposure on lung function. Similar find-
ings were reported from the California health study and Oslo
cohort (1, 11). Our study has several advantages, including its
combination of a prospective design; large number of partici-
pants; individual long-term exposure to air pollutants (incorpo-
rating their time-activity patterns); objective measurement of
lung function; evaluation of effect modification by sex, asthma,
or increased IgE levels to common allergens; and influence of
the short-term variation in air pollution exposure. In particular,
the exposure estimates for each study subject were obtained
from a time- and space-resolved dispersion model enhanced
by addition of street canyon contribution for addresses in the
most polluted street segments, and by including not only resi-
dential addresses but also addresses of day care and schools.

Some potential weaknesses of this study should be recog-
nized. One is that model calculations of PM;y concentrations
were only done for 2004 and extrapolated to the other years of
follow-up. The most important local source of PM,q in many
urban areas in Sweden is coarse particles resulting from road
surface erosion by cars with studded tires and sanding or salting
of roads in the winter (32). Because of the stable use of studded
tires in the Stockholm area during the study period, and traffic
load in the inner city, the emissions of PMq have not changed
substantially (33). Road moisture has a crucial impact on the
yearly variations of PM,, concentrations. Unfortunately, this
could not be taken into consideration because of lack of rele-
vant data (32). However, several validation studies have shown
good agreement between modeled and measured air pollution
concentrations (34, 35). Results were supported by analyses using
traffic-NO, as indicator, where the exposure assessment was
based on dispersion modeling at repeated occasions during the
observation period (13). This is expected because of the high cor-
relation between the two exposure measures.

Some misclassification of true individual exposure levels has
probably affected the results, especially because no indoor envi-
ronments were characterized and no individual time-activity data
were used. However, the errors in the assessments of exposure
and disease are most likely to be independent and making such
misclassification would thus be expected to weaken any true

associations. Imprecision in the lung function measurements pri-
marily results from its dependence on the children’s cooperation.
However, because one trained team examined all the children
using the same equipment and method of measuring, masked to
the exposure, such bias is likely unimportant. Selective participa-
tion is probably of limited concern because subjects in air pollution
studies are generally unaware of their precise level of exposure,
and lung function is objectively evaluated (36). We tested a com-
prehensive set of known risk factors for childhood respiratory
disorders with regard to possible confounding effects, including
socioeconomic status, home environment characteristics, mater-
nal smoking, and so forth, but none except those included in the
models showed clear confounding effect. Still, the possibility of
residual confounding cannot be ruled out.

To conclude, our results indicate that exposure to ambient air
pollution from traffic during the first year of life is associated with
lung function deficits in children up to 8 years, particularly in
those sensitized to common allergens.

Author disclosures are available with the text of this article at www.atsjournals.org.
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IARC: DIESEL ENGINE EXHAUST CARCINOGENIC

Lyon, France, June 12, 2012 - After a week-long meeting of international experts, the International

Agency for Research on Cancer (IARC), which is part of the World Health Organization (WHO), today
classified diesel engine exhaust as carcinogenic to humans (Group 1), based on sufficient evidence
that exposure is associated with an increased risk for lung cancer.

Background

In 1988, IARC classified diesel exhaust as probably carcinogenic to humans (Group 2A). An Advisory Group
which reviews and recommends future priorities for the IARC Monographs Program had recommended
diesel exhaust as a high priority for re-evaluation since 1998.

There has been mounting concern about the cancer-causing potential of diesel exhaust, particularly based
on findings in epidemiological studies of workers exposed in various settings. This was re-emphasized by
the publication in March 2012 of the results of a large US National Cancer Institute/National Institute for
Occupational Safety and Health study of occupational exposure to such emissions in underground miners,
which showed an increased risk of death from lung cancer in exposed workers (1).

Evaluation

The scientific evidence was reviewed thoroughly by the Working Group and overall it was concluded that
there was sufficient evidence in humans for the carcinogenicity of diesel exhaust. The Working Group
found that diesel exhaust is a cause of lung cancer (sufficient evidence) and also noted a positive
association (limited evidence) with an increased risk of bladder cancer (Group 1).

The Working Group concluded that gasoline exhaust was possibly carcinogenic to humans (Group 2B), a
finding unchanged from the previous evaluation in 1989.

Public health
Large populations are exposed to diesel exhaust in everyday life, whether through their occupation or
through the ambient air. People are exposed not only to motor vehicle exhausts but also to exhausts from

other diesel engines, including from other modes of transport (e.g. diesel trains and ships) and from power
generators.

Given the Working Group's rigorous, independent assessment of the science, governments and other
decision-makers have a valuable evidence-base on which to consider environmental standards for diesel
exhaust emissions and to continue to work with the engine and fuel manufacturers towards those goals.

Increasing environmental concerns over the past two decades have resulted in regulatory action in North
America, Europe and elsewhere with successively tighter emission standards for both diesel and gasoline
engines. There is a strong interplay between standards and technology — standards drive technology and
new technology enables more stringent standards. For diesel engines, this required changes in the fuel
such as marked decreases in sulfur content, changes in engine design to burn diesel fuel more efficiently
and reductions in emissions through exhaust control technology.

However, while the amount of particulates and chemicals are reduced with these changes, it is not yet
clear how the quantitative and qualitative changes may translate into altered health effects; research into
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this question is needed. In addition, existing fuels and vehicles without these modifications will take many
years to be replaced, particularly in less developed countries, where regulatory measures are currently
also less stringent. It is notable that many parts of the developing world lack regulatory standards, and
data on the occurrence and impact of diesel exhaust are limited.

Conclusions

Dr Christopher Portier, Chairman of the IARC working Group, stated that “The scientific evidence was
compelling and the Working Group’s conclusion was unanimous: diesel engine exhaust causes lung
cancer in humans.” Dr Portier continued: “Given the additional health impacts from diesel particulates,
exposure to this mixture of chemicals should be reduced worldwide.(2)

Dr Kurt Straif, Head of the IARC Monographs Program, indicated that “The main studies that led to this
conclusion were in highly exposed workers. However, we have learned from other carcinogens, such as
radon, that initial studies showing a risk in heavily exposed occupational groups were followed by positive
findings for the general population. Therefore actions to reduce exposures should encompass workers
and the general population.”

Dr Christopher Wild, Director, IARC, said that “while IARC’s remit is to establish the evidence-base for
regulatory decisions at national and international level, today's conclusion sends a strong signal that
public health action is warranted. This emphasis is needed globally, including among the more vulnerable
populations in developing countries where new technology and protective measures may otherwise take
many years to be adopted.”

Summary evaluation
The summary of the evaluation
on June 15, 2012.

appear in The Lancet Oncology as an online publication ahead of print

(1) JNCI J Natl Cancer Inst (2012) doi:10.1093/jnci/djs034
http://inci.oxfordjournals.org/content/early/2012/03/05/inci.dis034.abstract; and
JNCI J Natl Cancer Inst (2012) doi: 10.1093/jnci/djs035

hitp://jnci.oxfordjournals.org/content/early/2012/03/05/inci.djs035.abstract

(2) Dr Portier is Director of the National Center for Environmental Health and the Agency for Toxic
Substances and Disease Registry at the Centers for Disease Control and Prevention (USA)

For more information, please contact

Dr Kurt Straif, IARC Monographs Section, at +33 472 738 507, or straifk@iarc.fr;

Dr Lamia Tallaa, IARC Monographs Section, at +33 472 738 385, or tallaal@iarc.fr;
Nicolas Gaudin, IARC Communications Group, at +33 472 738 478, or com@iarc.fr;
Fadela Chaib, WHO News Team, at +41 79 475 55 56, or chaibf@who.int.

Link to the audio file posted shortly after the media briefing:
http:/iterrance.who.int/mediacentre/audio/press_briefings/

About IARC

The International Agency for Research on Cancer (IARC) is part of the World Health Organization. Its
mission is to coordinate and conduct research on the causes of human cancer, the mechanisms of
carcinogenesis, and to develop scientific strategies for cancer control. The Agency is involved in both
epidemiological and laboratory research and disseminates scientific information through publications,
meetings, courses, and fellowships.

IARC, 150 Cours Albert Thomas, 69372 Lyon CEDEX 08, France - Tel: +33 (0)4 72 73 84 85 - Fax: +33 (0)4 72 7385 75
©IARC 2012 - All Rights Reserved.
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IARC: Outdoor air pollution a leading environmental cause of cancer deaths

Lyon/Geneva, 17 October 2013 — The specialized cancer agency of the World Health Organization, the
International Agency for Research on Cancer (JARC), announced today that it has classified outdoor air
pollution as carcinogenic to humans (Group 1). '

After thoroughly reviewing the latest available scientific literature, the world's leading experts convened by
the IARC Monographs Programme concluded that there is sufficient evidence that exposure to outdoor air
pollution causes lung cancer (Group 1). They also noted a positive association with an increased risk of
bladder cancer.

Particulate matter, a major component of outdoor air pollution, was evaluated separately and was also
classified as carcinogenic to humans (Group 1).

The IARC evaluation showed an increasing risk of lung cancer with increasing levels of exposure to
particulate matter and air pollution. Although the composition of air pollution and levels of exposure can

vary dramatically between locations, the conclusions of the Working Group apply to all regions of the
world.

A major environmental health problem

Air pollution is already known to increase risks for a wide range of diseases, such as respiratory and heart
diseases. Studies indicate that in recent years exposure levels have increased significantly in some parts
of the world, particularly in rapidly industrializing countries with large populations. The most recent data
indicate that in 2010, 223 000 deaths from lung cancer worldwide resulted from air pollution. 2

The most widespread environmental carcinogen

“The air we breathe has become polluted with a mixture of cancer-causing substances,” says Dr Kurt
Straif, Head of the IARC Monographs Section. “We now know that outdoor air pollution is not only a major
risk to health in general, but also a leading environmental cause of cancer deaths.”

The IARC Monographs Programme, dubbed the “encyclopaedia of carcinogens”, provides an authoritative
source of scientific evidence on cancer-causing substances and exposures. In the past, the Programme
evaluated many individual chemicals and specific mixtures that occur in outdoor air pollution. These
included diesel engine exhaust, solvents, metals, and dusts. But this is the first time that experts have
classified outdoor air pollution as a cause of cancer.

“Our task was to evaluate the air everyone breathes rather than focus on specific air pollutants,” explains
Dr Dana Loomis, Deputy Head of the Monographs Section. “The results from the reviewed studies point in
the same direction: the risk of developing lung cancer is significantly increased in people exposed to air
pollution.”

IARC Monographs evaluations

Volume 109 of the IARC Monographs is based on the independent review of more than 1000 scientific
papers from studies on five continents. The reviewed studies analyse the carcinogenicity of various
pollutants present in outdoor air pollution, especially particulate matter and transportation-related pollution.
The evaluation is driven by findings from large epidemiologic studies that included millions of people living
in Europe, North and South America, and Asia.

! Please note that the summary evaluation will be published by The Lancet Oncology online on Thursday 24 October 2013
? http://www.iarc.fr/en/publications/books/sp161/index.ph
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IARC: Outdoor air pollution a leading environmental cause of cancer deaths

The predominant sources of outdoor air pollution are transportation, stationary power generation,
industrial and agricultural emissions, and residential heating and cooking. Some air pollutants have natural
sources, as well.

“Classifying outdoor air pollution as carcinogenic to humans is an important step,” stresses IARC Director
Dr Christopher Wild. “There are effective ways to reduce air pollution and, given the scale of the exposure
affecting people worldwide, this report should send a strong signal to the international community to take

action without further delay.”
For more information, please contact

Véronique Terrasse, Communications Group, or at +33 (0) 645 284 952 ;
or Dr Nicolas Gaudin, IARC Communications

The International Agency for Research on Cancer (IARC) is part of the World Health Organization. Its
mission is to coordinate and conduct research on the causes of human cancer, the mechanisms of
carcinogenesis, and to develop scientific strategies for cancer control. The Agency is involved in both
epidemiological and laboratory research and disseminates scientific information through publications,
meetings, courses, and fellowships. If you wish your name to be removed from our press release e-
mailing list, please write to com@iarc fr.

IARC, 150 Couirs Albert Thomas, 69372 Lyon CEDEX 08. France - Tel: +33 (0)4 72 73 84 85 - Fax: +33 (0472738575
©IARC 2013 - All Rights Reserved.
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ABSTRACT

Handling Editor: Marti Nadal
Keywords:

Childhood

Asthma

Traffic-related air pollution
Health impact assessment
Exposure assessment

Background: Asthma is the most common chronic disease in children. Traffic-related air pollution (TRAP) may
be an important exposure contributing to its development. In the UK, Bradford is a deprived city suffering from
childhood asthma rates higher than national and regional averages and TRAP is of particular concern to the local
communities.

Aims: We mman.mﬁn_ the burden of ng&—ccn asthma attributable to air pollution and specifically TRAP in
Bradford. Air were d using a newly developed full-chain exp model
and an existing land-use regression model (LUR).

Methods: We esti d childhood population exp to NOy and, by conversion, NO; at the smallest census
area level using a newly developed full-chain model knitting together distinct traffic ﬁw>.~d25< vehicle emission
(COPERT) and atmospheric dispersion (ADMS-Urban) models. We these with

and estimates from ESCAPE's LUR model. Using the UK incid rate for cl d asthma, met: Iytical
exposure-response functions, and estimates from the two exposure models, we estimated annual number of
asthma cases attributable to NO, and NO, in Bradford, and annual number of asthma cases specifically attri-
butable to traffic.

Results: The annual average census tract levels of NO, and NOy estimated using the full-chain model were 15.41
and 25.68 jg/m?, respectively. On average, 2.75 jig/m® NO, and 4.59 ug/m® NO, were specifically contributed
by traffic, without minor roads and cold starts. The annual average census tract levels of NO, and NO, estimated
using the LUR model were 21.93 and 35.60 pg/m®, respectively. The results indicated that up to 687 (or 38% of
all) annual childhood asthma cases in Bradford may be attributable to air pollution. Up to 109 cases (6%) and
219 cases (12%) may be specifically attributable to TRAP, with and without minor roads and cold starts, re-
spectively.

Conclusions: This is the first study undertaking full-chain health impact of TRAP and childhood
asthma in a disadvantaged population with public concern about TRAP. It further adds to scarce literature
exploring the impact of different exposure assessments. In conservative estimates, air pollution and TRAP are
estimated to cause a large, but largely preventable, childhood asthma burden. Future progress with childhood
asthma requires a move beyond the prevalent disease control-based approach toward asthma prevention.

AD,

ADMS-Urban, di

England and Wal

modeling system; COPERT, COmputer Programme to calculate Emissions from Road Transport; E&W,

ESCAPE, Es_x% Study of Cohorts for Air Pollution Effects; GIS, geographic information systems; HIA, health impact assessment; IMD, Index of Multiple

privation; LUR, land-use
sir pollution

fraction; RR, relative risk; SATURN, simulation and assignment of traffic in urban road networks; TRAP, traffic-related
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H. Khreis et al.
1. Introduction

Asthma is a chronic disease of the air passages leading to and from
the lung, and is a condition that is often cited as Em most common
chronic disease of childhood (G
). A recent meta-analysis mrosam statis-
tically significant mxuoWE.m._‘muva:mm relationships between traffic-re-
lated air pollution (TRAP) and development of asthma in children from
birth to 18years of age (Khreis et al, 2017¢). The public health re-
levance of these relationships is largely unknown and the impact of
TRAP exposures on the burden of childhood asthma is poorly docu-
mented. Due to the ubiquity of TRAP and the number of exposed
children, the relatively small individual risks of TRAP-associated
asthma could translate into significant public health impact.

Little work has been undertaken to estimate the burden of childhood
asthma attributable to TRAP. Only four published studies, coming from
the same research group, quantified the number of prevalent asthma
cases attributable to TRAP ::.:;

2). The fourth study was
noun_:nnmn_ i 10 mE.oumm: cities (Pe )13). All four studies
estimated the impacts of exposure to TRAP, characterized by proximity
to major roadways, on asthma prevalence in children between birth and
18years old. These studies suggested that 6% to 14% of prevalent
childhood asthma cases were attributable to TRAP exposures; as char-
acterized by traffic proximity (Table §1).

Despite pioneering in studying asthma as an outcome in the burden
of disease assessment of TRAP, these studies relied on residential
proximity to major roadways as the TRAP exposure metric. Proximity to

are the preferred exposure assessment method, but since it is often not
possible to measure air pollution exposures for the large populations
included in health impact and most epidemiological studies,
many rely on less costly and more E.wnnn»_ Eon_m::m approaches. Land-
use nmmﬂmmﬂo: (LUR) (i

Bo&m::m methods used to obtain air pollution exposure estimates for
relatively large areas and number of people.

These two exposure modeling methods are fundamentally different
and vary in their spatial and temporal resolution, specificity to traffic
and advantages and disadvantages (
AD models rely on mathematical formula and an understanding of
underlying emission and dispersion processes to estimate air pollution
exposures (i 2015). On the other hand, LUR is an em-
pirical method that uses least squares regression to combine air pollu-
tion measurements with geographic information system (GIS)-based
predictor variables which reflect pollutant sources (for example, road,
traffic and buildings density, green space etc.). The practical and policy
advantage of AD modeling is that it allows for easier estimation of the
contribution of different sources, such as traffic, to air pollution ex-
posure estimates. On the other hand, the true contribution of traffic to
the regression in LUR models is not always known or reported (I

number of E:E—Son_ asthma cases in mnmnmoa UK, attributable to air
pollution, and specifically to TRAP. In the full-chain health impact as-
sessment model, we combined four distinct models of traffic, emission,
AD and health impact assessment (HIA), which covered the full-chain
from the source of air pollution to the health impacts (Fig. 1). We then
compared the burden of disease estimates obtained using the full-chain
model with those obtained using exposure estimates from a LUR model,
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instead.
2. Methods
2.1. Setting

The study was set in Bradford, a city in the North of England, with
an estimated 534,300 inhabitants (C
District Council, 2017). Bradford's uovEmﬂou :mm a notably different
structure from other cities in England and Wales (E&W) with more
people under the age of 16 (Bradford has 22.6% whilst E&W have
18.7%) (i 12). Based on the British government's residential
area Index of _ScEEm Deprivation (IMD) (FSRI, 2017) and considering
factors like income, employment, education and health deprivation,
crime, barriers to housing and services and living environment depri-
vation, Bradford is one of the 10% most deprived local authorities in the
UK, with significant mmv1<wn.5= discrepancy between the different
). The major sources
of air pollution in the Emc.:u _.5<m been ﬁmucmma as regional rural
concentrations, traffic, industry, and domestic, institutional and com-
mercial space heating. Less important sources include point sources,
rail, and aircrafts (De nd Ru
2010).

The work presented in this paper is part of ongoing work in
Bradford assessing the emissions and air quality profile in the district
and the associated childhood health effects and population-based im-
pacts. The analysis year was 2009; when the LUR model and the traffic
model used to construct the AD model were available.

2.2, Health impacts assessment framework

The HIA followed classical HIA methodology combining informa-
tion on exposure estimates, baseline incidence rates of the outcome of
interest and meta-analytical exposure-response functions (Mueller

NO, and NO, were the exposures studied and were estimated using:

® an existing LUR model and
® a newly developed AD model.

To validate and enhance the AD model's estimates, we used in-
formation gained from measured NO, data from the ESCAPE project
12), as will be described next.

2.3. Land-use regression model

The first set of exposure estimates were derived using NO, and NO,
LUR models which were developed in m:»&oa as part of the ESCAPE
project (Furopean Study of Cohorts
These models were based on NO, and NO, measurements at 41 m:mm
across Bradford, using Ogawa passive samplers (www.ogowatsa.com).
The passive lers were administered & 1 June 2009 and 15
December 2009 and contained two collection filters, one for sampling
NO; and the other for NO, (Cyrys

The measurement sites were classified into regional background
(n = 2), urban background (n = 24) and traffic sites (n = 15) (1
and
periods, with each period representing a different season namely the
warm, cold and intermediate seasons. The measurements were adjusted
for temporal variability using measurements obtained from a reference
fixed-site monitoring station which was operated all year around (.

i, 20125 B a 013).

The summary statistics of the adjusted made at the
41 sites are shown in 1. The cross-validation R’ of the NO, and
NO, LUR models were 0.88 and 0.80, respectively, and a full validation
description has been reported elsewhere (1 2013). The final
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® AM peak,
o inter-peak and
® PM peak.

For all hours outside the simulation periods, a scaling factor from
traffic flow observations at the 19 validation automatic traffic counters
was developed and applied to estimate an average diurnal traffic profile
K . 2017b). The estimated traffic flows were split into dif-
ferent vehicle classes using Ncou mB_.iE.n_ fleet compositions in Urban
m.umumnm (Nati Inventory do
nd [ 2014). The Bradford's SATURN model AM
vmsw ‘simulated actual flows and net speeds are shown in Fig. S1 and
Fig. S2.

et a

2.4.2. COPERT NOx exhaust emissions

NOy emissions were estimated using NO average-speed-emission
functions from the COPERT 4 version 10.0 emission model mmv_.mma.
sheets are freely available at:
tra »rt). Based on Urban England's Noco fleet compositions, there
were 167 licabl d functions that were
sourced and coded onto an mxrm_ dsh In this dst the
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the ADMS-Urban model used the provided time varying emission fac-
tors (Fig. S3) to multiply the entered AM peak hour emission rates at
each road link by the appropriate factor, as specified for each hour.

The model was used to estimate annual 2009 average NO, con-
centrations only. NO, concentrations were not directly modeled in
ADMS-Urban, mainly because Ozone background concentration data,
which are required to run the Chemical Reaction Scheme module
Environmental 10), were not
available for Bradford.

2.4.4. NOx background data

To account for air pollution concentrations originating from all
sources other than road traffic, annual (2010) average background NO,
concentrations were added to the ADMS-Urban modeled NO, estimates.
These concentration values were obtained from a national modeling
study by the UK Department for Environment, Food and Rural Affairs
(DEFRA) on emissions sources like industry, rail, domestic and aircraft.
The NO, concentrations were spatially varying values, Boan_mn at
:a: X 1km grids (F ;' tment for Envi ood
2016). The varying NO, background naanm:nnwzcau were

d.

user can enter the SATURN link-based average traffic speed (km/h) and
traffic flow (vehicles/h) under each vehicle type (for example, a EURO
4 diesel passenger car) so that its NO, emission factor (g/km) is cal-
culated.

The link-based NO, emission rates in g/km were converted into g/
km/s, using a time conversion factor (1h/36005) to align with ADMS-
Urban input requirements. This process was undertaken 48 times cor-
responding to the 24h in an average weekday and the 24h in an
average weekend; using the weekday and weekend hourly traffic flows

2014). .;m AM, inter-peak
and PM peak speeds, as mmn::wﬁn_ by nrm SATURN model, were directly
used to calculate emissions at those three time periods. For all other
hours outside the SATURN's simulation periods (for which no speeds
existed), the inter-peak speed was used.

The emission contribution of the specific vehicle categories has been
verified and reported in detail in a another paper dealing with the
impacts of using different vehicle emission factors on local emission
inventories . 2017b): 21% of all traffic NO, came from
petrol passenger cars, 26.5% from diesel passenger cars, 17.1% from
light goods vehicles, 18.5% from heavy goods vehicles and 16.9% from
buses and coaches.

2.4.3. ADMS-Urban set-up and runs

The ADMS-Urban model required input data on the modeling site
and meteorological conditions. The inputs used in this model are given
in Table S2 and are compared to the model's default values (
I 10). The meteorological
data was hourly sequential and was obtained from the Bingley Samos
weather station, which was at a distance of 9.7 km west-north from the
city center (Bradford City Hall) (meto gov.uk, ND).

Road source emission rates from the 4500 available road links were
entered into the ADMS-Urban model. The ADMS-Urban model only
allowed for one road source emissions dataset from one period (for
example, AM peak) to be entered directly in a single model run. As
such, it was not possible to enter the 48-hour weekday and weekend
estimated emission datasets to be modeled at once. Instead, the AM
peak hour was the hour selected to be directly entered in the model's
run and an additional modeling option wqu@:ﬁ time varying emission
factors was used (Canr
2010). The time varying emissions _‘ovqmmg"ma the differing traffic
tlows and associated emissions across the different hours of an average
weekday and the weekend (Fig. $3). During the dispersion simulations,

ed more realistic than using a constant background con-
centration (i.e. one value) across the whole city, as often used in other
studies. In work reported elsewhere (i 1174), we also va-
lidated the AD modeled NO, estimates twice; once complementing the
AD estimates with the varying NO, background concentrations de-
scribed above, and once I ing the AD with a con-
stant urban background concentration of 38.4 ug/m? as measured in
the ESCAPE campaign (Table 1). Our results suggested that, overall,
using the varying NO, background concentrations resulted in better
model performance, and as such, Bmmm varying estimates were used in
our final models and analyses (Kh ).

The <E.<Sm NOy background concentrations S:wma from about 8.5
to 71 pg/m®, with an average of 14.73 ug/m® (1 2). These con-
centrations originated from the following sources: industry, domestic,
aircraft, rail, point sources, rural sources and “others”, as described in
more detail in Dep
(2016) and as mzaﬁﬁ_umn_ in Table §3.

We excluded all the traffic sources from the final NO, background
concentrations used, to avoid any double counting of TRAP. The traffic
sources excluded were motorways, trunk A roads, primary A roads and
minor roads and cold starts, as detailed in Table §3. The exclusion of
minor roads and cold starts, however, may result in a worse perfor-
mance of the AD model as these sources were not explicitly included in
the SATURN traffic network which was focused on main and strategic
roads. As such, we further explored the impact of adding minor road
and cold start concentrations to the AD estimates in a sensitivity ana-
lysis (Table S3).

2.4.5. NO, to NO, conversion data

In this study, the final AD modeling estimates of NO, concentrations
were converted to NO, concentrations using the average NO,/NO, ratio
of 0.60 (range = 0.39 to 0.75), as calculated from local ESCAPE's
measturements in Bradford in the same year of analysis (2009) ("
and 2). This average ratio was consistent with the average ratio of
0.59 calculated for the whole of the 36 European study areas in the
ESCAPE project and with ratios in English cities like Manchester (0.58)
and London/Oxford (0.58) (Cyrys et 2012).

2.4.6. Validation

The AD modeling estimates were validated against the ESCAPE
measurements ( : 1). Excluding two influential outliers, a good
correlation was found (R? = 0.60) and the validation was reported in
detail elsewhere (| However, the AD model un-
derestimated NO, at 36 out of z._m 41 ESCAPE sites by between 3.7% to
71.1%; or on average by 23.5% (12.3 rm\-: NO,) across all ESCAPE
sites (Fig. $4).

H. Khreis et al.

This under estimation, in big part, was likely due (o under estima-
tion in the traffic-related component as 15 of the 36 sites where an
under estimation was recorded were traffic sites where NO, was un-
derestimated by about 32%, 20 were urban background sites, where
NO, was underestimated by 24% and one was a regional background
site, where NO, was underestimated by < 10%, on average (Table S4).
The key reasons behind this under estimation were thought to be the
unrealistically low vehicle emission factors, the underestimated
SATURN traffic flows at smaller/lower-level roads, disregarding the
impacts of road gradient on vehicle emissions and the impacts of street
canyons and terrain on air pollution concentrations. Further, the ex-
clusion of many minor roads in the Bradford's SATRUN traffic network
may have led to under estimation of NOy, but this latter point was
specifically explored in sensitivity analysis.

2.5. Geographical resolution of analysis

2.5.1. Exposure estimates

Both the AD and LUR models were used to estimate NO, and NO,, at
46,452 specified output points (X, Y pairs) throughout the city, cov-
ering a box of =40 x 33km. Each specified output point was the cen-
troid of a 100m x 100m grid. At each 100m X 100 m grid, the cen-
troid's NO, and NO, estimate, from the two models (AD and LUR), was
applied to whole 100m X 100 m grid and raster air pollution maps
were developed with a resolution of 100 m x 100 m. This process was
undertaken in ArcMap version 10.4 using the Point to Raster conversion
tool.

2.5.2. Census data

In terms of census population, the “output area” was the lowest/
smallest wmownmvEn& level at which census data was provided ( 2)
(c for N is 2016). This was the geographical level
used to assign childhood population data (birth to 18 years old), ex-
posure data, population attributable fraction and attributable number
of asthma cases (see next).

The 2011 census data were used as these were considered more
compatible with the 2009 exposure estimates than the 2001 census
data; the only other dataset available. The characteristics of Bradford's
output areas are shown in Table 2. There were 1528 output areas in
which 143,472 children, aged 0 to 18 years old, lived.

2.5.3. Intersection between exposure and census maps and excluded data

Each output area was intersected with the raster air pollution maps,
produced by the AD and the LUR models and complemented with the
background NO, concentrations. The 100 m X 100 m raster cell values
contained within each census output area were averaged, resulting in
one average annual air pollution estimate at each output area. This
process was undertaken Geospatial Modelling Environment suite ver-
sion 0.7.4.0. using the “isectpolyrst” (intersect polygons with raster)
tool.

There were 156 output areas where there was no intersection be-
tween the raster air pollution maps and the output areas' boundaries
(Fig. 2). The reason behind this was that the air pollution maps, from
both the AD and the LUR models, covered a lesser extent than the
census maps, as no traffic and other necessary GIS-based predictor
variables were available for the whole area that was covered by the
census. These 156 output areas, where 10,089 children, or =7%, of all
children lived, were excluded from the analysis. This exclusion under-
estimates the burden of childhood asthma attributed to air pollution in
Bradford but does not affect the percentage of attributable cases re-
ported,

2.6. Baseline childhood asthma incidence rates

The incidence rate of asthma in children from birth to 18 years old
in Bradford was not found in the peer reviewed or the grey literature. As

370
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Table 2
Characteristics of Bradford's census output areas.

Number of total output areas 1528 output areas
Output areas excluded 156

Total number of children in all output areas (birth-18 y.0.) 143,472 children
Total number of children in excluded output areas 10,089 children

(birth-18y.0.)

Average number of children in all output areas 94 children
(birth-18y.0.)

Minimum number of children in an output area 3 children
(birth-18 y.0.)

Maximum number of children in an output area 468 children
(birth-18y.0.)

Percentage of children <6 years old (pre-school age) in all 44.7%
output areas

Percentage of children > 6 years old (school age) in all 55.3%
output areas

Average area of all output areas (m?) 239,802

Minimum area of an output area (m*) 3817

Maximum area of an output area (m?) 15,395,650

such, the national incidence rate of nEEroon asthma (birth to 18 years
old), as reported by Pu ) in the UK, was used
instead. - This equaled 137 clinician-diagnosed asthma cases per
10,000 person-years, by the age of 18years, as identified for 43,473
children indexed in the General Practice Research Database.

We, however, found another Bradford specific publication, where
) identified asthma, based on diagnostic and
prescription codes in the primary care database, for 13,734 children
ages 0 to 7 years old, participating in the Born in Bradford cohort
)13). Using the data reported in this paper, we calcu-
lated an mmnriw incidence rate of 123 per 10,000 person-years, by the
age of 7 years. However, and as the authors note, this figure is likely to
be conservative due to diagnosis difficulties in this younger age group
mnmn_moa is :..n_mmm known to have childhood

. Hence, I
i) also established another cEnan »m::mn “wheezing disorders
based on treatment” which identifies the existence of at least two drug
prescriptions indicated for the treatment of asthma, a minimum of
1week, and a maximum of 12 months apart. Based on this definition,
an asthma incidence rate of 442 per 10,000 person-years, by the age of
7 years, was calculated.

Both incidence rates calculated from data reported in M|
et al. (2015) were used in sensitivity analyses to explore the influence of
the background incidence rates in the HIA assessment (it 2).

2.7. Exposure-response functions

Exposure-response functions for the association between exposure
to air pollution and the subseq devel of childhood asthma
from birth to 18years old were extracted from random effects meta-
analyses undertaken by The NO, exposure-re-
sponse function was based on mc studies and equaled 1.05 (95% CI,
1.02, 1.07), per 4 pg/m> NO,. The NO, exposture-response function was
based on 7 studies and equaled 1.48 (95% ClI, 0.89, 2.45), per 30 pug/m°
NO,. More information on the derivation of these exposure-response
functions can be found in the original paper ( 2017¢).

It is worth noting here that the studies included in the underlying
meta-analyses did not adjust for co-pollutants. As such, the numbers of
asthma cases attributable to NO, and the numbers of asthma cases at-
tributable to NO, we estimate should not be added up, but instead
should be viewed as independent estimates of the potential impact of
traffic-related air pollutants on childhood asthma burden.
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The previously v:v ished studies (Perez

. 2), despite ?o:om.::m in
studying asthma as an outcome in TRAP burden of disease assessment,
had limitations which we addressed in the present work. First, previous
studies relied on residential proximity to major roadways as the TRAP
exposure metric. Proximity to major roadways is a crude exposure
measure which cannot provide information on the impacts of specific
sources and actual p and lacks consideration of significant
local emissions and dispersion processes that might have great influ-
ence on m:. uc:::o: levels and m:vmnacmnn human exposures (Beevers
2017). Indeed, proximity
models were previously shown to result in exposure misclassification,
as compared to LUR models (Ryan

Second, the exposure-response function Emn_ in previous studies was
sourced from an individual study rather than a meta-analysis (ie. a
pooled estimate). This may be argued as unmmm_mem in the Southern
Californian studies (Kiir erez et
2), where the use of a location- mnmn_mn expostire-response ?uncon
lculate a location-specific attrib fraction is appropriate.
However, in the European-wide study, the use of an individual U.S.
study's exposure-response function for a European population is less
13). The use of the single study's exposure-
response estimate also resulted in large statistical uncertainty around
the estimated burden, but at the time, there were no meta-analytical
exposure-response functions that could be used.

Third, uncertainties in the health impact estimates due to un-
certainties in the exposure assessments and the underlying baseline
childhood asthma incidence rates have not been examined. These are
important issues (i Chreis et al., 2017¢), especially in the
context of childhood asthma, but are generally issues that are under-
explored in the literature.

Finally, these previous HIA studies examined prevalent asthma ra-
ther than incident asthma and therefore did not give indication of how
many cases could be avoided, if for example TRAP was reduced or
eliminated.

In this study, we used highly resolved modeled estimates of NO, and
NO for the HIA. We specifically explored the contribution of traffic to
the overall levels of these pollutants and associated health impacts.
Furthermore, we used newly generated exposure-response functions
combining information from studies specifically focused on TRAP ex-
posures as a risk factor for the development of subsequent childhood
asthma, the strengths and applicability of which have been described in
full elsewhere (ihr ). We used asthma incidence rather
than prevalence rates and mm<m an indication of the impacts of:

to

1. using national versus local baseline childhood asthma incidence
rates with differing underlying asthma definitions;

2. using exposure estimates from two different and commonly used
exposure models: a LUR versus an AD model;

3. including versus excluding minor road and cold start concentrations
in the exposure and HIA assessment.

4.3. Strengths

This study has strengths and limitations as follows.
This is one of the very few studies undertaking full-chain HIA as-
sessment that considers the full-chain from exposure source (vehicle
emissions), through pathways (air pollution and exposure levels) to
health impacts (development of childhood asthma) (Niew

H. Khreis et al.

Further, this work adds to the literature by exploring the differences
between estimated health impacts associated with AD models' and LUR
models' exposure estimates. The attributable burden resulting from the
use of the LUR models was 6% to 9% higher than that estimated with
the full-chain model, in the main analyses (Table 4), However, when
the AD model was complemented by minor road and cold start con-
centrations, the burden resulting from the use of the LUR models was
only 2% to 3% higher than that estimated with the AD model (Table 5).
Considering the fundamental differences between these two models

N 7), this result could be viewed as a
very good wmummami We believe this agreement may be further im-
proved by addressing the overall under estimation of NO, by the AD
models. The relatively good agreement between these two models is in
line with the scarce literature showing similar HIA estimates when
using LUR and AD models' exposure estimates (

eda

Another key strength of the current study is the use of meta-ana-
Iytical exposure-resp: functions to esti the attributable health
impacts (K! J17¢). Meta-analytical exposure-response
functions are recommended in burden of disease and health impact
assessments (Ni 7), are more precise than single
study estimates ( 09) and are considered more general-
izable and arguably preferable in this study area where no local ex-
posure-response functions for Bradford's population are n::.nuﬁq
available. Further, the use of the met: lytical

functions derived in this study allowed exploring the specific :,:wwna of
different pollutants, something which was restricted by the lack of
pollutant-specific exposure-response functions in the past.

Both NO, and NO, here are perhaps best viewed as signatures of
TRAP and interpreting the estimated impacts as a certain pollutant's
impact is not possible as NO, and NO, are highly correlated with other
pollutants, and each other, in traffic exhaust (i
Further, whilst the studies included in the underlying meta- wbw_ﬁa
controlled for key potential confounders, an important limitation was
the lack of adjustment for co-pollutants (i< .
makes a distinction of pollutant-specific effects not possible. As such,
the numbers of cases attributable to NO, and NO, we estimate in this
study should not be added up, but instead viewed as independent es-
timates of the potential impact of TRAP on childhood asthma. We are in
the process of repeating this analysis using other pollutants including
particulate matter and black carbon, which should shed more light on
the importance of pollutant selection in similar BoD assessments. A final
addition of this work related to the sensitivity analyses conducted to
demonstrate the impact that different baseline asthma incidence rates
have on the burden of disease estimates. This issue has not been ex-
plored in previous literature and, as shown here, the impacts of the
baseline incidence rates were significant. These impacts are particularly
relevant as underlying asthma incidence rates are uncertain, partly due
to difficulties in asthma diagnosis and assessment, in addition to the
poor consensus on the definition of asthma (i
2017). The relevance of nrmmm n__mn_.m:umm to
policy mmnaE: making would be significant if the estimated burden of
disease was transformed in monetary values to inform the health ben-
efit-risk tradeoff of public policies. Similar work has been reported in

eis et

nh

Z

4.4. Limitations

This study also has its limitations. The key limitation of this work is

Environment International 114 (2018) 365-375

which we still believe is underestimated.

The under estimation we report is likely due to the unrealistically
low vehicle emission factors from the COPERT model, the under-
estimated SATURN traffic flows at smaller/lower-level roads, dis-
regarding the impacts of road gradient on vehicle emissions and the
impacts of street canyons and influential terrain on air pollution con-
centrations. Further work in these areas is needed to improve exposure
and the associated burden of disease estimates.

Few if any peer-reviewed studies have specifically reported on the
contribution of traffic to the overall NO,/NO, levels. Yet, the under
estimation in the AD model is not new and many studies in the litera-
ture document similar trends, showing that ADMS-Urban can under-
estimate NO, concentrations ww up to 59% (I

In the context of the :ﬁ—.wEHn and relying on measturements from
ESCAPE, we did some further exploration of what the impacts of TRAP,
in particular, may be, if these levels were not under estimated. We
showed that the impacts could be considerable, taking the estimates
from 12% (Ta 5) up to 24% (Table 6). This exercise was clearly
hypothetical and did not consider the different population-weighted
exposures from the different models, but it is likely to give a more
realistic picture of the impacts of TRAP exposures on the burden of
childhood asthma.

Another limitation relates to the use of exposure estimates averaged
over the census tract level. Generally, HIA assessments draw on ex-
posure proxies (for example, census tracts average exposure) that
cannot fully capture the actual exposure variability in the population
(Mueller, 2017). Exposure variability may be due to the population
mobility as it is unknown whether the population studied spend most of
their time in their residential census tracts or elsewhere, or due to the
high variability in air pollution levels within the same census tracts
themselves. This may further lead to exposure misclassification
and distort estimated health impacts.

Finally, NO, was generated by conversion of NOy levels resulting
from the AD model. This is a simplistic procedure which may result in
further exposure misclassification as the spatial variability of NO, levels
due to spatial variability of primary NO, sources is concealed.

5. Conclusions

This study provides the first full-chain HIA of TRAP and childhood
asthma; using met: lytic and poll pecific exposure-response
functions and considering the full-chain from exposure source, through
pathways to population health impacts. The burden of childhood
asthma attributable to air pollution is poorly documented in the lit-
erature. We add to this evidence base demonstrating that between 18%
to 38% of all childhood asthma cases in Bradford may be associated
with air pollution. We show that this magnitude depends on the pol-
lutant and the exposure assessment method selected. The results of the
full-chain model were likely to be an under estimation the impact of air
pollution, especially the impacts of TRAP, which might have been sig-
nificantly underestimated. This under estimation is mainly due to the
combination of low vehicle emission factors, not including road gra-
dients and influential terrain elements, overestimated speeds and the
exclusion of many minor roads in Bradford. Further work to improve
the accuracy and real-world representation of traffic, emission and AD
models is needed and will further refine the burden of disease estimates
and their utility in policy and decision making.

Using ESCAPE measurements at
aaffic and urban background
sites and DEFRA background map
Using COPERT-based dispersion
modeling including DEFRA

@
3 w & . Such assessment is important for policy decision making that air pollution due to traffic is likely to have been underestimated
-] BE g as it gives indication of the contribution of different sources and can and therefore the contribution of air pollution due to traffic to the at-
& g g P
5 2 E § inform effective mitigation policies. In this work, an explicit quantifi- tributable asthma cases is likely underestimated as well. We were, Acknowledgments
5| 8d ER 8
28 m @2 2 cation of burden of disease attributable to the traffic component of air however, fortunate to have the ESCAPE measurements and modeled
& m_ 2 m ~ ZEw © £ pollution was given, as the use of the full-chain model allowed to data for validation and adjustment. We further rerun the analyses We thank Natalie Mueller and David Rojas-Rueda for their feedback
“& g m 3 m m m specifically attribute the estimated health impacts to traffic, and even to complementing the AD estimates with minor roads and cold start and useful comments on the burden of disease assessment. We are also
g2

minor roads' traffic and associated cold starts in the sensitivity analysis. concentrations and give insight into the potential range of impacts, thankful for Marta Cirach for her prompt support with GIS.

373 374



“aQupAIY PUY PIOJPRIY STIN “Anung

IS0, 2307 AIRUILL SOWYISY T LOZ 4 'AIOIEAISGO ILIH DG KU PUL DIIHIOL
"OLETLE

r .E:E. Uy APIs LOGOD AP 0aYAE

‘e, jopapgly uoaAuy |
Y eI Jo quamdoRAap put :a::z:._ an
“H EIN L o

u:::g

Sopmery " “Aajaye "N ‘uosue) 1y ‘edogg :LE::. 4 ouey z IS 0 WEM
€T 10600 Bui YR, PO TuaWLEISsE WIDPOW -NYNLYS TRAT U 191]) ue
AL PUR DACDE SAANC DS YAIWT ACMUBI PUR Jd '6O0T S DAVHD sa1aRg 101G
“699-899 '(6) § "Pa ndsay | ,::J “unfoe Joj =_= 2_ 51 mOu

aeafn sy Adsundiawa vy

AAIDJUOD UOHNJOJ LY Pur JodSuRLL [PUONELIILL 0T 5
PUR SYUFY LOUS 01 PO [HAJOD quogddy jo s
U SOULORZING Y 0asun) B HIOA S 0[o))

“§L2 'GT1 radsiag
sauffag asn
¢ Koo
1 iy
AuRussIaR R el e g

“pQ Msuag i Aosp AT i SOMBIY
HOT-00T "6k U uozpauz Ap)

uuedaiat RueEIRg Japva
03 BRI “ZTOT V1Y UISINUIMIAIN O OPIXIRL Y ‘F[9TN AP ] ‘Epany
GRA=284 ' (P) STT 1000810 QIRAL UONAUTT HOY0 QU SV g

40 Apnis dn-mayjog aagaadsosd v ixas puv ‘siuean Ajjweg (ngssans AR muaid dq
HoROIpON 1aa enualod pui aft 1o sk p e swoiduwss 2._:.:5  uonnyjod
¥ PR 0) axnsodxa ARER ‘410z V1 wopy - W o

“GOG-p6G ‘Zp ' A1dERY g “(Homau s_ov_m_zs 5
W Sompros-siau o _r_.:s Ao
"0 ‘pueinog

g | zpang
6191 021 ‘1aadsing

21yRA U pue Judwdof@aap ueqn 1edwod | uim-
Hurdopaap 1og suonwaf(du ST pooypliyy pu :o:::?. ::s_:é
PUUGI N U 3,.22:..2 1oiseq

pue S2a1¢) uo; pros §o vospedwon pooz " sadey
“(VO) vaay IdING 910z "0 "SEHS [
“TL-19 'E01 UL "UOIAUY 5P YDITIGS PU MOIADI © ¢ 1
Bupuueyd jaodsuea puv uequn jo juawssassi prduwy yieay aspenuenh Loudipieg
"LLOT 01 ‘epany-sefoy “N IDIONIA “H 'HIBUILBA “H SI2IYN TN ‘WIsnyuamnaly
VSN ‘Ssaad AISIDAN pIUIXO
y aunsodxy ‘5107 "W VasfinyuamnaN

[euaneN - (£10g aseq) suonanafosg uopsoduion 19911 AAYIA B1OT VY
“Qusuioaaug pue L2109 opaeany ‘1w VN A pudsouny feuopen
96-68 ‘SZ1

10 JuaNiss _;_s Suuneid podsuen
PuR URGIA “ZTOT (1 ZOURIEN “I4 'U0SED VY IAISRION () Za[auon-aneueg
0 PURAPRG 1, SRIINH-A[00 “I ara UX BuwBuseg “q ‘Bpamy- :.:E z .a:si_

WA 110107 paojprig vl useg o woay sfurpay
mord puy gRIaM YIag Jo K9A GTOT YO MO 0N .‘33:_:1‘_ L/
*9890100 ‘9 wad) rg “Spms asun

v ipeay aaoxdun wap suonuaszayat Kb o jo sigavaq pur 9sea aip Supsasew
o) yavosdde qd v 910z ' y-sefoy I Drowysy .A_E:sEu
1 'sadoogy L ‘PuMIiof g ‘eateg i aBi0aBapy s ‘sauap g p s
“G81-641 ‘61 ABojoruapidy “suonegss u_;u

S PUR ASUASD AWOIYD Y10q ISR 01 PAUmEse aunsodxa 10 [apotw ysu a|gmngin
AT UY BOOT Y [PUNORIN i 'PIOJUR Y LK i uuedm

60Z-861 0T
ey agqnd ay TO0E N ey
IsAjrue-eraw _E MDA dp e}

peadsay ang puswateqe uonnpod sie jo duesd]
1E-1 ‘001 | "uosAuy

10 APIIS 2502 41 HSILOTUIAUL UOISSIUWD 110dS

PO UOISSILED TSNRYXD DPIYDA 40} SPOYIIW IANRUWIANY "GLLOT AL SINI|[ag "SpIyy
“(padann) 2y “say “dsursl odueuwopad Sunapour Ajenb re uo sasE P

uoEpie 1uasaKp J0 13edui] A4y, 'eL10Z WIS(YUIMNIN ‘Uew:

§4£-59¢€ (RIOZ) ¥ 1T [PUORDUIIU] JUIUUOLAUT

‘EIE ‘BT WNIH Igng snp uonAu;

‘SPOLIOW Judtissa e amsodya o wy sded Buugewng pue sourape juang

pooypin pue yonnfjod 1w papaeIgR g, 23.. TP USSINYUAMTAIN CT] SR
*POE-SRE ‘S| Tonuapidy 124 ‘odxy p 'sjppow ansodsd

NIFOIANSYTS (] MOpHOI04 Y U td MoBoseury “y ey I NaLf
MIASU] SIALL NI (L1 ON) K90 I pue
“2un500x3 "5 14 U0 Ay ) o 3RS EMYD € W ol Jy
GIYSH 41 U0 [9Ued D EOT NS} 900
iﬁ_EE IO ¢ MPILD U] euiyise

“S-9g N oy
22 P[IYIA JO10W Z10%

SIR008KT01/E
*§T ‘T “8useau] “uyD 20y "Apms eunpsy A Jouug Saﬂm a ur ad&youayd uEﬁmm
auanpuy Aew a0dadal

L T

9 :@)Bp PALsINY Uik (1] =
“AIqe[IPAY "MIIADI DUIPIAD pue EuEumu%u autpseq .nuo—ovoﬁos_ *SpaYT pue
paojpeig uy sfesodoad auoz uoissiur Mo JO JuRuIssasSE .HAE_ @eaH ZT0T “1. ‘SutpEig

Mile e

T
SAIPY YN W uwqey

*910T YA OF :1ep passandy.

nnfosdadiag mamm/ /01 B[queAY *[AUTUQ] SI99PF UORNTIOd TV J0F S1I0G0D
Jo Apmg ueadony - I4VOSH ‘Y10Z ‘T 'QI9YF UON(J0d IV 10§ §11040D Jo Aprug weadoang

‘BTOT ATenuer 61

3YEP PISINY ‘G PUIONDNNSHNGNREILTYILTI6G P | = PHWIY WE) /Ao wos
siaaamsysdi sarqureay [auruo) §10Z uonesudaq S[dRMA Jo Xapuy ‘4102 ‘TYST

GOTTI~G6LTT "9 [OUyIa] 1§ 1aford GAVOSE M jo

SHn&EAL s A)._::A up E..::x_ 0Z up g pue NG faaunqrosqe § YING N 1)
PO Uapsada3 2 PRV Jo A _y wa 710z Y | Sz ap 7w vy o
o baapag Iy P O el

punnisiaeg ‘910z V' d
‘810 AIenuef :3jep passaday ‘0107 = Ak ade punosieg-wl
AP Asdny salqeieAY *[SUNUQ] 010Z - SenUOYINe [edof Joj wmep Surddepy
punoisydeq ‘010¢ 'V "4 'd *f ' 'SITEYY [emy pue Poog udwux(ALg 10j Juvuniedaq
TOS-CRE ‘E4 1] 'UOAAUY "Sapms [uagBoloiuapida so) uopn|
jod 4 i o Ginsodee PO uoisidsp pue Gopsais
21 930 pury Rupudwion b0z “0 oIRY Ty oueuBiog "y wopag 1 fuojapey
LA URSNYUIMDIN T UBUORINY I U 0 MEIMUDIA W a0y Y ‘ySeop ag
“VOE-PLE T UGy souny
PMS AAVISH M) W0y SYnss sl Apmis weadoiny Of uig)m pun usamiag suojp
“BUIdLOD YON PUR TON J0 UOHLEEA ZI0Z "D U00s3) “I Hg ), ravesiasog
L IopuRyRg Y wapag Y ‘preduduay ) aduy p YoEUEK T Suslieyg p 9Kk
*L10z AInr :ajep passany
«uonipindod /saseep-sno /eyep-usdo. e aod piojpeaq mmmz/sdiy ajqereay
‘[>uuQ] vogemdod *£10Z ‘D @ ‘W 8 D ‘1PUND 19Mmsiq uejodons piojpeid JO A11D
‘P10Z J2quadA( 21eP PAsSAY ‘| WL'|af
Aqnoaazan s /diny Alqereay “[auf[uQ] [pous ueqin- SINay BnZ_E
[EIUSWUONAUT HTOZ ‘D 4 “H D (LT IURI[NSUC) YRIPasaY [FIUIWUOIAUE S8pHqueD
<0 “dd i) 'ARPLEGUIED DWHD 'PIT SIURINU0Y (DIP3EAY [UIUSWUOIAUR
ABPHQUIBY ' UOISIHA DPING J987] ‘WasAS WwawmReuey AfEnd sy wegin

apidy uoaiaug g odx:

¢ ruopuor w suonapasd amsodya wans of n_u_;c. wagsiadsip wonnjod A1y £ 10T
DA MR W UosIapUY ] AT T B N _::::3_2 Qg smavag
‘€E-01 'TL oIy 1 ap-adoms
ap swaie Sprs og up amsodsa wopmyjod ae Sy :::: ‘.& SPpow wopsaEag
950 put "ON PUY FON 10 1URdOaAAC £ T0Z 'V ORIV L ‘PISMONIYIS "N T
W X TAPAC ) DOMOdaNUITA I SuaYaE q MDA ©8 Sanf Y B
062542 ‘T “UOI[AUZ “SOUIY
“Aumssard 10fi i T U RN JYI0 QM APEOTH UKD 0 VOPEAN0D
BOOZ AL UIISETULL YA UIRIY ) IO YL YO0 NI TIaAL g fueaayeay

soduBIRyIY

*800°€0'8T0E 1WA (/910101 /310'10p
//:d1ny e aur[uo punoy aq ued apr.e siy 03 ejep Arejuswsjddng

ejep Arejusuwra[ddng ‘y xipuaddy
*sysa101ut Sunadwiod ou aAey AdYy) 2IB[IP SIOYINE YL
s1sax9jut [eroueuy Sunadwon

™ sy H



