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L Introduction

It is widely acoepted that transport emitted air pollution has an
adverie effect on health outoomes such as mortality, morbidity,
and hospital admissions. In addition the economic costs of this can
be great; for exarmple in Mew Zealand it has been estimated that
each year there are five hundred cases of premature mortality due
o exposure te ambéent particulate matter less than 10 micron in
size [FMI0) nitrogen dicoide (MO2Z) and carbon momaxide (0]
from vehicle emissions at a cost of neardy NZS500 m (Kingham
et al, 2008) However, these studies [and similar ones) assume
individual exposure is determined by air quality at their place of
domestic residence {e.g. Beeben et al, 2007, Pope et al, HW9) Asa
comeguence actual exposure o pollution may be significantly
under-estimated s contributions from potentially high pollution
micro-environments are not scounted for (Boogaard et al, 2009,
Meng et al. 2012} For example a number of studies have exam-
ined personal pollution exposure on the jouney to work amd
determined that, although temporally and spatially variable,
individuals may be exposed bo very high ambsent pollutant
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concentrations in the transport microenvironment (e.g. Ceorgoulis
et al, 2002; Kaur et al, 2007; Int Panis et al, 2000; Dons et al,
M1

Tao date there i Emited comsistency in establishing which mode
of transport {car, bus, bike, efc.) i associated with the highest ex=
posures. (Boogaard et al, 2009) Results vary both between and
within studies which have been undertaken in a variety of different
urban settings around the waorkl. The vast majority of these gudies
have taken place in large urban areas with high population den-
sities and significant traffic congestion such as Lomdon {Kaur et al.,
2007), Barcelona {de Nazelle et al., 2012), Brussels (Int Panis et al,
0], Uirecht {Boogaard et al, 2009) and Montreal {Hatzopoulou
et al, 2013} Although differences in exposures have been found
between cities which expernence different levels of congestion {Int
Panis et al, 2000), livtde, il amything i known about the situation in
smaller urban areas, with lower population density, and bes
congestion. Furthermore there is no data from cities surmounded by
il ively pristine envir mar cities located in the
Southern Hemisphere {de Nazelle et al., 2M2) whene traffic con=
ditions, emissions profiles and metecmologecal conditions may be
sgnificantly different_ Yet, there are many cities in the workd that
postess these characteristics. This purpose of this research is 1o
assess the comparative risk msociated with exposure o traffic
pellution when travelling on car, bus and bike in an urban area with
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J Pesquisa que avaliou o
comparativo associado a exposicao
a poluicao do trafego ao viajar
através de diferentes modos de

transporte em
Zelandia.

Christchurch

risco

Nova

Fig. 1- Ilha do Sul da Nova Zelandia.

Em destaque menor: cidade de Christchurch.
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APRESENTACAO TEMA OB O JUSTIFICATIVA METODOLOGIA RESULTADOS CONCLUSAO

1 Monitorar as concentracdes de
material particulado (PMi, PM2s e
PMa1o), particulas ultrafinas (UFPs) e
monoxido de carbono (CO) em
rotas pré-definidas durante a
manha e noite de pessoas viajando
simultaneamente de carro, bicicleta
e Onibus.
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APRESENTACAO TEMA OBJETIVO ATIVA METODOLOGIA RESULTADOS CONCLUSAO

J Tentar compreender como a
cidade de Christchurch se
comporta em relacao ao tema
investigado, quando a mesma
apresenta particularidades di-
rentes de estudos que com-
preendem a mesma metodo-
logia.

Fig. 2- Pontos turisticos de Christchurch
(de cima para baixo): Bridge of
Remembrance, Kate Sheppard
Memorial Christchurch e Universidade
de Canterbury.
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APRESENTACAO TEMA OBJETIVO JUSTIFICATIVA ODOLOGIA RESULTADOS CONCLUSAO

7N
METODOLOGIA
\_/
POLUENTES, INSTRUMENTOS REGIME DE ,
E EQUIPAMENTO MONITORAMENTO AREA DE ESTUDO
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APRESENTACAO TEMA OBJETIVO JUSTIFICATIVA ODOLOGIA RESULTADOS CONCLUSAO

Sequoia 88

Cashal Street Mall
University of Canterbury
Central bus station

POLUENTES, i R

Off-road cycle route

INSTRUMENTOS E Main route - car,cycle & bus
EQUIPAMENTO

et
REGIME DE |
MONITORAMENTO

AREA DE ESTUDO

Fig. 3- Rota de amostragem em Christchurch. As viagens matinais
foram do estacionamento do Sequoia 88, um restaurante no
suburbio de Redwood (A) até a central de 6nibus (B) e depois fora
da cidade central até a Universidade de Canterbury (C). A tarde, a
jornada foi invertida.
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APRESENTACAO TEMA OBJETIVO JUSTIFICATIVA ODOLOGIA RESULTADOS CONCLUSAO

METODOLOGIA

( )
POLUENTES, Table 1
Summary of number of trips and simultaneously sampled pairs of different transport modes (car, bus, on-road bike and off-road bike) for each pollutant {carbon monoxide,
I N STRU M E NTOS E particulates and ultrafine particles).
EQU I PAM E NTO Pollutant Transport mode N Simultaneously paired Simultaneously paired Simultaneously paired
with bike off-road with bike on-road with bus
N J Carbon monoxide (CO) Car 49 46 45 47
Bus 52 46 47
Bike on-road 49 43
( ) Bike off-road 48
Particulate matter (PM1o, 25 & 1) Car 17 15 2 13
Bus 42 35 28
R EG I M E D E Bike on-road 32 27
MONITORAMENTO Bike off-road 46
Ultrafine particles (UFP) Car 42 27 39 12
Bus 12 0 12
\_ ) Bike on-road 44 27
Bike off-road 34
— AREA DE ESTUDO
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APRESENTACAO TEMA OBJETIVO JUSTIFICATIVA METODOLOGIA R ADC CONCLUSAO

] Box-plot: (a) Viagens e (b) Todos os dados coletados a cada 6s;
] Falta de dados;

J Para contornar isso, foi comparado as proporcoes de exposicao a
poluicao entre diferentes modos monitorados simultaneamente,
conforme mostrado na Tab. 2;

J Aqui uma proporcao (média e mediana sdo mostradas) acima de 1
indica que a proporcao do primeiro modo de transporte homeado
foi maior que a do segundo nomeado;

J Além de algumas estatisticas descritivas adicionais, também sao
apresentados valores para o teste de Wilcoxon.
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Table 2

Descriptive statistics for ratios of pollutant levels (carbon monoxide, particulates and ultrafine particles) by transport modes (car, bus, on-road bike and off-road bike) for
simultaneously sampled trips. In addition to the median, minimum, maximum and standard deviations of the ratios for the paired transport modes for the different pollutants,
the number of occasions each paired mode is greater than the other is given, as well as Wilcoxon signed-rank test P-values which tell us whether the two values are statistically

significantly different.

T g ¢ 8§ B o SBap Eoop @
6 10 o rond j oﬂ. | | | | |
o & : ! J Comparacao dos resultados com
© : 50 .
X 2 d : outros estudos desenvolvidos em
e 9 6 i « _outras cidades ao redor do mundo;
O - E s 2
a ¥ g . ’ o
= G : . & [ Carros expostos a maiores niveis de
Q S I R H CO:
O . . : 20 )
: ., W Diferencas mais sutis  foram
é !. encontrados entre usuarios de Onibus e

T T T
Bus Car Bike-off Bike-on

b: All data

I 1 1
Car  Bike-off Bike-on
a: Trips

1
Bus

bicicleta.

Mode

Fig. 4- Box-plot dos niveis médios de CO por modo (6nibus, carro, bicicleta
on-off-road) para (a) Viagens (b) Todos os dados coletados a cada 6s.
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APRESENTACAO TEMA OBJETIVO JUSTIFICATIVA METODOLOGIA R ADQ CONCLUSAO

Table 2

Descriptive statistics for ratios of pollutant levels (carbon monoxide, particulates and ultrafine particles) by transport modes (car, bus, on-road bike and off-road bike) for
simultaneously sampled trips. In addition to the median, minimum, maximum and standard deviations of the ratios for the paired transport modes for the different pollutants,
the number of occasions each paired mode is greater than the other is given, as well as Wilcoxon signed-rank test P-values which tell us whether the two values are statistically
significantly different.

Pollutant Paired modes Number of Median Min Max Std. Dev. Number of times first Number of times second P
paired modes ratio ratio ratio of ratios mode > second mode mode > first mode
Particles less than Car:Bus 13 0.8 0.6 13 0.2 Car > Bus: 3 Bus = Car: 10 0.22
1 micron (PM,)  Car:Bike on road 2 21 19 23 0.3 Car > Bike on: 2 Bike on > Car: 0 0.18
Car:Bike off road 15 14 1.0 44 1.0 Car > Bike off: 14 Bike off > Car: 1 <0.01
Bus:Bike on road 28 12 0.7 3.0 0.6 Bus > Bike on: 22 Bike on > Bus: 6 <0.01
Bus:Bike off road 35 15 0.7 34 0.7 Bus > Bike off: 30 Bike off > Bus: 5 <0.01
Bike on road:Bike 27 12 03 19 03 Bike on > Bike off: 24 Bike off > Bike on: 3 <0.01
off road
60 120

J Comparagdo a exposi¢cdo as concentracdes
- 0o entre o observado para material particulado
(PM1o) e 0 monoxido de carbono;

>
=
©
9 ©
T 5
> O
e’
S
(©
o

2 i 2 U Resultados inéditos em relacdo aos ciclistas
s : g off-road;

T 3] o ! 0 £ ~

) o ! . z  Comparagdes com outros estudos para
. A RO, ; & material particulado de 2,5 micrométros);

[ Os resultados na fragdo de tamanho PM: sdo
i o mais consistentes com estudos anteriores.

0 T T T T T T T T
Bus Car  Bike-off Bike-on ficds Bus Car Bike-off Bike-on
a: Trips b: All data

Fig. 5- Box-plot dos niveis médios de PM1 por modo (6nibus, carro, bicicleta
on-off-road) para (a) Viagens (b) Todos os dados coletados a cada 6s.
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APRESENTACAO TEMA OBJETIVO JUSTIFICATIVA METODOLOGIA R ADQ CONCLUSAO

Table 2

Descriptive statistics for ratios of pollutant levels (carbon monoxide, particulates and ultrafine particles) by transport modes (car, bus, on-road bike and off-road bike) for
simultaneously sampled trips. In addition to the median, minimum, maximum and standard deviations of the ratios for the paired transport modes for the different pollutants,
the number of occasions each paired mode is greater than the other is given, as well as Wilcoxon signed-rank test P-values which tell us whether the two values are statistically
significantly different.

Pollutant Paired modes Number of Median Min Max Std. Dev. Number of times first Number of times second P
paired modes ratio ratio ratio of ratios mode > second mode mode > first mode
Ultrafine particles Car:Bus 12 1.0 04 19 0.4 Car > Bus: 7 Bus > Car: 5 0.58
(UFP) Car:Bike on road 39 11 0.5 2.8 0.6 Car > Bike on: 24 Bike on > Car: 15 0.09
Car:Bike off road 27 21 0.2 5.4 1.2 Car > Bike off: 26 Bike off > Car: 1 <0.01
Bus:Bike on road 12 13 1.0 22 04 Bus > Bike on: 12 Bike on > Bus: 0 <0.01
Bus:Bike off road 0
Bike on road:Bike 27 22 0.2 49 1.2 Bike on > Bike off: 21 Bike off > Bike on: 6 <0.01
off road
250,000 1,400,000

. * ... = Comparacdo com outros estudos;

200,000+

Lww = EXposicdo mais alta pelos passageiros
de Onibus, seguido pelo motorista e
depois pelos ciclistas;

:
§ A
* . (1 Onibus e carros oferecem alguma
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é exposicoes médias de longo prazo.
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Fig. 6- Box-plot dos niveis médios de UFP por modo (6nibus, carro, bicicleta
on-off-road) para (a) Viagens (b) Todos os dados coletados a cada 6s.
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1 Os resultados mostram que os
passageiros estao geralmente
expostos a niveis mais baixos de
CO do que em outras cidades,
mas estao expostos a niveis
semelhantes de PM1 e UFP;

J Fragoes maiores de particulas,
sao indicadores fracos de
emissao de trafego em estudos
gue examinam a exposicao ao
viajante;

(J Os ocupantes de carro estdo
expostos a pior qualidade do ar.
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