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BACKGROUND: There is growing concern about the health
effects of ambient air pollution (AP) in children. The present article
summarizes and compares local information regarding the adverse
effects of AP on the health of Canadian children with reports from
elsewhere.

METHODS: PUBMED, MEDLINE and EMBASE databases were
searched for epidemiological studies, published between January 1989
and December 2004, on the adverse health effects of criteria air
pollutants among Canadian children.

RESULTS: Eleven studies investigated the association between AP
and various respiratory health outcomes, while one study assessed the
effect of AP on sudden infant death syndrome. Another study
examined the effects of AP on pregnancy outcomes. Most of the
available information was from Ontario and British Columbia.
Despite inconsistencies among study results and data from elsewhere,
evidence from Canadian studies suggest that AP may cause adverse
respiratory health effects in children and adverse pregnancy out-
comes, and may contribute to infant mortality in Canada.
INTERPRETATION: AP has detrimental health effects among
Canadian children. Paediatricians and other health care workers
with an interest in child health should encourage parents and
children to adhere to smog (AP) advisories. Existing regulatory
practices should be reviewed to reduce current levels of ambient air
pollutants in Canada.
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La pollution de I’air atmosphérique et la santé
des enfants : Une analyse systématique des
études épidémiologiques canadiennes

HISTORIQUE : On s’inquiéte de plus en plus des effets de la pollution
de l'air atmosphérique (PA) sur la santé des enfants. Le présent article
résume l'information locale au sujet des effets néfastes de la PA sur la
santé des enfants canadiens et la compare a celle d’ailleurs.
METHODOLOGIE : Dans les bases de données PUBMED, MEDLINE
et EMBASE, on a recherché les études épidémiologiques publiées entre
janvier 1989 et décembre 2004 au sujet des effets néfastes sur la santé des
polluants atmosphériques respectant les critéres chez les enfants
canadiens.

RESULTATS : Onze études portaient sur association entre la PA et
diverses issues sur la santé respiratoire, tandis qu’une étude traitait de
leffet de la PA sur la mort subite du nourrisson. Une autre étude
s'intéressait aux effets de la PA sur les issues de la grossesse. La plus grande
partie de linformation disponible provenait de I'Ontario et de la
Colombie-Britannique. Malgré des incohérences dans les résultats des
études et les données provenant dailleurs, les données probantes tirées
des études canadiennes indiquent que la PA pourrait étre responsable
d’effets néfastes sur la santé respiratoire des enfants et sur la grossesse, et
elle pourrait contribuer a la mortalité des nourrissons au Canada.
INTERPRETATION : La PA a des effets nuisibles sur la santé des
enfants canadiens. Les pédiatres et les autres travailleurs de la santé
intéressés par la santé des enfants devraient inciter les parents et les
enfants a respecter les avis de smog (PA). Il faudrait revoir les pratiques
de réglementation en place pour réduire les taux actuels de pollution de
I’air atmosphérique au Canada.

Criteria air pollutants (CAPs) are six air pollutants that
are regulated by the United States Environmental
Protection Agency on the basis of their potential to cause
adverse public health and/or environmental effects. These
include ozone (O;), particulate matter (PM) in different
fractions (those with mean aerodynamic diameters of 10 p
[PMol, 2.5 p [PM, 5] and between 10 p and 2.5 p
[PM;, ,5]), nitrogen dioxide (NO,), sulphur dioxide
(SO,), carbon monoxide (CO) and lead (1). Attention is
being focused on understanding the adverse health effects
(AHEs) of ambient air pollution (AP) in children; they are
most susceptible to effects of AP due to the rapid growth

and development of their lungs, higher minute ventilation,
involvement in vigorous outdoor activities and the greater
amount of time spent outdoors compared with adults, as
well as their immature immune systems (2,3). A recent pol-
icy statement from the American Academy of Pediatrics
underscores the increasing global concerns about the health
effects of AP in children (4).

Epidemiological studies from around the world report
associations between CAPs and morbidity outcomes in
children, including asthma exacerbations (5-9), increased
prevalence of respiratory symptoms (10,11), decrements in
lung function (10,12), deficits in lung function growth
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(13-15), adverse pregnancy outcomes (APOs) (16-19),
increased infant mortality (20-22), altered immunity (23),
illness-related school absenteeism (24) and birth defects (25).

In Canada, provincial governments and the federal
government identify and monitor CAPs (26). Recent stud-
ies demonstrate that levels of AP below regulatory limits
may still cause AHEs in vulnerable populations, including
children (5,11,12,27) and elderly people (28). The present
review paper discusses evidence linking AP and AHEs in
Canadian children.

METHODS

Data extraction

Studies were identified from PUBMED, MEDLINE and
EMBASE databases using the following search terms: ambi-
ent air pollution, epidemiological studies, children, Canada
and CAPs. Peer-reviewed articles meeting the following
criteria were selected: epidemiological studies on health
effects of CAPs among Canadian children; studies conducted
among all age groups but with clearly specified measures of
health outcomes among children; and studies published
between January 1, 1989, and December 31, 2004. Relevant
articles cited by selected publications were also included.
Data on study design and location, confounding factors
adjusted for, air pollutants considered, health outcomes
measured, and study results were extracted from the select-
ed studies. Studies conducted in Canada among children
and adults that did not separately measure the AHEs of AP
in children were excluded.

RESULTS
Thirteen studies satisfied the inclusion criteria. The
selected studies varied by design, study location, number
of CAPs considered, age of study subjects, adjustment for
confounding factors and type of health outcomes meas-
ured. The majority of studies used time-series analysis to
investigate associations between daily variations in AP
levels and variations in several health outcomes among
children living in geographically defined areas
(18,20,27,29-33). Most studies were conducted in the
provinces of Ontario (30,31,34) and British Columbia
(10,18,27-29). Several studies examined the AHEs of
CAPs among children six to 15 years of age (10,27,31,34-36).
Some studies assessed the influence of factors such as
socioeconomic status (27), sex (27,31,34) and age
(28,29,32,33) on the effects of AP on various health
outcomes in children. All studies used measurements by
ambient air monitoring stations to assess exposure to
CAPs. Eleven studies investigated the AHEs of various
CAPs on respiratory morbidity outcomes in children
(10,27-36). These included increased asthma hospitaliza-
tion (27,31,34) and asthma emergency department (ED)
visits (29,33) (Table 1), increased respiratory hospital
admissions (28,30) and ED visits for respiratory illnesses
(32) (Table 2), and increased reporting of respiratory
symptoms and decrements in lung function (10,35,36)
(Table 3). One study (18) assessed the effects of AP on

226

pregnancy outcomes and another study (20) investigated
the association between AP and sudden infant death
syndrome (SIDS) (Table 4). Data on study design, charac-
teristics of study subjects, air pollutant exposures, AHEs
measured, study results and adjustments for confounding
factors are summarized in Tables 1 to 4.

DISCUSSION
Adverse respiratory health effects: Increased asthma
hospitalization
Although the results from studies investigating the acute
effects of AP on asthma hospitalization were not consistent,
short-term (day-to-day) increases in ambient air levels of
NO, and PM,, , 5 (31,34) were generally associated with
increases in asthma hospitalization for both sexes, while
increases in levels of SO, and CO were linked to increases
in asthma hospital admissions for girls and boys, respectively
(27,34). However, Lin et al (27) reported significant associa-
tions between NO, and SO, and asthma hospitalization in
children from low-income families in Vancouver, British
Columbia, but not for those from high-income families.
This is consistent with results from other studies suggesting
that children from lower socioeconomic groups may be
more susceptible to the AHEs of AP (37,38). Lin et al (34)
observed a significant association between ambient levels of
CO and asthma hospitalization in boys residing in Toronto,
Ontario, although no such association was found among
children living in Vancouver (27). Even though ambient
levels of PM, , 5 were significantly associated with asthma
hospitalization among children in Toronto (31), there was
no evidence from any of the reviewed studies to support a
link between asthma hospitalization in children and PM, s,
PM,, and Oj levels. Nevertheless, a study (39) conducted
among asthmatic children in Hong Kong found a
significant association between PM; and asthma hospital-
ization. In addition to differences in study designs, inconsis-
tencies in the results from studies investigating the adverse
effects of PM have been attributed to the spatial and
temporal variability of the chemical and physical properties
of PM, as well as differences in population characteristics
and susceptibilities (31).

Increased asthma ED visits

Ambient air levels of O; in Saint John, New Brunswick
(33), and SO, in Vancouver (29) were associated with ED
visits for asthma in adults but not in children. Despite the
fact that no threshold level has been identified for O above
which AHEs are observed (40), studies conducted
elsewhere (41) with ambient O concentration exceeding
levels recorded by most Canadian studies have documented
significant association between ambient O; and paediatric
asthma ED visits. Ambient air pollutants O; and SO, were
significantly associated with paediatric asthma ED visits in
Mexico City, Mexico, where the mean Oy daily 1 h maxi-
mum concentration was 90 ppb (range 10 ppb to 250 ppb)
(41), compared with a range of 13.41 ppb to 41.6 ppb for
Canadian studies.
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TABLE 1

Air pollution and

children’s health

Studies assessing the health effects of criteria air pollutants on asthma hospitalization and emergency department (ED)
visits among Canadian children between January 1989 and December 2004

Reference,
study location,
and data
collection period

Study design,
subject characteristics
and sample size

Exposure to ambient air
pollutants

Adjustment for
confounding

Study findings

factors

Asthma hospitalization

Lin et al (27), 2004;
Vancouver,
1997 to 1998

Lin et al (34), 2003;
Toronto, January 1,
1981, to December
31, 1993

Lin et al (31), 2002;
Toronto, 1980 to
1994

Asthma ED visits
Stieb et al (33),
1996; Saint John,
New Brunswick,
1984 to 1992

(May to September

only)

Time-series analysis; children
aged 6-12 years from
low- and high-income families;
total (n=3822), boys (n=2368),
girls (n=1454)

Bidirectional case-crossover
analyses; children aged
6-12 years; total (n=7319),
boys (n=4629), girls
(n=2690)

Bidirectional case-crossover and Daily mean concentrations (SD):

time-series analyses;
children aged 6—12 years;
total (n=7319), boys
(n=4629), girls (n=2690)

Time-series analysis;
children aged <15 years and
subjects >15 years; 1163 total
ED visits in 1987, and
49% were <15 years of age.
The total number of asthma
ED visits during the study
period was not documented

Daily mean concentration (SD):
CO 0.96 ppm (0.52)
S0, 4.77 ppb (2.75)
NO, 18.65 ppb (5.59)
O3 28.02 ppb (11.54)
Measured the acute effects of

1- to 7-day exposure averages

of air pollutants preceding
the day of admission

Daily mean concentrations (SD):

CO 1.18 ppm (0.05)
S0, 5.36 ppb (5.90)
NO, 25.24 ppb (9.04)

0O, 30.39 ppb (17.87)
Measured acute effects of 1- to
7-day exposure averages of
air pollutants preceding

the day of admission

PM, 5 17.99 (8.49)

PM,y_5 5 12.17 (7.55)

PM,, 30.16 (13.61)
Measured the acute effects of

Low-income families
Boys: RR corresponding to interquartile
range = 1.16 (95% CI 1.06-1.28) for
1-day NO, and 1.18 (95% CI 1.03-1.34)
for 4-day NO,
Girls: RR=1.18 (95% CI 1.02-1.36)
for a 4-day average and 1.19
(95% CI 1.01-1.40) for SO,. No observed
association between asthma hospitalization
and NO, or SO, in high-income group.
No observed association between
asthma hospitalization and CO or O in
either low- or high-income groups
CcO
Boys: OR corresponding to
interquartile increment of CO=1.07
(95% CI 1.01-1.16) for a 2-day exposure
average and 1.10 (95% CI 1.02-1.20)
for a 4-day exposure average
Girls: OR corresponding to
interquartile increment in S0,=1.28
(95% CI 1.08-1.51) for a 7-day
exposure average
NO,
Boys: OR=1.09 (95% CI 1.01-1.18) for
2-day exposure average
Girls: OR=1.21 (95% CI 1.03-1.42)
for a 7-day exposure average. No
observed association between O, and
asthma hospitalization in either boys
or girls
Bidirectional case-crossover analysis
Boys: RR=1.14 (95% CI 1.02-1.28),
girls: RR=1.18 (95% CI 1.02-1.36),
for a 8.4 ug/m? increase in 6-day
averages of PM,, , 5

1- to 7-day exposure averages Time-series analysis

preceding the day of admission

Mean of 1 h daily maximum
concentration:
05 41.6 ppb, SO, 38.1 ppb,
NO, 25.2 ppb
Daily mean concentration:

S0, 5.5 pg/m3; TSPs 5.5 pg/m?.

No data on levels of
PM,, and PM, 4
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Boys: RR=1.10 (95% CI 1.03-1.18),
girls: RR=1.18 (95% CI 1.08-1.30), for

a 8.4 ug/m3increase in 6-day averages
of PM,,_, 5. No significant association
observed between asthma hospitalization
and PM, 5 or PM,, using both analyses

For both adults and children, asthma ED
visits increased by 33% (95% CI 10-56)
when daily 1 h maximum O, exceeded
the 95% percentile concentration (75 ppb)
of O two days before admission.
Regression models, 1 h maximum and
daily mean levels of O; were significantly
associated with asthma ED for adults but
not for children

Daily maximum and

minimum
temperatures;
average relative
humidity;

day of the week

Daily maximum

and minimum
temperatures;
average
humidity; PM, ¢
and PMyo_5 5

Daily maximum

and minimum
temperatures;
average relative
humidity;

day of week;
copollutants,
including CO, SO,,
NO, and O,4

Maximum dew

point
temperature;
maximum
humidex; average
relative humidity;
copollutants
(80,, NO,, TSPs
and SO,) effects

Continued on next page
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TABLE 1 - continued

Studies assessing the health effects of criteria air pollutants on asthma hospitalization and emergency department (ED)
visits among Canadian children between January 1989 and December 2004

Reference,
study location, Study design,
and data subject characteristics Exposure to ambient air

collection period and sample size pollutants

Adjustment for
confounding
Study findings factors

Asthma ED visits
Bates et al (29),
1990; Vancouver,
British Columbia,
July 1, 1984, to
October 31, 1986

Time-series analysis; children
aged 0-14 years, adults aged
15-60 years and those
aged >61 years; total ED visits

for asthma between July 1 to October 31) and

June 30, 1985, were n=1357 for winter (November 1

those aged 0-14 years,
n=1546 for those aged
15-60 years and n=536 for
those >60 years of age

to April 30)

Mean of daily 1 h maximum
concentrations of SO,,
0,3, SO,4, and COH during
summer (May 1 to

Daily mean concentrations of
pollutants were not reported

Adults aged 15-60 years:
Same day and previous day levels of SO,
and SO, were significantly (P<0.001)
associated with asthma ED visits

Day of the week

during summer

Children aged 1-14 years:
No observed significant association
between asthma ED visits for children
aged 1-14 years and O,, SO,, NO,, SO,
or COH

CO Carbon monoxide; COH Coefficient of haze; NO, Nitric oxide; O Ozone; PM Particulate matter; SO, Sulphur dioxide; SO, Sulphite; TSPs Total suspended

particulates

Increased respiratory hospital admissions and ED visits
Findings from the present review suggest that short-term
variations in the concentrations of O; during summer may
increase hospital admissions for all respiratory illnesses,
including asthma in children. Although same-day concen-
trations of Oy were associated with respiratory hospital
admissions in Toronto (30), O; levels recorded on day 1
and day 4 before admission affected total respiratory admis-
sions (TRAs) maximally in Toronto and Vancouver, respec-
tively (28,30). In addition, previous-day concentrations of
CO were associated with TRAs in Vancouver (34).
Although the association between TRAs and SO, and NO,
were not statistically significant in Vancouver, both pollu-
tants have been linked to daily TRAs in countries where
ambient levels of SO, and NO, were comparable with (42)
or higher (43,44) than those in Canada.

In Montreal, Quebec, previous-day concentrations of
ambient air O3, PM,, and PM, 5 were associated with ED
visits for respiratory diseases for adults but not for children
(31). However, ambient levels of PM, 5 and PM,, (45) in
Santiago, Chile, as well as O3 and PM,, levels in Sao Paolo,
Brazil (46), have been linked to paediatric respiratory ED
visits.

Decrements in lung function and increased reporting of
respiratory symptoms

Children from Toronto experienced larger decrements in
lung function (forced expiratory volume in 1 s and forced
vital capacity), due to high levels of AP, than children from
Saskatchewan and Manitoba (35,36). Yu et al (11) reported
significantly larger decrements in lung function and a
higher prevalence of respiratory symptoms among school
children from higher versus lower AP zones in Hong Kong.
Contrary to evidence from epidemiological studies
indicating that respiratory symptoms may be more
prevalent among children from more polluted areas

(11,47), two Canadian cross-sectional studies (35,36) did
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not concur (Table 3). Although short-term changes in lev-
els of PM, were associated with cough, phlegm and sore
throat in both asthmatic and nonasthmatic children in
Vancouver, decrements in peaked expiratory flow were only
observed among asthmatic children (10). Peacock et al (48)
reported similar findings among children in Southern
England. However, Kim et al (49) found a significant
inverse relationship between PM,, and lung function in
normal children.

APOs

In Vancouver, maternal exposures to SO,, NO, and CO
during the first month of pregnancy were associated with
intrauterine growth retardation, whereas exposure to SO,
during the first month of pregnancy was linked to an
increased risk of low birth weight (LBW) (18).
Additionally, maternal exposure to SO, and NO, during the
last month of pregnancy was associated with an increased
risk of preterm birth (18). However, O; was not associated
with any APOs (18). There is a lack of consistency among
studies regarding APOs, both for gestational timing and
specific air pollutants. Unlike the Canadian study, two
American studies found a link between LBW and maternal
exposures to ambient levels of CO exceeding 1.46 ppm (daily
average) (50) and 5.5 ppm (three-month average) (51) dur-
ing the last trimester. The daily mean and maximum
concentrations of ambient air CO for the Canadian study
were 1.0 ppm and 2.2 ppm, respectively (18). While some
studies have supported the Canadian finding linking LBW
and maternal exposure to SO, during the first trimester
(52,53), others have reported associations between LBW
and SO, levels during the second and last trimesters (54,55).
Although PM,; and PM, 5 have been shown to increase the
risks of preterm birth (55,56) and intrauterine growth retar-
dation (57), and PM, s has been associated with being small
for gestational age and LBW (19), the Canadian study did
not control for the effects of PM (18).
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TABLE 2

Air pollution and children’s health

Studies assessing the effects of criteria air pollutants on respiratory hospital admissions and emergency department (ED)
visits among Canadian children between January 1989 and December 2004

Reference,
study location, Study design,
and data subject characteristics Exposure to ambient air

collection period and sample size pollutants

Adjustment for
confounding

Study findings factors

Yang et al (28),
2003; Vancouver,
British Columbia.
Data on hospital
admissions for
respiratory
illnesses* for

the period between

January 1, 1986, and

December 1998

Burnett et al (30),
2001; Toronto,
Ontario. Data

on daily hospital
admissions for
acute respiratory
illnessesT for

the period between
January 1, 1980, to
December 31, 1994

Delfino et al (32),
1997; Montreal,
Quebec. Data from
25 acute care
hospitals on ED
visits for respiratory
illnesses between
June 15 to
September 20 in

Bidirectional case-crossover

analysis; children aged
<3 years and adults

>65 years; total number
of respiratory admissions
was not documented

Time-series analysis; children

<2 years old; daily number of
respiratory admissions ranged
from 0-11 (mean 2.9). No

data on total respiratory
admissions for the study period

considered (daily ED visits):
<2 years (n=1440), 2-18 years
(n=2444), 19-34 years
(n=778), 35-64 years
(n=1539), >64 years

(n=2367)

Daily mean concentration (SD):
03 13.41 ppb (6.61); CO

Respiratory admissions were associated
with O levels 2, 3, 4 and 5 days before

0.98 ppm (0.54); NO, 18.74 ppb  admission in both children and the elderly.

(5.66); SO, 4.84 ppb (2.84);
COH 108 (feet), 0.31 (0.17).
No data on PM.

Examined the effects of
same-day and preceding 1- to
5-day levels of air pollutants

Summer (May to August) mean
1 h maximum concentration:

0O, 45.2 ppb, SO, 11.8 ppb,
NO, 44.1 ppb, CO 1.9 ppb,
PM, ¢ 18.0 pg/md, PM,q_, ¢
16.2 ug/m?3. Levels of
pollutants during winter not
documented

Time-series analysis; age group Mean concentration (SD):

O, 8 h maximum, 28.8 ppb
(11.3); O3 1 h maximum,
33.2 ppb (12.6);

PM,,30.1 pg/m3 (17.3);
PM, ; 18.5 ug/m3 (14.0);
S0, 51.7 nmol/m3 (79.1);
H* (aerosol strong acidity)
11.3 nmol/m3 (19.9)

Strongest association at a lag of 4 days;
OR=1.22 (95% CI 1.15-1.30) for
children and 1.13 (95% CI 1.09-1.18)
for the elderly for an increase in O,
corresponding to the interquartile range.

Order of effects: (0,>NO,>CO>COH>SO0,)
for children and (O;>NO,>COH>S0,>CO)

for the elderly

Percentage increases in daily respiratory
admissions were associated with a 45.2 ppb
increase in daily 1 h maximum O,
measured same day = 17.6 (2.04); 2-day
lag = 14.2 (3.71); 3-day lag = 8.1 (2.15);
4-day lag = 7.9 (2.10); 5-day lag = 0.8
(0.21); 5-day moving average = 35%

(95% Cl 19-52). Effects of O, persisted
after adjustment for copollutants. No
observed association between O, and
hospital admission during winter
(September to April)

Previous-day levels of O,, PM,,, PM, 5 and
SO, were associated with respiratory visits
for the elderly (>64 years of age) but not
for children

Copollutants;
daily mean
maximum and
minimum
temperatures;
average relative
humidity; and
socioeconomic

status

Daily maximum and
minimum
temperatures;
daily average
relative humidity;
day of the week;
time of the year;
and copollutants

Day of the week,
hourly maximum
temperature and
minimum relative

humidity

1992 and 1993. Did
not specify types of
disease

*International Classification of Diseases, Ninth Revision (/CD-9) codes 460-519 — all respiratory illnesses; TAsthma (ICD-9 code 493), acute bronchitis/bronchiolitis
(ICD-9 code 466), croup (ICD-9 code 464.4) and pneumonia (ICD-9 codes 480-486); *Values in parentheses represent the ratio of percentage change to standard
error. CO Carbon monoxide; COH Coefficient of haze; NO, Nitric oxide; O Ozone; PM Particulate matter; SO, Sulphur dioxide; SO, Sulphite

Infant mortality: SIDS

Results from an extensive study (20) conducted in
12 Canadian cities suggest that increases in previous-day
and three-day average levels of SO, and NO, may increase
the incidence of SIDS, although ambient levels of CO,
PM, 5, PM, 5 and O; were not significantly associated with
SIDS. While Hoppenbrouwers et al (58) observed a signif-
icant association between SIDS and ambient levels of CO
measured seven weeks before the last day of life, Klanoff-
Cohen et al (59) found a similar association between SIDS
and mean monthly levels of CO. In contrast, the Canadian

Paediatr Child Health Vol 12 No 3 March 2007

study examined a five-day lag effect of ambient levels of
CO on the incidence of SIDS. Evidence from some
American studies support the Canadian findings linking
SIDS with ambient levels of NO, (59) and SO, (58,60).
However, one study in the Czech Republic found no
association between SIDS and ambient levels of SO, (61).
Despite the fact that the Canadian study did not find any
association between ambient levels of PM (PM,, and
PM, ;) and SIDS, other studies have shown that exposure
to PM;, may increase the rates of postneonatal mortality

(21,22,62) and SIDS (21,62,63). An inability to detect an
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TABLE 3
Studies assessing the effects of criteria air pollutants on respiratory symptoms and lung function among Canadian
children between January 1989 and December 2004

Reference,
study location, Study design, Adjustment for
and data subject characteristics Exposure to ambient air confounding

collection period

Vedel et al (10), 1998;

and sample size pollutants Study findings factors

Longitudinal study; four Daily concentration of PM,, Children with physician-diagnosed Average daily

Vancouver Island,

British Columbia; diary-
reported symptoms and
daily peak flow for each
subject during the period
between May 1, 1990 and
March 13, 1992

Stern et al (36), 1994; five
communities each in
Saskatchewan and
southwestern Ontario;
data on lung function and
respiratory symptoms

between October 1985 and

March 1986

Stern et al (35), 1989;
Tillsonburg, Ontario and
Portage la Prairie,
Manitoba; data on lung

groups of children aged
6—13 years with
physician-diagnosed
asthma (n=75), exercise-
induced fall in FEV, with
no asthma diagnosis
(n=57), airway obstruction
(FEV,/FVC<0.76) without
any of the above (n=18)
and control children
without any of the above
(n=56)

Cross-sectional study;

Caucasian children aged
7-11 years old;
total n=4695

Cross-sectional study;

grade 2—6 children aged
7-12 years; Tillsonburg
(n=735), Porte la Prairie

function (FVC and FEV,) and (n=895)

respiratory symptoms and
illnesses using
parent-administered
questionnaires between
September 1983 and
April 1984

ranged from 0.2 ug/m3 to

159 ug/m?3 (median 22.1 pg/m?3,

daily mean 27.3 ug/m3);
only 8 days had daily
concentrations of

PM,, >100 pg/m3

Annual mean concentration

Ontario: SO, 2.1 ppb,
NO, 7.3 ppb, O; 31.4 ppb;
Saskatchewan:

SO, 1.2 ppb, NO, 9.0 ppb,
0;24.0 ppb

Annual averages of SO,

S0, and particulate NO,
were significantly higher
(P<0.05) in Tillsonburg
(mean concentrations:
SO, 8.0 ppb,

S0, 3.2 pg/md,

NO, 1.5 pg/m?) than in
Portage la Prairie (mean

concentrations: SO, 0.00 ppb,

S0, 0.09 ug/md,
NO; 0.7 pg/m?3). No
significant differences in

asthma: a 10 pg/m3 increase in
1- to 4-day cumulative lag of PM,,
above the mean daily PM,,
concentration of 27.3 ug/m?3
increased the odds of reported
cough by 8% (95% Cl 0-16) and
decrement in PEF by 0.55 L/min
(95% CI 0.06-10). Entire sample
of children: OR=1.06 (95% ClI
1.02-1.10) for cough/phlegm and
1.06 (95% CI 1.01-1.11) for sore
throat

Children from southwestern Ontario
had significant (P<0.01) mean
decrements of 1.7% in FVC and
1.3% in FEV, compared with children
from Saskatchewan. No observed
significant regional differences for
cough, phlegm, persistent wheeze,
current asthma and bronchitis

Children from Tillsonburg had
significantly (P<0.001) lower levels
of 2% for FVC and FEV, compared
with those in Portage la Prairie.
Prevalence of chronic respiratory
symptoms was similar in both
communities, with the exception of
inhalant allergies, which were more
frequent among children from
Tillsonburg

temperature and
humidity; daily
precipitation;
day of the week
and month

Age, sex, gas cooking at
home, parental smoking
and education

Parental smoking and
education, use of gas or
wood heating fuels,
pollution levels on day of
testing, and differences
in age, height or weight

levels of NO,, PM,, and O,
between the two communities

CO Carbon monoxide; FEV, Forced expiratory volume in 1 s; FVC Forced vital capacity; NO, Nitric oxide; NO5 Nitrate; O, Ozone; PEF Peaked expiratory flow;

PM Particulate matter; SO, Sulphur dioxide; SO, Sulphite

association between ambient levels of PM and SIDS may
have resulted from inadequate exposure assessment, given
the fact that levels of PM were measured every sixth day

(20).

WHY ARE THERE INCONSISTENCIES
AMONG STUDY RESULTS?
Measured AP is an indicator of air quality, and the particu-
lar mixture in each city varies with sources (64), climate
(65), seasons (66) and time of day (67). Most of the studies
compared with Canadian studies were conducted in larger
and more densely populated cities (eg, Sao Paulo, Mexico
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City, Santiago and Hong Kong) with relatively higher lev-
els of AP (68,69). The concentrations of O; in Canadian
cities were relatively low and the AHEs of O; and PM
among Canadian children were modest compared with
children from Latin American countries (29,31,32,39,41).
Other factors influencing personal exposure to air pollu-
tants, such as children’s time activity patterns, levels of
home ventilation (70,71) and indoor levels of air pollutants
(72) may differ among cities. A stronger correlation
between ambient air levels and personal exposure to PM
and gases (O3, NO, and SO,) has been observed among
adults who spend most of their time indoors with their
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TABLE 4

Air pollution and children’s health

Canadian studies assessing the effects of criteria air pollutants on sudden infant death syndrome (SIDS) and pregnancy

outcomes from January 1989 to December 2004

Reference, Study design,
study location subjects
and data characteristics Exposure to ambient

collection period and sample size air pollutants

Adjustment for
confounding

Study findings factors

Infant mortality
Dales et al (20),
2004; analysis; total

Time-series Range of mean 24 h pollutant

12 Canadian cities; number of SIDS

concentrations (interquartile range):
0O, 26.99-36.87 ppb (14.77-28.00 ppb), an 11.6% increase in incidence of SIDS and

NO, and SO, increases (interquartile range) were  Daily mean
significantly (P=0.0311) associated with temperature and

humidity,

data on SIDS for
the period between
January 1, 1984,

cases over the
study period
was 1556

CO 0.58-1.12 ppm (0.30-0.75 ppm)
NO, 9.56-25.81 ppb (7.50-11.50 ppl
S0, 0.96-9.93 ppb (1.50-7.83 ppb),

, 6.05% for increases in 3-day average levels.
b), Effects of CO were not persistent after
adjustment for confounders. There was no

maximum change
in barometric
pressure and

and December 31, PM,,13.51-28.15 ug/m?3
1999 (10.59-22.21 pg/m?3),
PM, ¢ 8.07-16.67 ug/m?
(6.55—-12.14 pg/m3),
PM,q_, 5 5.46—15.88 ug/m3
(4.59—14.47 pug/m?3)

Pregnancy outcomes
Liu et al (18),
2003; Vancouver,
British Columbia;
data on live births

Time-series analysis;  Daily mean (SD) of maximum
concentration:
SO, 4.9 ppb (13.4),
NO, 19.4 ppb (34.1),
CO 1.0 ppm (2.2),

0, 13.4 ppb (27.9)

singleton live births
(n=229,085),
average LBW
(4.0%), preterm birth
(5.3%), and IUGR
rates (9.4%)

for the period
between January 1
and December 31,
1998

observed association between SIDS
and O; or PM

seasonality

LBW: OR=1.11 (95% CI 1.01-1.22, for a 5.0 ppb
increase) for exposure to SO, during the

Maternal age,
parity, infant sex,
first month of pregnancy

Preterm birth: OR=1.09 (95% CI 1.01-1.14) for a

5.0 ppb increase in SO, and OR=1.08 (95% CI
1.01-1.15) for a 1.0 ppm increase in CO

gestational age,
birth weight and
month of birth

during the last month of pregnancy

IUGR: OR=1.07 (95% CI 1.01-1.13) for a 5.0 ppb
increase in SO,, OR=1.05 (95% Cl 1.01-1.10)
for a 10.0 ppb increase in NO, and OR=1.06
(95% CI 1.01-1.10) for a 1.0 ppm increase
in CO during the first month of pregnancy.
No observed association was observed between
O, and any adverse pregnancy outcome

CO Carbon monoxide; IUGR Intrauterine growth retardation; LBW Low birth weight; NO, Nitric oxide; O; Ozone; PM Particulate matter; SO, Sulphur dioxide

windows frequently opened than among those who often
close their windows (70). The relatively longer duration of
winter in Canada, as well as the longer period of time spent
within insulated homes by Canadian children during win-
ter, may possibly reduce personal exposure to ambient air
pollutants during this period (73). In Hong Kong, where
residents spend approximately 86% of their time indoors,
indoor levels of NO,, PM,,, PM, s and CO significantly
contribute to personal exposures for all age groups (74,75).
Latin American cities have higher indoor and outdoor AP
levels, have less developed health care services and are of a
relatively lower income level than Canada (76-79).
Children from lower socioeconomic backgrounds and/or
communities with reduced access to medical care are

known to be more susceptible to the AHEs of AP (37,38).

CONCLUSIONS
AP is a global issue with serious public health implications.
Despite inconsistencies among study results and data from
elsewhere, evidence from Canadian studies suggest that AP

Paediatr Child Health Vol 12 No 3 March 2007

may cause adverse respiratory health effects in children,
APOs and contribute to infant mortality in Canada. Most
of the available information is from Ontario and British
Columbia. Inconsistencies among Canadian studies and
other studies may be attributed to differences in study
designs, climates, exposures, population characteristics,
genetic susceptibilities, and temporal and spatial variations
in specific pollutant levels and chemical composition.
However, findings from Canadian studies, as well as evi-
dence from elsewhere, generally suggest that AP may cause
AHEs in children. Existing regulatory practices must be
reviewed to reduce current levels of air pollutants in
Canada. Paediatricians and other health workers with
interests in child health should encourage children and par-
ents to observe smog (AP) advisories.

ACKNOWLEDGEMENTS: The authors sincerely thank Bronia
Heilik BA BLS, for her library research, Elizabeth Mortimer for her
library assistance and Michelle Huculak for her administrative
assistance.

231



Koranteng et al

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pinkerton KE, Joad JP. The mammalian respiratory system and
critical windows of exposure for children’s health. Environ Health
Perspect 2000;108(Suppl 3):457-62.

. Dixon JK. Kids need clean air: Air pollution and children’s health.

Fam Community Health 2002;24:9-26.

. Gilland FD, McConnell R, Peters J, Gong H Jr. A theoretical basis

for investigating air pollution and children’s respiratory health.
Environ Health Perspect 1999;107(Suppl 3):403-7.

. Kim JJ; American Academy of Pediatrics, Committee on

Environmental Health. Ambient air pollution: Health hazards to
children. Pediatrics 2004;114:1699-707.

. Gents JE Triche EW, Holford TR, et al. Association of low-level air

pollution and fine particles with respiratory symptoms in children
with asthma. JAMA 2003;290:1859-67.

. Just ], Segala C, Sahroui E Priol G, Grimfield A, Neukirch E

Short-term health effects of particulate and photochemical air
pollution in asthmatic children. Eur Respir ] 2002;20:899-906.

. Lee JT, Kim H, Song H, et al. Air pollution and asthma among

children in Seoul, Korea. Epidemiology 2004;13:481-4.

. Ostro B, Lipsett M, Mann ], Braxton-Owens H, White M.

Aiir pollution and exacerbation of asthma in African-American
children in Los Angeles. Epidemiology 2001;12:200-8.

. Slaughter JC, Lumley T, Sheppard L, Koenig JQ, Shapiro GG.

Effects of ambient air pollution on symptom severity and medication
use in children with asthma. Ann Allergy Asthma Immunol
2003;4:346-53.

Vedel S, Petkau ], White R, Blair ]J. Acute effects of ambient
inhalable particles in asthmatic and nonasthmatic children.

Am ] Respir Crit Care Med 1998;157:1034-43.

Yu TS, Wong TW, Wang XR, Song H, Wong SL, Tang JL.

Adverse effects of low-level air pollution on the respiratory health of
schoolchildren in Hong Kong. ] Occup Environ Med

2001;43:310-6.

Jalaludin BB, Chey T, O’'Toole BI, Smith WT, Capon AG,

Leeder SR. Acute effects of low levels of ambient ozone on peak
expiratory flow rate in a cohort of Australian children. Int ]
Epidemiol 2000;29:549-57.

Frischer T, Studnicka M, Gartner C, et al. Lung function growth and
ambient ozone: A three-year population study in school children.
Am ] Respir Crit Care Med 1999;160:390-6.

Gauderman W], Avol E, Gilliland E, et al. The effect of air pollution
on lung development from 10 to 18 years of age. N Engl ] Med
2004;351:1057-67. (Erratum in 2005;352:1276).

Gauderman WJ, Gilliland GFE, Vora H, et al. Association between air
pollution and lung function growth in southern California children:
Results from a second cohort. Am J Respir Crit Care Med
2002;166:76-84.

Chen L, Yang W/, Jennison BL, Goodrich A, Omaye ST.

Air pollution and birth weight in northern Nevada,1991-1999.
Inhal Toxicol 2002;14:141-57.

Lee BE, Ha EH, Park HS, et al. Exposure to air pollution during
different gestational phases contributes to risks of low birth weight.
Hum Reprod 2003;18:638-43.

Liu S, Kreweski D, Shi Y, Chen Y, Burnett RT. Association

between gaseous ambient air pollutants and adverse pregnancy
outcomes in Vancouver, Canada. Environ Health Perspect
2003;111:1773-8.

Parker JD, Woodruff TJ, Basu R, Schoendorf KC. Air pollution and
birth weight among term infants in California. Pediatrics
2005;115,121-8.

Dales R, Burnett RT, Smith-Doiron M, Stieb DM, Brook JR.

Air pollution and sudden infant death syndrome. Pediatrics
2004;113:e628-31.

Glinianaia SV, Rankin J, Bell R, Pless-Mulloli T, Howel D.

Does particulate air pollution contribute to infant death?

A systematic review. Environ Health Perspect 2004;112:1365-71.
Ha EH, Lee JT, Kim H, et al. Infant susceptibility of mortality to air
pollution in Seoul, South Korea. Pediatrics 2003;111:284-90.
Leonardi GS, Haouthuijs D, Steerenberg PA, et al. Immune
biomarkers in relation to exposure to particulate matter:

A cross-sectional survey in 17 cities of Central Europe. Inhal Toxicol
2000;4:1-14.

Gilliland FD, Berhane K, Rappaport EB, et al. The effects of ambient
air pollution on school absenteeism due to respiratory illnesses.
Epidemiology 2001;12:43-54.

232

25.

26.

21.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

Ritz B, Yu E Fruin S, Chapa G, Shaw GM, Harris JA. Ambient air
pollution and risk of birth defects in Southern California.

Am ] Epidemiol 2002;155:17-25.

Canada Gazette. Environmental Protection Act, 1999: Agreement
Respecting the National Air Pollution Surveillance (NAPS)
Program Memorandum of Understanding (MOU).
<http://canadagazette.gc.ca/part]/2004/2004013 1 /html/supp 1 -e.html>
(Version current at February 22, 2007).

Lin M, Chen Y, Villeneuve PJ, et al. Gaseous air pollution and
asthma hospitalization of children with low household income in
Vancouver, British Columbia, Canada. Am ] Epidemiol
2004;159:294-303.

Yang Q, Chen Y, Shi Y, Burnett RT, McGrail KM, Krewski D.
Association between ozone and respiratory admissions among
children and elderly in Vancouver, Canada. Inhal Toxicol
2003;15:1297-308.

Bates DV, Baker-Anderson M, Sizto R. Asthmatic attack periodicity:
A study of hospital emergency visits in Vancouver. Environ Res
1990;51:51-70.

Burnett RT, Smith-Doiron M, Stieb D, et al. Association between
ozone and hospitalization for acute respiratory diseases in children
less than 2 years of age. Am ] Epidemiol 2001;153:444-52.

Lin M, Chen Y, Burnett RT, Villeneuve PJ, Krewski D. The
influence of ambient coarse particulate matter on asthma
hospitalization in children: Case-crossover and time-series analyses.
Environ Health Perspect 2002;110:575-81.

Delfino R], Murphy-Moulton AM, Burnett RT, Brook JR,

Becklake MR. Effects of air pollution on emergency room visits for
respiratory illnesses in Montreal, Quebec. Am ] Respir Crit Care
Med 1997;155:568-76.

Stieb DM, Burnett RT, Beveridge RC, Brook JR. Association
between ozone and asthma emergency department visits in Saint
John, New Brunswick, Canada. Environ Health Perspect
1996;104:1354-60.

Lin M, Chen Y, Burnett RT, Villeneuve PJ, Krewski D. Effects of
short-term exposure to gaseous pollution on asthma hospitalization
in children: A bi-directional case-crossover analysis. ] Epidemiol
Community Health 2003;57:50-5.

Stern B, Jones L, Raizenne M, Burnett R, Meranger JC,

Franklin CA. Respiratory health effects associated with ambient
sulfates and ozone in two rural Canadian communities. Environ Res
1989;49:20-39.

Stern BR, Raizenne ME, Burnett RT, Jones L, Kearly ], Franklin CA.
Air pollution and childhood respiratory health: Exposures to sulfate
and ozone in 10 Canadian rural communities. Environ Res
1994;66:125-42.

Neidell MJ. Air pollution, health, and socio-economic status:

The effect of outdoor air quality on childhood asthma. ] Health Econ
2004;23:1209-36.

Gwynn RC, Thurston GD. The burden of air pollution:

Impacts among racial minorities. Environ Health Perspect
2001;109(Suppl 4):501-6.

Wong GW, Ko FW, Lau TS, et al. Temporal relationship between air
pollution and hospital admissions for asthmatic children in

Hong Kong. Clin Exp Allergy 2001;31:565-9.

World Health Organization. Report on a WHO working group:
Health aspects of air pollution with particulate matter, ozone and
nitrogen dioxide. <http://www.euro.who.int/document/e79097.pdf>
(Version current at February 22, 2007).

Romieu I, Meneses F, Sienra-Monge JJ, et al. Effects of urban air
pollutants on emergency visits for children with asthma in Mexico
City. Am ] Epidemiol 1995;141:546-53.

Barnett AG, Williams GM, Schwartz ], et al. Air pollution and child
respiratory health: A case-crossover study in Australia and

New Zealand. Am ] Respir Crit Care Med 2005;171:1272-8.

Braga AL, Saldiva PH, Pereira LA, et al. Health effects of air
pollution exposure on children and adolescents in Sao Paolo, Brazil.
Pediatr Pulmonol 2001;31:106-13.

Gouveia N, Fletcher T. Respiratory diseases in children and outdoor
air pollution in Sao Paolo, Brazil: A time-series analysis. Occup
Environ Med 2000;57:477-83.

Ilabaca M, Olaeta I, Campos E, Villaire ], Tellez-Rojo MM, Romieu I.
Association between levels of fine particulate and emergency visits
for pneumonia and other respiratory illnesses among children in
Santiago, Chile. ] Air Waste Manage Assoc 1999;49:154-63.

Paediatr Child Health Vol 12 No 3 March 2007



46.

41.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63

Lin CA, Martins MA, Farhat SC, et al. Air pollution and respiratory
illness of children in Sao Paulo, Brazil. Paediatr Perinat Epidemiol
1999;13:475-88.

Hong CY, Chia SE, Widjaja D, et al. Prevalence of respiratory
symptoms in children and air quality by village in rural Indonesia.

J Occup Environ Med 2004;46:1174-9.

Peacock JL, Symonds P, Jackson P, et al. Acute effect of winter air
pollution on respiratory function in schoolchildren in southern
England. Occup Environ Med 2003;60:82-9.

Kim JH, Lim DH, Kim JK, Jeong SJ, Son BK. Effects of particulate
matter (PM, ) on the pulmonary function of middle-school children.
] Korean Med Sci 2005;20:42-5

Maisonet M, Bush TJ, Correa A, Jaakkola. Relation between
ambient air pollution and low birth weight in the Northeastern
United States. Environ Health Perspect 2001;1109(Suppl 3):351-6.
Ritz B, Yu E The effects of ambient carbon monoxide on low birth
weight among children born in southern California born between
1989 and 1993. Environ Health Perspect 1999;107:17-25.

Bobak M. Outdoor air pollution, low birth weight, and prematurity.
Environ Health Perspect 2000;108:173-6.

Ha EH, Hong YC, Lee BE, Woo BH, Schwartz J, Christiani DC.

Is air pollution a risk factor for low birth weight in Seoul?
Epidemiology 2001;12;643-8.

Lin CM, Li CY, Yang GY, Mao IE Association between maternal
exposure to elevated ambient sulfur dioxide during pregnancy and
term low birth weight. Environ Res 2004;96:41-50.

Sagiv SK, Mendola P, Loomis D, et al. A time-series analysis of air
pollution and preterm birth in Pennsylvania, 1997-2001.

Environ Health Perspect 2005;113:602-6.

Ritz B, Yu E Chapa G, Fruin S. Effects of air pollution on preterm
birth among children born in Southern California between 1989 and
1993. Epidemiology 2000;11:502-11.

Dejmek J, Selevan SG, Benes I, Solansky I, Sram R]. Fetal growth
and maternal exposure to particulate matter during pregnancy.
Environ Health Perspect 1999;107:475-80.

Hoppenbrouwers T, Calub M, Arakawa K, Hodgman JE.

Seasonal relationship of sudden infant death syndrome and
environmental pollutants. Am ] Epidemiol 1981;113:623-35.
Klanoff-Cohen H, Lam PK, Lewis A. Outdoor carbon monoxide,
nitrogen dioxide, and sudden infant death syndrome.

Arch Dis Child 2005;90:750-3.

Greenberg MA, Nelson KE, Carnow BW. A study of the relationship
between sudden infant death syndrome and environmental factors.
Am ] Epidemiol 1973;98:412-22.

Bobak M, Leon DA. The effects of air pollution on infant mortality
appears specific for respiratory causes in the postneonatal period.
Epidemiology 1999;10:666-70.

Woodruff TJ, Grillo ], Schoendorf KC. The relationship between
selected causes of postneonatal infant mortality and particulate air
pollution in the United States. Environ Health Perspect
1997;105:608-12.

Lipfert FW, Zhang J, Wyzga RE. Infant mortality and air pollution:
A comprehensive analysis of US data for 1990. ] Air Waste Manage
Assoc 2000;50:1350-66.

64.

65.

66.

61.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

8.

79.

Air pollution and children’s health

Lee PK, Brook JR, Dabek-Zlotorzynska E, Mabury SA. Identification
of the major sources contributing to PM, 5 observed in Toronto.
Environ Sci Technol 2003;37:4831-40.

Elminir HK. Dependence of urban air pollution on meteorology.

Sci Total Environ 2005;350:225-37.

Ho KE Lee SC, Cao JJ, Chow JC, Watson JG, Chan CK.

Seasonal variations and mass closure analysis of particulate matter in
Hong Kong. Sci Total Eviron 2006;355:276-87.

Campbell ME, Li Q, Gingrich SE, Macfarlane RG, Cheng S.

Should people be physically active outdoors on smog alert days?
Can ] Public Health 2005;96:24-8.

Bell ML, Davis DL, Gouveia N, Borja-Aburto VH, Cifuentes LA.
The avoidable health effects of air pollution in three Latin American
cities: Santiago, Sao Paolo, and Mexico City. Environ Res
2006;100:431-40.

Baldasano JM, Valera E, Jimenez P. Air quality data from large cities.
Sci Total Environ 2003;307:141-65.

Sarnat SE, Coull BA, Schwartz ], Gold DR, Suh HH. Factors
affecting the association between ambient air concentrations and
personal exposures to particles and gases. Environ Health Perspect
2006;114:649-54.

Gower SK, McColl S. Development of the PEARLS model
(Particulate Exposure from Ambient to Regional Lung by Subgroup
(and use of Monte Carlo simulation to predict internal exposures to
PM in Toronto. Risk Anal 2005;25:301-15.

Payne-Sturges DC, Burke TA, Breysse P, Diener-West M, Buckley T]J.
Personal exposure meets risk assessment: A comparison of measured
and modeled exposure and risks in an urban community. Environ
Health Perspect 2004;112:589-98.

Leech JA, Nelson WC, Burnett RT, Aoron S, Raizenne ME.

It’s about time: A comparison of Canadian and American
time-activity patterns. ] Expo Anal Environ Epidemiol
2002;12:427-32.

Chau CK, Tu EY, Chan DW, Burnett J. Estimating the total exposure
to air pollutants for different population age groups in Hong Kong.
Environ Int 2002;27:617-30.

Cao J], Lee SC, Chow ]JC, et al. Indoor/outdoor relationships

for PM, 5 and associated carbonaceous pollutants at residential
homes in Hong Kong — case study. Indoor Air 2005;15:197-204.
Ramirez-Aguilar M, Cicero-Fernandez P, Winer AM, Romieu I,
Meneses-Gonzalez F, Hernandez-Avila M. Measurement of personal
exposure to nitrogen dioxide in four Mexican cities in 1996.

] Air Waste Manage Assoc 2002;52:50-7.

Rojas-Bracho L, Suh HH, Oyola P, Koutrakis P. Measurements of
children’s exposures to particles and nitrogen dioxide in Santiago,
Chile. Sci Total Environ 2002;287:249-64.

The World Bank. Data & Statistics: Country classification,
Washington, 2006. <http://web.worldbank.org/WBSITE/
EXTERNAL/DATASTATISTICS/0,,contentMDK:20420458~menu
PK:64133156~pagePK:64133150~piPK:64133175~theSitePK:
239419,00.html> (Version current at February 22, 2007).

World Health Organization. The world health report 2006: Working
together for health. <http://www.who.int/whr/2006/whr06_en.pdf>
(Version current at February 22, 2007).

Paediatr Child Health Vol 12 No 3 March 2007

233




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENC ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




