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Abstract

Background: Petrochemical industry emits air pollutants in abundance, which may harm human health, especially the
population living near the industry. Children are reported to be the population group of main concern since this sus-
ceptible population spends the majority of their time outdoors and their active lifestyle can increase their breathing
rate, which then leads to a greater inhalation dose of air pollutants and greater risk of health effects.

Method: The materials for this review were obtained from several on-line databases such as PubMed, Proquest, Sco-
pus and Science Direct (year 1990-2015). In this review, we highlighted several relevant studies on respiratory health
effects from petrochemical air pollutant exposure among children living in the neighborhood and highlighted the fac-
tors, which contributed to the severity of the health outcomes.

Results: Short term petrochemical air pollutant exposure increases respiratory symptom, reduces lung function and
incidence of asthma especially for those who living within 5 km radius from the industry.

Conclusion: This review will provide a compilation of potential respiratory health outcomes that arises from the inha-

lation of petrochemical air pollutants among children.
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Introduction

Industrialization signifies positive and vital eco-
nomic growth in a country. Excessive growth of
large-scale industries contributes to numerous en-
vironmental problems, especially the abundant
release of air pollutant. The petrochemical indus-
try is considered the dominant contributor of an-
thropogenic air pollution in a petroleum produc-
ing country. It can emit a wide range of point
source pollutants such as volatile organic com-
pounds, persistent organic pollutant and combus-
tion end products that includes particulate matter
(PM), sulphur dioxide (SO,), nitrogen dioxide
(NO,) and volatile organic carbon (VOC) through
the plant’s operation (1-4). Apart from that, mo-
bile air pollutants from the heavy traffic density
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around the petrochemical area may synergize pol-
lutant concentration in the atmosphere. Exposure
to mixtures of air pollutants may be significant to
the residents living in the adjacent residential
zones, especially in term of health effects (2, 5).
Based on literature reviews toddlers, young infants,
people with respiratory diseases, elderly and chil-
dren have been postulated as the higher risk group
(6-8).

Air pollutants definitely have many health impacts
on adults and children, but children are amongst
the most susceptible group of the population.

The reason being, their physical and biological
condition is still under development stage. Expo-
sure to a highly polluted environment during their
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childhood can alter the physiological development
of the lungs (9, 10). In addition, they usually spend
the majority of their time outdoors, especially at
times when PM concentrations are higher than the
usual. Their active lifestyle can increase their
breathing rate, which leads to a greater inhalation
dose of air pollutants and present a greater risk of
contracting health effects (11). Furthermore, chil-
dren are typically mouth-breathers, which cause
air pollutants to be deposited deep in the respira-
tory tract, lungs and eventually the blood stream.
In contrast, adults tend to breathe using their nose,
which enables the reduction of some the pollutant
concentration, especially larger particles (12). Poor
health status among children will significantly af-
fect their study performance, school attendance,
productivity, and eventually trigger other illnesses
(13). Thus, there is a need to understand the pos-
sible health outcomes from petrochemical air pol-
lutant exposure among children.

In this review, we emphasize a summary of epi-
demiological studies conducted on various respira-
tory health outcomes among children who lived
near the petrochemical industry.

Methods

The materials for this review was obtained from
several on-line databases; PubMed, Proquest, Sco-
pus and Science Direct. All the references used in
this review were articles written in the English lan-
guage with specific years of publication from the
year 1990 to 2015. Besides that, the articles used in
this study were full-published papers, including
original scientific papers, reviews and letters, which
emphasized on petrochemical air pollutants and the
related public health effects. Occupational exposure
was excluded from the search criteria. The key-
wotds used were “petrochemical and acute health
effect”, “petrochemical industry and children”,
“petrochemical industry and respiratory health ef-
fects”. Apart from that, a comprehensive search
was conducted which mainly focused on articles
related to association between petrochemical air
pollutants and respiratory health outcomes among
children only.
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Results

Inhalation of petrochemical air pollutants such as
PM, NO,, and SO, can cause various acute health
effects. Based on literature surveys, we found nine
relevant studies on the association between petro-
chemical air pollutant exposure and acute respirato-
ry health effects among children. The findings of
those related studies are summarized in Table 1.

Asthma attack

Poor ambient air quality has been related to in-
creased hospital admissions and emergency de-
partment visits due to asthma attacks. In a nested
case control study (14) children aged less than 17
yr old who lived in close proximity to the petrole-
um refinery in Catano Municipality, Puerto Rico
had a 44% risk of asthma attack with an odd ratio,
OR of 1.44 (95% CI 1.33-1.56) as compared to
the control population. The study was conducted
based on 1,382 children cases who claimed insur-
ance for physician diagnosed asthma attack during
a period of 1997 to 2001, meanwhile the reference
population were children free from asthma attacks
on the day of observation and or had other respir-
atory problem excluding asthma apart from that,
Smargiassi et al. (15) reported that high peak SO,
emission from nearby oil refineries increased
asthma attacks among children in Montreal, Can-
ada with 263 case hospitalizations and 1,579
emergency visits for asthma during the year 1996
to 2004.

Self-reported asthma

Asthma prevalence is characterized by the fre-
quency of previous and current wheezing episodes,
frequent coughing without cold, influenza and
having a lifetime history of asthma. There are sev-
eral studies, highlighted the prevalence of doctor-
diagnosed asthma among children who resided
near industrial areas through questionnaires data.
For instance, children aged 6 to 12 yr old, who
were living close to six petrochemical plants in La
Plata, Argentina had the highest prevalence of
asthma, 24.8% and more asthma exacerbation,
0.7% (P<0.001) as compared to a population that
lived in urban, semi-rural and residential area (16).

10



Iran J Public Health, Vol. 45, Suppl. Issue No. 1, Feb 2016, pp.9-16

Table 1: Summary of scientific studies on petrochemical air pollutant exposure and acute health effect

Authors

Subject

Design

Tool

Outcome

Loyo-Bertios et al.
14

Smargiassi et al.

15

Wichmann et al.
(16)

White et al. (17)

Bhopal et al. (18)

de Moraes et al.
19)

Case:

Claimed insurance
for asthma attack
Control

a)Group 1: no asth-
ma attack on the day
of observation
b)Group 2: no at-
tack on the day of
observation

3470 children aged
2-4 years old

Visit emergency de-
partment, (ED)

1212 children aged
6-12 years
(voluntary)
Argentina

2361 children

Age: 11-14 years

(all children living in
the respective study
area)

1888

Children (less than
16 years)

6399 adult

16-79 years

209 children
Age 0-14 years
Brazil

Nested case-control 5
years follow up (Jan
1997- Dec 2001)

Data was obtained
from 2 health insurance
companies in the Cata-
no municipality of
Puerto Rico.

Time stratified case
crossover, in Canada
(1996-2004)
*Assessment distance
0.5-7.5km

*Conduct time strati-
fied approach for

case control days
*Cross sectional study
*Area:

1)Polluted area:
-Industrial(T)
-urban(U)
2)Unpolluted area:
-Semirural (S)
-Residential (R)
Cross-sectional study in
South Africa

*Time series case study
*4 zone

-Zone Teesside (ABC):
close to petrochemical
plant

-Zone Sunderland (S):

125km from ABC

Cross-sectional study in
Brazil

Sampling area:

*5km from the industry
Exposed group:

*Live downwind
Reference group:

*Live upwind

Exposure assessment:
Measuring distance from point
source air pollution to the
centet of residency’s census
block

Measute daily SO; at 2 fixed
monitoring site SO located
close to the refineries and es-
timate from air dispersion
modelling software, AER-
MOD

* International Study of Asth-
ma and Allergies in Childhood
(ISAAC) questionnaire

*Air sampling

*Lung function testing

*ISAAC written

*Video questionnaire.
*Meteorologically estimated
exposure (MEE)

*Questionnaires
*Air quality data obtained
from local monitoring station

*ISAAC questionnaires
*air sampling (Real time air
monitoring station)

*1,382 asthma-related medical visits
had been reported by 2 health insur-
ance companies for a period of year
1997 to 2001

*OR adj for asthma attack per 1km
decrease in the mean distance from a
major source was 2.08 (95%CI 1.61-
2.7) when be compated to group 1.
*Children lived nearby to petroleum
refinery had 44% risk of asthma attack
with adjusted OR 1.44 (95% CI 1.33-
1.56) in the comparison of control
groupl

*Hospitalizations and emergency de-
partment, ED visits were more strong-
ly related to peak SO»

*The risks of ED visits and hospitali-
zations were more pronounced for
same-day

(lag 0) SOz peak levels

*Children residing in the industrial
area had significant greater prevalence
of asthma, asthma exacerbations and
more respiratory symptoms

*Children exposed to higher levels of
pollutants had lower lung function
*Length of residence in the area was a
significant risk factor

*Increased prevalence of asthma
symptoms among children in the stud-
ied area

*Self- reported asthma, exercise
wheeze and hayfever showed no rela-
tionship with proximity to refinery and
MEE

*MEE was significantly associated
with wheezing at rest, frequent wheez-
ing at rest, recent sleep disturbance by
wheezing, frequent sleep disturbance
by cough.

*Respiratory symptom higher among
children with OR 2.01 (95% CI 0.90-
4.50)

*Self-reported illness among adult
zone ABC is not significant (P>0.005)
*Exposure to air pollutant not have
clear effects on morbidity, possible
exacerbation asthma or mortality.
*Exposed group had wheezing in the
last 12 months 2 times as compare to
reference group (ORuq; =2.01, 95% CI
1.01-4.01).

*Male gender and children under 7
years old had greater risk of wheezing

*No association between crowding
and wheezing
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Table 2: Cond

Ayuni et al. (20) 120 children

Age 10-12 years

*Cross sectional study
in Malaysia

*Studied group: 1km
*Reference group:
10km from industry

Rusconi etal. (21)  Exposed group: 275
children Italy
Reference group:214

(Age:6-14 years)

Yang et al. (22) 470 children inex-
posed atea
611 children in ref-

€rence area

Taiwan

Exposed area, Linyuan
Reference area: Taihst,
130km from polluted
area

Cross sectional study in

Cross-sectional study in

*Questionnaire

*Indoor air quality monitoring
in classroom

*Lung function test

*ISAAC questionnaire

*Air sampling

(3 weeks)

*Lung function test
*Malondialdehyde-deoxygua-
nosine (MDA-dG)

*Adapted and modified ques-
tionnaire

*Air quality data from local
monitoring station

*FEV1/FVCY% predicted was signifi-
cantly different between studied and
comparative group *Concentration
PMjp and NO3 have significant asso-
ciation with respiratory symptom and

lung function

*Proximity to industry, higher risk
*Children in exposed area exhibited
high risk wheezing symptom, decre-
ment pulmonary function, enhance
bronchial inflammation, and increase

MDA-dG nasal mucosa

*Air pollutant impair lung function

and cause airway inflammation

*High prevalence respiratory symp-
tom among exposed children but in-
significant except for asthma and

upper respiratory symptoms

*OR,gj asthma 2.76 (95% CI 1.19-
6.39), OR,q; upper respiratory symp-
tom 1.51 (95% CI 1.10-2.08)

Apart from that, the population also exhibited
high risk of asthma (OR 2.76; 95% confidence
interval; CI, 1.96-3.89) and asthma exacerbations
(OR, 1.88; 95% CI, 1.25- 1.83) as compared to
other areas after controlling for confounders such
as age, sex, body mass index, proximity to busy
roads and other non-petrochemical industries,
length of breastfeeding, socioeconomic, and de-
mographic characteristics of children or their
families. White et al. (17) also highlighted the
greater prevalence of asthma symptoms among
children aged 11 to 14 yr, who was living nearby a
petrochemical refinery in Cape Town, South Af-
rica.

Another study in England (18) showed a contrast
finding on the asthma risk among children below
the age of 16 years. Children who resided in the
Tessidie zone (close to petrochemical plant) have
a low risk of asthma with an OR of 0.87 (95% CI
0.69-1.11) after controlling the confounders such
as damp housing, overcrowding, parental smok-
ing, family history of asthma, and gas appliances.
Besides that, the author also clarified that expo-
sure to air pollutants do not have clear effects on
possible exacerbating asthma.

A recent study (3) also revealed similar prevalence
of asthma in the exposed group and reference
group. However, the adolescents aged 13-14 yr
for both groups had greater prevalence of asthma
13.9% (95% CI 12.2-15.6) as compared to chil-
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dren aged 6 to 7 years with a total prevalence of

5.0% (95% CI 3.9-6.1).

Respiratory symptom

Respiratory symptoms among children are com-
monly assessed from questionnaires filled by their
parent or legal guardians. In Brazil, 209 parents of
children aged less than 14 yr old were requested
to fill the questionnaire on respiratory symptoms,
especially wheezing symptom. In this study, the
difference in respiratory symptoms was being ob-
served between two groups; exposed group were
children who lived within the dispersion plume
while the reference group lived upwind from the
dispersion plume of the petrochemical complex.
The statistical analysis showed a significant fre-
quency of wheezing in the last 12 months as com-
pared to the reference group (OR 1.81, 95% CI
0.94-3.50) and this is more obvious among boys
(OR 2.5; 95% CI 1.21-5.18) after controlling the
confounders such as age and community (19).
There was no significant difference in terms of
prevalence of respiratory symptoms among chil-
dren aged 6 to 7 years for both groups (3). Mean-
while, children aged 13 to 14 yr who lived 1 km
from the petrochemical industry, had significantly
increased prevalence of nocturnal dry cough as
compared to the reference area (P<0.001).

A recent study (20) also showed greater preva-
lence of respiratory symptoms among primary

12



Iran J Public Health, Vol. 45, Suppl. Issue No. 1, Feb 2016, pp.9-16

school children aged 10 to 12 yr who was living 1
km from the Kertih Petrochemical Industry, Ma-
laysia as compared to the reference group; children
who were living in 10km distance from the plant.
The prevalence ratio cough, phlegm, chest tight-
ness and wheezing were 5.09 (95% CI 2.23-11.65),
9.66 (95% CI 2.10-44.46), 9.08 (95% CI 1.09-75.0)
and 9.07(95% CI 1.89-25.2) respectively. These
indicate that proximity to the industrial zone, espe-
cially petrochemical plant play a significant role in
worsening the respiratory health.

Lung function status

Spirometric test is frequently used to assess lung
function status through a deep inhalation and ex-
piration process via mouthpiece attached to a de-
vice namely spirometer. This measurement is re-
flecting a cumulative lung growth up to the age of
children. In other word, children with highest
lung function possess highest lung growth. In this
review, several scientific studies have been identi-
fied demonstrating lung health condition among
children living near the petrochemical industry.
For instance, children who lived in the industrial
area demonstrated significant decrease in forced
expiratory volume in one second (FEV,%) and
the ratio of forced expiratory volume in one se-
cond over forced vital capacity (FEV,/FVC%) as
compared to the comparative group (P<0.001)
(16). Statistical analysis also showed that the pa-
rameter of lung function test, FEV %, and
FEV,/FVC% had a significant negative associa-
tion with PM,, concentration, (0.408 and -0.661),
and PM,; concentration in all sampling areas
(0.414 and 0.672) respectively. In other words,
high concentration particulate matter in ambient
air of sampling area could impair lung function
health. A cross sectional study (21) also demon-
strated the same finding with the decrement of
lung function among the exposed group with a
prevalence rate for FEV1 -10.3% (90% CI -15.0-
0.0%). Another study (20) also showed a signifi-
cant decrease in FEV,/ FVC% predicted between
the exposed and comparative groups. However,
FEV, and FVC demonstrated similar outcomes
for both the respondent groups. Besides that, the
authors also highlighted that the reduction of in
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FEV,/ FVC% among the exposed group was in-
fluenced by high concentrations of indoor PM,,
and NO,, with an OR of 1.08 (95% CI 1.01-1.16)
and 1.92 (95% CI 1.07-3.45).

Discussion

Factor affecting health outcome: Proximity
The majority of studies on petrochemical air pol-
lutants exposure clearly characterized people who
live within the specific radius (less than 5km from
the industry) as the exposed group. Meanwhile
the reference groups were residents living more
than 10km and up to 130 km, and being charac-
terized with low pollutant exposure (low traffic
density). In contrast, a study (19) classified the
exposed and control group based on wind expo-
sure and respondent’s location. The authors con-
sidered resident residing in location against the
direction of wind as a community with less expo-
sure to dispersion plume. However, in that study,
the authors did not mention the interpretation of
dispersion plume quantitatively, and this might
bring up confusion in the understanding level of
proximity of the source. Regarding the associa-
tion between health effect and proximity to point
source, several studies had concluded that expo-
sure to petrochemical air pollutants bring signifi-
cant respiratory health effects among children (16
17, 19-21). In contrast, exposure to petrochemical
air pollutants will not give significant health im-
pact to the community living in close proximity
to the petrochemical plant (3, 18, 22).

b

Behaviour emission air pollutant

Pulmonary health effects may vary between mul-
tiple studies, as the concentration and composi-
tion of air pollutants emitted from petrochemical
plants are different. The emission of air pollutant
relies highly on predominant wind direction, wind
speed, relative humidity, sun radiation, precipita-
tion and geographical factor. In addition, the in-
dustrial age, crude oil quality, production tech-
nology, pollution control technology, end product
and by-product petrochemical productions are
the vital variables in governing the composition
of petrochemical air pollutants and adverse health
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impacts. The existence of other industrial activi-
ties, construction activity and traffic pattern must
be clearly characterized in describing the site of
location that is to be studied because these ele-
ments can also impair the atmospheric quality (3).
Most of the studies related to petrochemical ex-
posures are cross sectional studies, meaning that
the investigation on health effects was conducted
at a single point in time within one season only
and therefore may create bias in reflecting real
exposure. In other word, investigation during se-
lective season may ignore the possibility of higher
exposure of air pollutant during other seasons.
The emission from the petrochemical plant from
time to time may differ in terms of pollutant con-
centration as it strongly relies on seasonal varia-
tion, pollutant interaction and heterogeneity (23).
The authors reported that air pollutant concentra-
tions in different seasons might cause different
health outcomes.

This evidence is supported by Cetin et al. (1) re-
garding high ambient VOC concentrations emit-
ted from the petrochemical industry during sum-
mer season as compared to other seasons in Tur-
key. Meanwhile, nitrogen dioxide was recorded to
be higher during the summer in comparative
studies of microenvironment during winter and
summer season (24). Hence, seasonal variability
must be emphasized clearly in any comprehensive
studies with an association with air pollutants and
health outcomes.

Exposure assessment

Various tools are used in air quality studies in or-
der to obtain quantitative data on petrochemical
air pollutants, including fixed air quality monitor-
ing station, ambient air sampler and individual air
sampler. Based on petrochemical related litera-
tures, four studies used ambient air sampler (15,
16, 20, 21), three studies used data obtained from
local air quality monitoring station (18, 19, 22).
Data obtained from local air quality monitoring
stations constitute of a broader area. They can be
used as a rough approximation or estimation of
the actual exposure. However, the selection is
representative of air quality monitoring stations,

Available at:  http://ijph.tums.ac.ir

which plays a significant role in determining the
accuracy of exposure.

The choice of representative background moni-
toring station for one sampling area must consid-
er the distance between urban and peri-urban are-
as (25). For instance, if the study area was located
within 2 km from the urban or peri-urban, the
station will be selected as representative air quality
station. However if the study area is located in a
peri-urban area, but there were no station within
the Skm radius, the researcher have the option to
measure the respective air pollutant at all nearby
stations.

There were no studies mentioning the distance of
the representative station with study area except de
Moraes et al. (19). The secondary data obtain from
local air quality monitoring station may be imper-
fect due to gaps in monitoring network terms of
the placement of the monitoring stations. Bhopal
et al. (18) did mention the existing gap in air quality
data from January 1992 until September 1994. Re-
garding personal air sampler, a single study used
personal air samplers to measure indoor and out-
door air pollutants (15). It is important to note that
a personal measurement does not provide a more
valid data than a stationary measurement as it is
often influenced by other sources than those on
the focus of the point source emission. It thus
may contribute to the additional confounding fac-
tor (20).

Apart from that, there is also air quality modelling
approach, which had been used in elaborating ex-
posure to petrochemical air pollutants. For in-
stance, Smargiassi et al. (15) used dispersion mod-
elling approach in assigning a comprehensive indi-
vidual exposure by measuring daily SO, at two
fixed monitoring sites where SO, located close to
the refineries and estimate from AERMOD
(American Meteorological Society/ Environmental
Protection Agency Regulatory Model) atmospheric
dispersion model. From this modelling, the au-
thors are able to map the level of pollutant con-
centration and make a rigid conclusion on the as-
sociation between SO, exposure from a petro-
chemical industry and admission to the emergency
department due to asthma. This model is very use-
ful and applicable in representing the point source
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exposures in areas especially where there is no lo-
cal monitor; or where monitors are not close
enough to represent appropriately exposure to
emission sources, more than 5 km radius. Other
than that, air quality modelling approach in the
form of a meteorological estimated exposure had
been used in a study by White et al (17) as a
cheapest tool to represent a linkage between ex-
posure refinery air pollutants and respiratory
symptoms.

Conclusion

The installation of petrochemical refinery and
storage facilities emitted abundant of toxic air
pollutants The emission might be controlled effi-
ciently through the presence of effective pollution
prevention technology, however the air pollutant
able to escape accidently due to operational dys-
function or human error. Things become compli-
cated if the petrochemical air pollutants failed to
be controlled efficiently. Failure to do so will con-
tribute negative impacts to the public health, es-
pecially to residence living close to the petro-
chemical area. Furthermore, children are fre-
quently nominated as the susceptible population
as they tend to inhale greater inhalation doses of
air pollutants even though they have low lung ca-
pacity (7, 27).

Most of the epidemiological studies demonstrated
that children living within the 5km radius from
petrochemical industry have a greater risk of res-
piratory symptoms, poor lung function and asth-
ma attacks. The poor respiratory health reported
can reduce their performance in class; affect daily
attendance and daily activities (13). Preventive
measures must be taken in order to ensure chil-
dren in the neighborhood can survive under low
or minimal petrochemical air pollutants emission
either in term of technology itself, stringent regu-
lation or environmental barrier.

Ethical Consideration

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission)
have been completely observed by the authors.

15

Acknowledgements

This paper was written in part of by a Fundamen-
tal Research Grant Scheme (FRGS) funded by
the Ministry of Education, Malaysia (Project code:

04-01-14-1449FR). The authors declare that there
is no conflict of interests.

References

1. Cetin E, Odabast M, Seyfioglu R (2003). Ambient
volatile organic compound (VOC) concentra-
tions around a petrochemical complex and a
petroleum refinery. Se Total Environ, 312:103-
112.

2. Nadal M, Mari M, Schuhmacher M, Domingo JL
(2009). Multi-compartmental environmental
surveillance of a petrochemical area: Levels of
micropollutants. Environ Int, 35:227-235.

3. Rovira E, Cuadras A, Aguilar X, Esteban L,
Borras-santos A, Zock JP, Sunyer | (2014).
Asthma, respiratory symptoms and lung func-
tion in children living near a petrochemical
site. Environ Res, 133:156-163.

4. Zhao B, Zhang S, Zhou Y, He D, Li Y, Ren M,
Fang ] (2015). Characterization and quantifi-
cation of PAH atmospheric pollution from a
large petrochemical complex in Guangzhou:
GC-MS / MS analysis. Microchen ], 119:140-
144.

5. Vawda S, Mansour R, Takeda A, Funnell P, Ket-
1y S, Mudway I, Jamaludin ], Shaheen S, Grif-
fiths C, Walton R (2014). Associations be-
tween inflammatory and immune response
genes and adverse respiratory outcomes fol-
lowing exposure to outdoor air pollution: A
huge systematic review. _Am | Epidemiol,
179(4):432-442.

6. Peled R (2011). Air pollution exposure: Who is
at high risk ? _Asmwos Environ, 45:1781-1785.

7. Choo CP, Jalaludin | (2015). An overview of in-
door air quality and its impact on respiratory
health among Malaysian school-aged children.
Rev Environ Health, 30(1):9-18.

8. Suhaimi NF, Jalaludin | (2015). Biomarker as a
Research Tool in Linking Exposure to Air
Particles and Respiratory Health. Biomed Res
Int, 2015:1-10.

9. Esposito S, Tenconi R, Lelii M, Preti V, Nazzari
E, Consolo S, Patria MF (2014). Possible mo-

Available at: http://ijph.tums.ac.ir



10.

11.

12.

13.

14.

15.

16.

17.

18.

Available at:

Sopian et al.: Risk of Respiratory Health Impairment among Susceptible ...

lecular mechanisms linking air pollution and
asthma in children. BMC Pulm Med, 14(31):1-
8.

Mohd Nor Rawi NA, Jalaludin J, Chua PC
(2015). Indoor Air Quality and Respiratory
Health among Malay Preschool Children in
Selangor. Biomed Res Int, 2015:1-8.

Sanchez-Guerra M, Pelallo-Martinez N, Diaz-
Barriga F, Rothenberg SJ, Hernandez-Cadena
L, Faugeron S, Oropeza-hernandez LF,
Guaderrama-diaz M, Quintanilla-vega B
(2012). Environmental polycyclic aromatic hy-
drocarbon (PAH) exposure and DNA dam-
age in Mexican children. Mutat Res Toxico! En-
viron Mutagen, 742:66-71.

Bateson TF, Schwartz | (2008). Children’s re-
sponse to air pollutants. | Toxicol Environ Heal
Part A, 71(3):238-243.

Chua PC, Jalaludin ], Hashim Z (2014). School’s
indoor air quality and respiratory health impli-
cations among children. Ady Environ Bio/
8(14):112-121.

Loyo-Berrios NI, Irizarry R, Hennessey JG, Tao
XG, Matanoski G (2007). Air pollution
sources and childhood asthma attacks in
Catafio, Puerto Rico. Am | Epideniol,
165(8):927-935.

Smargiassi A, Kosatsky T, Hicks |, Plante C,
Armstrong B, Villeneuve PJ, Goudreau S
(2009). Risk of asthmatic episodes in children
exposed to sulfur dioxide stack emissions
from a refinery point source in Montreal, Can-
ada. Environ Health Perspect, 117(4):653-659.

Wichmann FA, Mu A, Busi LE, Ciann N, Mas-
solo L, Schlink U (2008). Increased asthma
and respiratory symptoms in children exposed
to petrochemical pollution. | Alergy Clin Innm-
nol, 123(3):632-638.

White N, teWaterNaude ], van der Walt A, Ra-
venscroft G, Roberts W, Ehrlich R (2009).
Meteorologically estimated exposure but not
distance predicts asthma symptoms in school-
children in the environs of a petrochemical re-
finery: a cross-sectional study. Environ Health,
8(45):1-10

Bhopal RS, Moffatt S, Pless-Mulloli T, Phillimore
PR, Foy C, Dunn CE, Tate ] (1998). Does liv-
ing near a constellaion of petrochemical,
steel, and other industries impair health? Oap

http://ijph.tums.ac.ir

19.

20.

21.

22.

23.

24.

25.

26.

27.

Environ Med, 55:812-822.

De Moraes ACL, Ignotti E, Netto PA, Jacobson
LDSV, Castro H, Hacon SDS (2010). Wheez-
ing in children and adolescents living next to a
petrochemical plant in Rio Grande do Norte,
Brazil. | Pediarr (Rio ), 86(4): 337-344.

Ayuni NA, Juliana J, Ibrahim MH (2014). Expo-
sure to PMjp and NO; and association with
respiratory health among primary school chil-
dren living near petrochemical industry area at
Kertih, Terengganu. | Med Bioeng, 3(4):282-
287.

Rusconi F, Catelan D, Accetta G, Peluso M,
Pistelli R, Barbone F, Di Felice E, Munnia A,
Paladini L, Serci A, Biggeri A (2011). Asthma
symptoms, lung function, and markers of oxi-
dative stress and inflammation in children ex-
posed to oil refinery pollution. | Asthma,
48:84-90.

Yang C, Wang |, Chan C, Hwang J, Chen (1998).
Respiratory symptoms of primary school chil-
dren living in a petrochemical polluted area in
Taiwan. Pediatr Pulnonol, 25:299-303.

Mejfa JF, Low S, Mengersen K, Morawska L
(2011). Methodology for assessing exposure
and impacts of air pollutants in school chil-
dren: Data collection, analysis and health ef-
fects - A literature review. Awmos Environ,
45:15-423.

Kornartit C, Sokhi RS, Burton M, Ravindra K
(2010). Activity pattern and personal exposure
to nitrogen dioxide in indoor and outdoor mi-
croenvironments. Ewmviron Int, 36(2):36-45.

Pénard-Morand C, Schillinger C, Armengaud A,
Debotte G, Chrétien E, Pellier S, Annesi-
Maesano 1 (2006). Assessment of schoolchil-
dren’s exposure to traffic-related air pollution
in the French Six Cities Study using a disper-
sion model. A#os Environ, 40:2274-2287.

Branco PTBS, Martins FG, Sousa SIV (2014).
The microenvironmental modelling approach
to assess children’ s exposure to air pollution-
A review. Environ Res, 135:317-332.

Cionita T, Jalaludin J, Adam NA, Siregar JP
(2014). Assessment of Children’s Health and
Indoor Air Contaminants of Day Care Centre
in Industrial Area. Iran | Public Health, 43(3):
81-88.

16



