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Abstract

Background: Particulate matter (PM) is the most common air pollutant found in West Jakarta, with the main

source being the increase of the motor vehicle used.

Methods: This study investigated the PM concentrations and the related health risk from PM exposure
on primary school students in West Jakarta. The PM, 5 concentration was measured using instrument

HAZDUST, Model: SKC EPAM-5000, PA 15330.

Results: The highest mean concentration of PM, ;s measured from three primary schools in West Jakarta was

129 pg/m?.

Discussion: The health risk analysis of the students showed that the PM, 5 intake was lower than the

reference dose or safety limit.

Conclusions: The findings of this study showed that primary school students were not under the risk of

exposure to PM, s in the school environment.
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Introduction

The air quality in West Jakarta was considered as
unhealthy and polluted according to the national air
quality criteria (KEPMEN LH NOMOR: KEP-45/
MENLH/10/19971). The data of air quality in West
Jakarta is collected from the monitoring stations
throughout Jakarta. According to the Jakarta province
regulation number 2 year 2005, the government has done
efforts on tackling air pollution and air quality recovery.
Regardless, those efforts did not seem to succeed in
lowering the level of air pollution®.

One of the main sources of air pollution was the
high number of motor vehicles in busy traffic. The
motor vehicles released several gasses and particulate
matter (PM). There are several categories of PM, i.e.,
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PM,,, PM, s, and ultrafine PM with a diameter of 0.1
um®. Smaller-sized PM caused a higher risk than the
bigger-sized PM®. The most common pollutant from
the incomplete fossil fuel combustion was PM, 5, which
has similar characteristics with gas molecules that can
reach the gas exchange areas in the lungs, translocate
the lungs, and reached the blood circulation system®.
PM, 5 can be easily inhaled into the respiratory system
and kept in the lung’s alveoli where toxic particles can
cause lung damage and disrupt the lung functions™*67)
. The PM, 5 also contributes to the steady increase of
asthma prevalence in humans, especially in children®.

Children spend most of their time in school.
Therefore, the air quality in school was considered as an
important factor which affects the health of children®.
Children are more vulnerable to a higher amount of
air pollution since their respiratory volume is higher
compared to adults'9", In general, the children’s organ
is more vulnerable to toxic compounds since it is not
fully developed!"). Therefore, a proper approach to
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calculating and predicting the health risk which called
the risk analysis on environmental health is needed,
which taken into account several steps, i.e., identification
of uncertain factors, investigation on certain exposure,
consideration on characteristics of concerning pollutant
agent and the specific target. This study aims to estimate
the risk of PM, s on primary school students in West
Jakarta.

Abbreviations

RQ Risk quotient

RFC Reference concentration
Methods

The samples in this study were taken from three
primary schools in West Jakarta which located near the
highway. The samples were coded as follows: CT 05,
CB 03, PS 06.

Sampling

The measurement of PM, 5 concentration was taken
from 3 points in the school area during the school hours.
The sampling point was based on the most visited areas
of students during school hours. The PM, 5 concentration
was measured with instrument HAZDUST (Model:
SKC EPAM-5000, PA 15330) and was being done at
the same time with the health survey.

Study Participants

Several inclusion criteria for sampled students used
were students from fourth and fifth grade in a healthy
condition and were willing to be respondents by signing
the form of consent. Besides that, the bias in this study
was minimized by ensuring that there were no friendship
or sibling relations between the students as the study
subject with the researcher.

Particulate Analysis

The results of PM, 5 concentration measured was
compared to the threshold value of the national threshold
value (i.e., PermenLH, Permenkes), WHO, and EPA
(see Table 1 for more details).

Health Risk Assessment

Parameters used to predict the health risk through
various inhalation ways are described in Table 2.
We calculated intake as the amount of risk agent
concentration (mg) which enters the human body with a
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certain weight (kg) daily (Equation 1).
(Equation 1)
With:
I =daily intake (mg/kg/day)
C = risk agent concentration (mg/m?)
R = inhalation rate (m’/hour)
L =exposure time (hour/day)
Ef = frequency of exposure (day/year)
Ed = duration of exposure (year)

Bwt = weight (kg)

At = average daily period

We then compared the intake value with the reference
dose (RfC), which resulted in the Risk Quotient (RQ)
value (mg/m’/day).

(Equation 2)

The reference dose (RfC) used was based on the
value of the National Ambient Air Quality Standards
(NAAQS) for the PM, 5 (35 pg/ m*). We did not use the
national air quality value since the default value of the
exposure factor was not known. The value of RfC used
on determining the risk of PM, 5 exposure was 0.005 mg/
kg/day (16).

Results

Respondent characteristics

The total number of the respondent in this study is
103 primary school students from three public primary
school in West Jakarta. The statistical descriptive of the
respondents studied is shown in Table 3. In all three
primary schools, respondents from the eleven-year
age group have the highest percentage on every school
compared with the other age groups.

Physical description of the study sites

The measurement of the physical environment of
each school was done on different days. Besides the
measurement of PM, s concentration, we also measured
the classrooms’ temperature and relative humidity. The
PM, 5 concentration on each study site was measured
from 9 points of sampling which were spread on each
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school for 6 hours. The lowest and highest value of PM, s
concentration found were both at primary school CB with
the lowest being 30 pg/m? (fifth-grade classroom) and
the highest being 197 ug/m? (fourth-grade classroom).

Analysis of environmental health risk

Anthropometry characteristics and respondents’
activity pattern

We used the default value of exposure time and
inhalation rate as described in the guidelines on the
analysis of environmental health risk!?. Other related
variables, i.e., respondents’ weight, exposure frequency,
and exposure time were variables that depend on each
respondent. The exposure frequency was calculated from
the number of appointed school days or effective school
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days (209 days) subtracted by the number of students’
absence days. We assumed that the exposure time is four
years for the fourth-grade students and 5 years for the
fifth-grade students. The students’ weight was measured
directly during the study.

The results showed that the respondents’ weight
was normally distributed (Table 5), except in the
primary school CB. From the total of 103 respondents,
the lowest weight recorded was 22.6 kg and the highest
was 69.6 kg. Based on the calculation of estimated risk,
the RQ value was < 1, which indicated that the health
exposure risk of PM, 5 on the primary school students
was considered safe during the moment of study. The
risk management will only be done if the value of RQ
exceeds 1.

Table 1. The threshold of PM, 5 concentration (ug/m®) for ambient and indoor air

Source of PM2.5 threshold regulations

Ambient air (ug/m3) Indoor air (ug/m3)

24 hours 1 year 24 jam

PermenLH No 12 Tahun 2010 (12)interconnected and stable
flowing network of these natural fractures within the shale,
without penetrating into water bearing zones below the shale.
Shale wells capable of producing gas at several million scf/d,
require development of a fracture pathway with shale face contact
of an estimated five to ten million square feet (about one million
square meters

65 15

Permenkes No 1077 Tahun 2011 (13)

35

World Health Organization (WHO) year 2005 (14)

25 10

Environmental Protection Agency (EPA) 2009 (15)1994;
hereafter, the Inhalation Dosimetry Methodology

35

Table 2. Standard value to count the PM exposure

Exposure Factors

Units Values

Concentration (C)

mg/m3 -

Exposure frequency (Ef)

day/year 209

Inhalation rate (R)

m3/jam 0.5

Exposure duration (Ed)

year 6

Body weight (Bwt)

kg -

Exposure time (Et)

h/day 6

Average time (At)

day 1,254
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Table 3. The characteristics of the studied respondents

CT (n =46) CB (n=36) PS m=21)
Characteristics
Number % Number % Number %
Sex
Female 20 42.6 23 60.5 10 435
Male 26 55.3 13 34.2 11 47.8
Age (year)
10 10 21.3 3 7.9 3 13.0
11 20 42.6 21 55.3 11 47.8
12 13 27.7 12 31.6 6 26.1
13 2 43 - - 1 43
14 1 2.1 - - - -
Duration of exposure (years)
4 28 59.6 16 42.1 10 435
5 18 383 20 52.6 11 47.8
Table 4 Concentration of PM, 5
Location PR e Temperature (0C) ?,Zl)a tive humidity
TWA Min Max
CT
4th grade 107 59 161 30.3 70
5th grade 67 47 108 29.6 73.1
Outdoor 84 43 136 33.1 63
CB
4th grade 129 73 197 30.5 69.7
5th grade 37 30 49 31.6 66.9
Outdoor 114 74 191 30.8 68.1
PS
4th grade 115 40 191 33.1 55.7
Sth grade 79 56 121 33 56
Outdoor 78 43 157 313 70.1
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Table 5. The anthropometry characteristics and activity pattern of respondents

Variable Mean Median Min-Max Distribution
Body weight (kg)

CT 38.4 39.2 22.6 - 64.5 Normal

CB 35.7 33.4 22.7-69.6 Abnormal
PS 34.5 332 23.5-59.1 Normal

Exposure frequency (days/year)

CT 895 832 776 — 1,045 Normal

CB 929 1,000 692 — 1,045 Normal

PS 904 960 720 — 1,030 Normal
Discussion

The results of indoor PM, 5 concentration measurement in three primary schools in West Jakarta showed a
higher value compared with the national threshold of the ambient air quality('*). However, this result cannot conclude
that the air quality in the studied areas being harmful to human health since the national air quality threshold(® 14
require 24 hours of ambient air PM, s measurements. Besides the ambient air, the indoor PM, 5 concentration from
three schools was higher than the national threshold (i.e., 35 pg/m?®) for offices for 8 hours. However, this value
also cannot conclude that the indoor air quality from the studied schools being harmful to human health, since the
threshold value is based on the office environment. A specific value designated for schools was not available yet.
Meanwhile, our study only measured the PM, 5 concentration during teaching activities. A relatively long period of
measurement may reflect better the health risk caused by the PM, 5 exposure since the effects of air pollutants were
not only depending on the pollutants’ concentration, but also the exposure time. The longer a person is being exposed
to pollutants, the higher the chance of related health risks might appear.

Our study showed similar results with another study'>), where the ambient air PM, 5 concentration was higher
than the air quality standards. The safe intake (RfC) of PM, 5 concentration for students was 0,031 mg/kg/day. Our
PM, 5 concentration value was higher compared with the ones recorded at a secondary school in Bandung (SMPN
16 Bandung), West Java, Indonesia''®). The study on this secondary school showed a lower PM, 5 concentration
compared to the national air quality standards, but higher compared with the EPA standards. Another study in the
industrial area (20) showed an overall higher value than the national air quality threshold and several points of
sampling also showed a higher value compared to the EPA standards. The Indonesian national air quality standard
is indeed being less restricted compared to other countries’ air quality standards. Several related studies highlighted
the need of special attention on the air quality; therefore, it is important for various groups working on the health and
environment quality sectors (i.e., researcher, government, students, and related stakeholders) to know methods to
measure the health risk, e.g., the analysis of environmental health risk.

Based on the calculation of the intake values, the lowest and the highest values were shown by the primary
school PS. The possible explanation was due to the students’ body weight; the lower body weight will result in a
high intake value and the higher eight will result in a lower intake value. Another similar result was shown by other
studies that explain that bodyweight is one of the determining factors of the intake value!'®!7),

The health risk of PM, 5 was only considered the value of RQ, this was due to the toxicity of PM, ;%19 which
was not allowing to further assess the carcinogenic health risk. The RQ value < 1 found means that the students of
primary school in West Jakarta was not under the risk at the moment of the study was conducted. This value can be
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interpreted as the inhalation exposure of PM, 5 with the
exposure time of 692-1,045 days and a duration of 4-6
years was considered safe to non-carcinogenic risk. This
result was similar to another study!'®), which also shown
the PM, s was not causing a health risk.

Conclusions

The lowest and the highest PM, 5 concentration was
found in fifth grade (35 ug/m?®) and fourth grade (129 ug/
m?) of primary school CB. The lowest and the highest
intake was found in the primary school PS. The non-
carcinogenic health risk from PM, s exposure of the
three primary schools has a value of RQ < 1 which was
considered safe in the time being.
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