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Abstract
BACKGROUND: The association of air pollution with children’s health and growth has been proved.

AIM: This study aimed to assess the length attainment and stunting prevalence of children living in the areas of clay
brick kiln and non-clay brick kilns.

METHODS: The study was a cross-sectional study conducted from February to December 2020. The location of the
study was in Pagar Merbau Subdistrict, Deli Serdang District, North Sumatera Indonesia. Four villages were selected
purposively to be the location of study. The total participants were 192 families who have children aged 0-24 years
old. To assess the length attainment, the median WHO standard was determined as reference. The growth curve
of children was presented in a bubble growth chart. To determine whether the groups were comparable, pair t-tests
were applied.

RESULTS: Compared to the median WHO standard, the length attainment of boys aged 18-24 months shorter
1.1-1.9 cm and 0.8—-1.9 cm (CBK vs. non-CBK, respectively), whereas for girls shorter 1.5-2.0 cm and 0.8-1.2 cm
(CBK vs. non-CBK, respectively). The difference length between non-CBK and CBK children at age 18—24 months
is 0.8—1.9 cm. Growth curves of children since born until aged 24 months were around -1SD-0SD. The prevalence
of stunting is 18.6% versus 19.8%.

CONCLUSION: The presence of clay brick kilns in villages treated children’s growth. Government should manage
the establishment of clay brick kilns in villages. Children cognitive and height of children at school age need to

investigate.

Introduction

The association of air pollution with children’s
health and children’s growth has been proved. Recently,
several studies found that household air pollution,
indoor solid fuel, and exposure to kitchen smoke
have a negative impact on children’s health [1], [2]
including anthropometric measurements [3], [4]. A study
conducted by Bobak et al. who revealed that the effect
of air pollution on children’s height started at age 2 and
become clear at the age of 7 [4].

The effect of air pollution contributed to 3—-9%
of stunted prevalence [5], [6]. Bhagowalia found that
building a kitchen in the living room increases the odds
of stunting [7]. Mishra and Retherford found the impact
of solid fuel use on the predominance of anemia and
stunting among Indian children [8].

The negative health consequences of being
exposed to household air pollution also contribute to
acute respiratory problems [9] and cigarette smoke has
a negative effect on fetal head size [10], outdoor air

pollution have relation to children growth [4], [11] and to
cognitive and physical health [1].

The clay bricks industry is considered the
cause of household air pollution. The emission of
harm full gasses produced by the kilns treats children
who reside surrounding kilns. In production activities,
most kilns use cheaper form fuel such as palm crop
wastes, woods, and industrial oil which aggravates
the mixture of containments such as metals,
compounds volatile organics, and persistent organic
compounds [1].

Indonesia is a developing country that has a
large number of villages and populations. Based on a
survey in 2015, the population in Indonesia is 255.2
million of which 51% of people live in villages [12].
Among 13 types of factory works, working in a clay
brick kiln is one of the most sources of family income
for villagers [13]. Therefore, clay brick kiln is easily
found in villages across Indonesia [14]. However, it
will be a challenge for the Indonesian government in
reducing the prevalence of stunting from 30.7% [15]
to 14.0% in 2024 [16]. Furthermore, the number of
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newborn babies with birth lengths lowers than 48 cm
increases from 20.2% to 22.7% [17].

In the location of this study, more than 200 clay
brick kilns and more than 50 trucks pass in and out in
two villages. Therefore, families and children who live
in the villages are used to inhaling smoke and dust that
harm full gasses. The researchers assumed that these
heavy particles might have brought a negative effect on
maternal health and the growth of children.

Height growth attainment is a desirable
approach to measure growth according to age-
dependent changes [18]. In addition, the WHO
anthropometric standards provide standard deviation
(SD) and growth curve in the growth chart. The growth
chart provides seven curves in which the curve shows
how children should grow and SD. Children whose
height is below —2 to —3 SD from the median WHO child
growth standard are categorized as moderate stunting.
Higher minus two to positive three (>-2SD to +3SD)
categorized as normal. It means that the position of 0SD
is between these categories [19], [20]. These categories
are presented in the growth curve chart of length-for-age.
The growth curve is now widely accepted as a guideline
to monitor children’s health status. It is expected that the
growth curve of children is above the median [21].

The advantages for the community nutrition
program, it could be a tool to present what is happening
in children’s growth at present [22] and to predict the
changes leading to adiposity and prevent mortality [23]. In
this study, we define length attainment as how close length
growth attains the median growth standard. Therefore,
the present study aims to assess the difference in length
attainment and stunting prevalence of children living in
the areas of clay brick kiln and non-clay brick kilns.

Methods

Study design, location, and participants

The study was a cross-sectional study
conducted from February to December 2020. The
location of the study was in Pagar Merbau Subdistrict,
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Figure 1: Map of location of the study point in North Sumatera Province

Deli Serdang District, North Sumatera Indonesia. It is
located in the Western part of Indonesia, belongs to
North Sumatera Province (Figure 1). It is about 50 km
from Medan, the capital city of North Sumatra. Pagar
Merbau served an approximately 62.89 km?” area with 16
villages. The population is around 43,000 people living
in 16 villages. Four among 16 villages were selected
purposively to be the location of study. Tanjung Mulia
and Purwodadi villages were determined as the study
group. These two villages are in neighbor. In these two
villages, there are more than 200 clay brick kilns that
had been established since the 1970s. The position
kilns are located within the community settlement.
Every day starting at 04.00 PM, more than 50 trucks
pass in and out the villages to take the materials make
the air quality is bad.

More than 60% of total families earn living by
working as laborers in the kilns. Materials used to burn
the bricks are woods and palm fruit nests. The burning
process takes at least 3—5 days non-stop after the clay
bricks are dried for 10-5 days (Figure 2).

Figure 2: Clay brick kiln at location of study

Two othervillages, Pasar Miring and Perbarakan
that have no clay brick kilns, were determined as the
control study. To identify the group of study, we used CBK
for villages with clay brick kilns and non-CBK for villages
that have no clay brick kilns. The distance between CBK
villages and non-CBK is five to six kilometers.

This sub-district has one public health center
and community health post in each village managed
by the community midwife. Growth monitoring,
immunization, distribution of Vitamin A supplementation,
and food supplementation are part of the community
nutrition program for children and mothers.

Participants of the study were mothers who
have children aged 0-24 months. Households were
selected based on the purpose of the study. First, total
households who have children line in the villages were
determined as the population of the study. Then, families
who have children under 2 years old were determined
as participants. Respondents were selected purposively
with such criteria; children are not twin babies, born
normal condition, living in radius 2 km from clay brick
kiln, and have been living in the villages more than
5 years and mother is willing to be the respondent of
study. The total number of participants was 192 families
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who have children aged 0-24 years old. If two babies
were found in the family, only one was recruited as the
sample. All participants were provided written informed
consent for their participation in the survey.

Data collection

Types of data collected were family
characteristics including socioeconomic, education,
occupation, the number of children, birth weight and
length, current weight and length, age, and sex. Length
of children was measured by trained enumerators
using a regularly calibrated length board. Two times
measurements were taken for each child. During data
collection, the researchers observed how enumerators
measured children’s length, interviewed mothers/
guardians and recorded the data. The results of length
should have comas in millimeters.

Data processing

The height/length-for-age Z scores (HAZ) of
children were collected based on sex. Median standard
WHO 2006 of length-for-age is used as the reference to
assess the length attainment. For example, the median
standard of length for age at age 3 months is 61.4 cm,
if the current length is 60.4 cm means that the length
attainment is —1.0 cm.

To assess the difference of height of children
between the non-CBK and CBK group, data of the
same age was subtracted. For example, the length of
children in non-CBK at age 21 months is 84.2 cm and
in CBK 82.4, which means that the difference is 1.8 cm
or children in CBK are shorter 1.8 cm than children
in non-CBK. To determine the prevalence of stunting,
the number of children who have length-for-age below
minus 2SD was calculated. All data were processed
using SPSS version 20.0.

Presenting length attainment

Length attainment was presented in the growth
curve using bubble growth created by Sinaga et al. [24]
and in the table. The bubble chart provides seven growth
curves according to SD; —-3SD, -2SD, 0SD, +1SD, +2SD,
and +3SD. The curves in this growth chart were taken from

Table 1: Length attainment of children in two groups of study, boys

recent anthropometric international references released
by the WHO 2006 [20], [25]. Three months interval of
length was plotted in the chart and presented in the table.
The difference between median standard with current
length was determined as length attainment. Since data
on age and gender were available in the survey, therefore,
the presence of the growth chart was presented for boys
and girls.

Statistical analysis

Statistical analysis was done to assess the
comparison of socioeconomic characteristics and
children characteristics between two groups of study. To
determine whether the groups were comparable, pair
t-tests were applied. Meanwhile, to test the significant
difference in prevalence of stunting between the two
groups, Chi-square test was applied.

Results

Characteristics of families and children

The researchers determined 10 characteristics
of households and children for both areas of study. The
indices were father and mothers’ education, occupation,
income, BMI, sex and age of children, birth weight, and
birth length. These variables were compared using the
pair t-test. Heterogeneity was found in most indices in two
groups of study. All indices were comparable (p > 0.05).

Table 1 shows the comparison of length
attainment and the length difference of boys between
children in the study group and control group. Table 1
presents that the length average of children aged
0-6 months was over the median WHO standard.
During this period, the length attainment of children in
two groups of study reached higher than the median
standard. However, entering the age 9 months until age
24 months, in the study group and aged 15-24 months
in the control group, the length attainment tended to be
minus. At aged 18-24 months, the length attainment of
boys who lived in the areas of clay brick kilns areas
lagged 1.1-1.9 cm and shorter 0.8—-1.9 cm compared
to boys who live in the least polluted areas.

Three months Average of length

Median WHO standard

Length attainment* Difference length non-

interval of age (cm £ SD) (length for age) CBK to CBK (cm)
Study group Control group Study group Control group
(CBK) n=101 (non-CBK) n=91 (CBK) (non-CBK)
0 50.1+0.7 50.1+0.6 49.5 +1.4 +1.4 0.0
3 61.8+0.8 62.2+0.6 61.4 +0.4 +0.8 0.4
6 67.8+0.9 68.0+0.8 67.6 +0.2 +0.4 0.2
9 71.8+0.9 72.0+0.9 72.0 -0.2 0.0 0.2
12 755+ 1.6 76.3+13 75.7 -0.2 +0.6 0.8
15 785+1.5 79.0+14 791 -0.6 -0.1 0.5
18 81.2+14 82.0+16 82.3 -1.1 -0.3 0.8
21 83.2+16 84.2+18 85.1 -1.9 -0.9 1.0
24 86.0+1.8 87.1+17 87.8 -1.8 -0.7 1.9

*The difference between median WHO standard and average of length.SD: Standard deviation.
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Figure 3 depicts the growth curve of children
(boys) from age 0 until age 24 months with 3 months
interval of plotting. From the age of 0 months until
11 months, the growth curve of children in the two
groups study was in line with the median curve (0SD).
The growth curve of children who lived in CBK was a bit
lower than the median at the age of 3—9 months. While
the growth curve of children who lived in non-CBK, at
aged 0 until 10 months, was consistently following the
median curve, but then at aged 10-13 months, the
curve tends to increase. At the age of 21-24 months,
the length of children in both group tended to go down.
Length attainment of children in CBK tended to go down
to reach —=18D line.

0 1 2 3 456 7 8 9 101112131415161718 1520 21222324

age (month)

Figure 3: Length growth curve of children in two groups of study for boys

Table 2 shows the length attainment of girls
children in two groups of study. At the aged 0—9 months,
the length attainment was higher than median. It can
be seen from the table that at the age of 3-9 months,
the length of children in both groups were higher than
the median standard (0.8 to 2.3cm and 1.0 to 2.4cm) in
CBK and non-CBK respectively. However, at the age
of 18 months to 24 months, the length attainment of
children in two groups tended to be slow and less than
median (-1.5 to -2.0cm and -0.3 to -0.7cm) in CBK and
non-CBK respectively.

At age 18-24 months, the length attainment of
girls lived in the areas of clay brick kilns areas lagged
1.5-2.0 cm and shorter 0.8-1.2 cm compared to girls
who lived in non-CBK.

Figure 4 demonstrates the growth curve of
children for girls from aged 0 until age 24 months by
3 months interval of plotting. From the age of 0 months
until 3 months, the growth lines of children in the two
groups were climbing above the median growth to
reach +1SD. Then from ages 3-9 months, the growth
line either in the study group or control study decreased
to reach median (0SD). From 9 until 24 months, the
growth line of children in CBK was consistently lower
than the growth line of children in non-CBK. At the age
of 24 months, the growth curve of children in non-CBK
areas was at 0SD and CBK was closer to -1SD.

Table 3 shows that the prevalence of stunting
of children who lived in clay brick kilns areas was a bit
higher than in non-CBK, 19.8% and 18.6% respectively.
The rests of children (80.2% in CBK and 81.6% in non-
CBK) were categorized as normal (-2SD to +3SD
length-for-age). However, less than half of those
normal children reached the median WHO standard
(>0SD). The Chi-square test proved that there was no
significant difference in nutritional status between CBK
children and non-CBK children (p > 0.05)

Discussion

Only a few studies focused on the link between
outdoor pollution and to height attainment of children.
In our study, we intend to assess the negative effect of
smoke that produces heavy particles on the length of
growth of under 2 years children.

This study found that only at certain ages
particularly at aged 0—12 months children can reach the
median WHO standard of height-for-age. The average
birth length of children in two areas of study was
normal (>49 cm). It meant that even though mothers
have contaminated with heavy particles from outdoor
pollution and did not bring a negative impact to babies’
growth. However, in the aged 12-24 months, the
negative effect of outdoor pollution might have existed.
As shown in Tables 1 and 2, at the aged 18-24 months,
the length attainment of boys who lived in the areas of
clay brick kilns areas lagged 1.1-1.9 cm and shorter
0.8-1.9 cm compared to boys who live in the least
polluted areas.

These findings are quite similar to a study
conducted by Bobak who found that the negative
effect of outdoor pollution on height started at age
2 years and become more significant at age 7 years.
Children aged 7 who lived in clay brick kiln areas were
shorter 2 cm than children in clean areas [4]. Another
finding on the relationship between air pollution to
schoolchildren reported by Nikoli¢ et al. They found
that before the age of 9, the effect of black smoke,
nitrogen dioxide, sulfur dioxide, and lead sediment
matters has brought effect to weight and height
attainment of children school [26].

The effect of brick kilns emissions on growth
depends on the distance of children to the source of the
smoke. The study by Nasir et al. found that from radius
2-3 km, residing will be more deficit to height [12]. While
in our study, more families lived closer to kilns, which
were around the radius of 500 m—1 km. We assumed
that when children aged >12 months were more
frequent breathing and inhale more heavy particles
from nitrogen dioxide and carbon monoxide. The
confirmation proved by a study in Arabian schoolboy
children proved that low height measurements were
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Table 2: Length attainment of children in two groups of study, girls

Three months Average of length (cm + SD) Median WHO Length attainment* Difference of length
interval of age Study group Control group standard Study group Control group non-CBK to CBK (cm)
(CBK) n =101 (non- CBK) n =91 (CBK) (non- CBK)

0 49.6 + 0.6 49.8 + 0.6 49.1 +0.5 +0.7 0.2

3 62.1+0.6 62.2+0.7 59.8 +2.3 +2.4 0.1

6 66.5+0.5 66.9+0.8 65.7 +0.8 +1.2 0.4

9 69.3+1.0 71.1+1.1 70.1 +0.8 +1.0 0.8

12 740+0.9 743+0.9 74.0 -0.3 +0.3 0.3

15 774+14 778+1.4 775 -0.1 +0.1 0.4

18 79.2+16 80.0+1.5 80.7 -15 -0.7 0.8

21 81.7+15 829+16 83.7 -2.0 -0.8 1.2

24 845+17 86.1+1.8 86.4 -1.9 -0.3 1.1

*The difference between median WHO standard and average of length. SD: Standard deviation.

associated with exposure to >0.35 ppm of carbon
monoxide and nitrogen dioxide [3].
Table 3: Length status based on distribution of SD length-for-age

Category length/age (SD) CBK Non-CBK p-value
n=101 n=91
n % n %

Stunting 20 19.8 17 18.6 0.45

(-3 SD to <-2SD)

Normal 50 49.5 46 50.5

(-2 SD to<0SD)

Normal 31 30.7 38 415

(>0 SD to<+3 SD)

SD: Standard deviation.

Two growth charts presented in this study depicted
that the growth curves of children in both locations of
studies could not reach +1SD. Moreover, in entering
age 18-24 months, the growth lines tend to —1SD. We
also found that the prevalence of stunting was 18-20%.
These findings might have proved that the height
velocity of children at the age of 18 to 24 months was
very slow and they will be prone to be stunted after these
age. This study found that around 19.0% of children
were stunted. Even though there was 1.2% difference
of prevalence of stunting between two location of
study (19.8 vs 18.6%), however it was not significantly
difference. These findings prove that at the first 1000
days of life, one-fifth of children have been suffering
from stunting and closer to the WHO borderline of 20%
as a community health problem [27].
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Figure 4: Length growth curve of children in two groups of study for girls

One important point that needs to discuss is how to
recover stunted children to prevent them from severely
stunted and low cognitive function. The perfect time
to input nutrition to recover stunting children is at a
young age, 12—-36 months, not more than 5 years [28].

Our study confirms with several studies
that have proved that there was an association of

indoor air pollution and outdoor air pollution and
stunting [5], [6], [7], [8] and other and anthropometric
measurement and physical health [1], [4].

Therefore, the Indonesian government should
take action and manage the establishment of clay brick
kilns in villages and promote cleaner walling materials.
Otherwise, the target of 14% prevalence stunting in 2024
will be difficult to meet [16]. India can be the reference
as this country is the second biggest producer of clay
bricks. Indian has promoted the road map for cleaner
brick production and has been successful in reducing
the particles matters (PM2.5) emission [29].

The researchers realize that there are
weaknesses in this study that needs to be a concern.
In this study, we do not collect information on family
smoking habits and protein intake. Hence, these two
variables could contribute to the length growth of
children. Therefore, in the next study, researchers need
to investigate maternal health and follow-up the length
growth and children cognition at school age.

Conclusion

The presence of clay brick kilns in villages
has affected the health of children. The real effect
was in length attainment which is at the age of over
18-24 months, children in the areas of clay brick kilns
were shorter 1.5-2.0 cm. Median WHO standard can be
used as the borderline to assess the growth attainment
of children.

The prevalence of stunting was relatively high.
These findings can be alarming for the Indonesian
government in managing the establishment of clean
clay brick kilns in rural and prevention of stunting at the
village level.
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