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Abstract Coal is the most aggressive energy sources

in the environment. Several adverse outcomes on

children’s health exposure to coal pollutants have been

reported. Pollutants from coal power plants adversely

affect the intellectual development and capacity. The

present study aimed to evaluate the intellectual

development and associated factors among children

living a city under the direct influence (DI) and six

neighboring municipalities under the indirect influ-

ence (II) of coal mining activity in the largest coal

reserve of Brazil. A structured questionnaire was

completed by the child’s guardian, and Raven’s

Progressive Color Matrices were administered to each

child to assess intellectual development. A total of 778

children participated. In general, no significant differ-

ence was observed between the two cities. The DI city

had better socioeconomic conditions than the II

municipalities according to family income

(\ 0.001). The prevalence of children who were

intellectually below average or with intellectual

disabilities was 22.9%, and there was no significant

difference (p[ 0.05) between municipalities. In both

unadjusted and adjusted analyses, intellectual devel-

opment was associated with maternal age, marital

situation and maternal education level, birth weight,

breast feeding, frequent children’s daycare, paternal

participation in children’s care and child growth.

Living in the DI area was not associated with

intellectual disability. The results suggest that socioe-

conomic conditions and maternal and neonatal out-

comes are more important than environmental factors

for intellectual development of children living in a

coal mining area.
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Introduction

Coal is the world’s most polluting fossil fuel, due the

large amounts of coal dust particles are emitted to the

environmental from the extraction and combustion

(World Energy Council 2016; Landrigan et al. 2018).

Coal consists of a mixture of substances including
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carbon, hydrogen, nitrogen, oxygen, sulfur, small

mineral particles, quartz (crystalline silica) and other

chemical compounds (Chen et al. 2004). Coal com-

bustion releases 84 compounds listed as ‘‘hazardous

air pollutants’’ by the US Environmental Protection

Agency (EPA Agency Environmental Protection

2016). Coal-fired thermoelectric plants generate envi-

ronmental contamination in each step of coal activi-

ties, which can represent a health risk (Gorriz et al.

2002; Rodriguez-iruretagoiena et al. 2015), especially

for vulnerable groups such as children under 15 years

old (Cortés et al. 2019). Exposure to pollutants in

pediatric populations is worrisome because their

anatomy, physiology, and neurologic and metabolic

systems are developing. Additionally, children are

unable to recognize environmental hazards (Amster

and Levy 2019).

Several researchers have demonstrated adverse

outcomes on children’s health exposure to coal

pollutants, such as birth outcomes, respiratory disease,

gastrointestinal problems, multiple sleep problems

and mortality (Ahern et al. 2011a, b; Ha et al. 2015;

Lamm et al. 2015; Victora et al. 2015; Sears and

Zierold 2017; Kravchenko and Lyerly 2018). Addi-

tionally, evidence suggests that pollution exposure

may be associated with neurological function (Xu

et al. 2016; Emerson et al. 2018). Pollutants from coal

power plants adversely affect the intellectual devel-

opment and capacity of children living in the region

(Tang et al. 2008; Dupont-soares et al. 2015; Cortés

et al. 2019). When pollutant levels are reduced,

improvements in neurodevelopment are observed

(Tang et al. 2014; Kalia et al. 2017).

In recent years, various factors have been associ-

ated with children’s intellect, such as living in more

socioeconomically deprived areas (Emerson 2012;

Noble et al. 2015) where higher levels of air pollutants

are typically more common (Royal College of Physi-

cians 2016). Kravchenko (2017) reported that children

exposed prenatally to coal ash had decreased motor,

language and social development later in childhood.

Additionally, more frequent emotional, behavioral

and learning disorders, as well as attention-deficit

hyperactivity disorder, were observed than children

living far from these coal power plants (Tang et al.

2008, 2014; Sears and Zierold 2017; Cortés et al.

2019).

In the US, it is estimated that the aggregate cost of

environmentally mediated diseases among children is

$76.6 billion (Trasande and Liu 2011). The public

health impact of coal-based energy production on

children is a concern. Worldwide, more than 1600

coal-fired power plants are either under construction

or planned. Consequently, the negative impact of coal

emissions on child health will likely increase and

continue to be a significant public health concern

(Amster and Levy 2019). Several studies carried out

on the largest Brazilian coal mining have shown

negative impact of coal on human health (Pinto et al.

2017; da Silva Júnior et al. 2018; Santos et al.

2018, 2019; Bigliardi et al. 2020).

The Brazilian coal reserve has approximately 7

million tons (Energy Information Administration

2020). The largest national reserve is located in the

southern region of the country, in Candiota city, where

one coal-fired power plant, and two coal surface-

mining operators are located (Migliavacca et al. 2004).

This region has become a model for studying the

effects of exposure to coal by-products, due to having

approximately 40% of Brazil’s coal reserves and in a

sparsely populated and socioeconomically vulnerable

region (Bigliardi et al. 2020). Therefore, considering

this context of environmental pollution associated

with the risk to adverse intellectual capacity in the

pediatric population, this study aimed to evaluate

maternal, neonatal and socio-economic factors asso-

ciated with intellectual development among children

living in Candiota and neighboring municipalities.

Methods

Study area

This cross-sectional study was conducted in seven

cities in the state of Rio Grande do Sul–Brazil (Fig. 1)

(Pinto et al. 2017). The direct influence (DI) of coal

mining activity is concentrated in Candiota

(31�3302800S/53�40022‘‘W), where a power plant and

two coal surface mines are situated. Six neighboring

municipalities, Aceguá (31�520S 54�090W), Bagé

(31�19051’’S 54�06025‘‘W), Hulha Negra (31�24014’’

S 53�52008‘‘W), Pedras Altas (31�43058’’S 53�350

02‘‘W), Pinheiro Machado (31�34040’’S 53�22051

‘‘W), and Herval (32�01026’’S 53�23045‘‘W), are

indirectly influenced (II) by coal mining activity due

to their proximity to Candiota and wind dispersion.
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Sample and data collection

A random sampling process was conducted from the

list of education departments from each city, accord-

ing to the geographical representation of all munici-

palities from rural and urban zones, the proportionality

of total number of students enrolled in the school and

their distribution in the age group of interest (children

aged 6 years to 11 years and 11 months). The sample

included all public schools in the area (51 schools) and

778 students (6 schools and 78 children in DI and 45

schools and 700 children in II). Twinning and

schoolchildren who had malformations, genetic syn-

dromes or cognitive disabilities were excluded.

A structured questionnaire to collect socioeco-

nomic and demographic information was applied in

the child’s guardian. The questionnaire also included

information on prenatal and postnatal care, neonatal

outcomes, children’s development and morbidity.

Children were weighed with a digital balance scale

with increments of 0.1 kg. Height was measured to the

nearest 0.1 cm using tape on the wall within 50.0 cm

of the floor. The children were measured while

wearing light clothing and no shoes. Child growth

was classified according to the World Health Organi-

zation (2007) height-for-age (HA), determined by the

z score (C-2.00 adequate and C -3.00 to\-2.00

inadequate nutritional status).

To assess intellectual development, a trial test,

Raven’s Progressive Color Matrices (Angelini et al.,

1988), was used. This test is indicated to assess

intellectual development in school and validated and

standardized to Brazilian population. It comprises

three series of 12 items: A, Ab, and B. The items are

arranged in ascending order of difficulty in each series,

and each series is more difficult than the previous one.

Items are composed of a drawing or matrix with a part

missing below which six alternatives are presented,

one of which correctly completes the matrix. The

examinee must choose one of the alternatives to

complete the missing part (Bandeira et al. 2004). This

evaluation was carried out by a psychologist and the

application time was approximately 20 to 30 min. All

data were collected in the same school and shift of

activities of the students, in classrooms or in specific

rooms available.

After the application of the Raven Color Progres-

sive Matrices Scale, the answers were classified

according to the standardization determined in the

scale’s prerogatives. The results were expressed in

percentiles, and suspicion of intellectual development

impairment was classified as a total percentile score

less than 49. This value is established as a median and

reveals the individual’s position in relation to the

group where it is inserted, which may indicate the

degree of intellectual development (Angelini et al.,

1988).

The study was conducted in accordance with the

ethical standards proposed by Resolution 466/12 of the

National Health Council of the Ministry of Health,

which regulates research involving human subjects.

The study was approved by the Research Ethics

Committee in Health at the Universidade Federal do

Rio Grande-FURG (CEPAS/FURG no� 36/2015).

Statistical analysis

The sample size was defined considering an alpha

error of 0.05, relative risk of 2.0 and power of 80%.

The prevalence of intellectual impairment is 28.9%

(Dupont-soares et al. 2015). Ten percent was added for

losses, 20% for possible confounding factors and 20%

for design purposes. Thus, the sample size should be

758 children. The data were duplicate digitalized,

checked and corrected for possible errors. Addition-

ally, the consistency of the data was evaluated. First,

frequency distribution was performed to describe the

Fig. 1 Map of the state of Rio Grande do Sul highlighting the

cities involved in the study (Pinto et al. 2017)
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variables investigated. In descriptive analysis was

excluded 59 siblings to avoid overestimating sample

characterization; thus, the variables referring socioe-

conomic characteristics and maternal outcomes were

separately analyzed, including a total of 685 family’s

information. A Chi-square test was applied to verify

the statistical difference between the two areas. To

estimate the crude and adjusted prevalence ratios and

their respective confidence intervals (95%) as well as

the p value, Poisson regression with robust variance

estimates was used to analyze the outcome and

associated factors. To avoid confounding factors,

variables that presented p B 0.20 were maintained in

the model until the end. Statistical analysis was

performed using Stata 10.0. Statistical significance

was established at p\ 0.05.

Results

A total of 778 children participated, including both

boys and girls. In general, no significant difference

was observed between the DI city and the II munic-

ipalities by maternal outcomes (Table 1). Most

mothers were more than 35 years old (49.6%), Cau-

casian (56.2%), married (80.1) and had 4 to 8 years of

education (54.2). In both the DI city and the II

municipalities, most families had more than two

children, and 20.6% had experienced a previous

child’s death. More than half of this population

(61.9%) had low family income (\ 385.00 R$). In

addition, the DI city had better socioeconomic condi-

tions than the II municipalities according to family

income (\ 0.001).

Approximately one-third of mothers (33.7%)

reported smoking during pregnancy, and 1.7% men-

tioned no prenatal care. The DI city had a significantly

higher prevalence of cesarean delivery (51.9%) com-

pared to the II municipalities (37.9%). Approximately

12% of neonates were born preterm and weighed less

than 2.500 g (11.6%), and 8.0% needed ventilatory

assistance (Table 2).

A total of 72 children (9.3%) were not breastfed,

whereas the majority were breastfed for more than six

months (55.1%). In general, the children did not attend

day care centers (63.5%). Children from II munici-

palities were more exposed to passive smoking

(49.8%) than those from the DI city (29.6%)

(p = 0.01). Additionally, mothers from II

municipalities reported lower participation by fathers

in children’s care (24.7%) than those in the DI city

(17.7%) (p\ 0.001). Most of the children had pets

(86.7%). Only 1.5% of the children had chronic

disease, 44.9% had previous hospitalization, and 2.1%

had inadequate growth (Table 3).

According to Raven’s Colored Progressive Matri-

ces, 178 (22.9%) children were intellectually below

average. Most cases were identified in II municipal-

ities (93.3%), without a significant statistic (p = 0.5).

Figure 2 shows the prevalence of suspicion of intel-

lectual development impairment in both areas.

Table 4 shows the significant variables associated

with intellectual development. In both unadjusted and

adjusted analyses, mothers who were 35 years old or

older (OR = 0.79; p\ 0.001), unmarried (OR = 1.18;

p = 0.04) and with less than 4 years of education

(OR = 2.26; p\ 0.001) remained significant. Family

income per capita and skin color lost statistical

significance in the adjusted analyses. Living in the

area under DI was not associated with intellectual

development. Birth type, gestational age and birth

weight were significantly associated only in the

unadjusted analysis. Cesarean delivery represents

protection of intellectual development (OR = 0.61;

p = \ 0.001) and there is a risk of approximately

30% to intellectual development among neonatal who

born preterm and birth weigh less than\ 2500 g.

While the need of ventilatory assistance in neonatal

represent neonates represented protection (OR =

0.69; p\ 0.001) in the adjusted analysis. Children

who were not breastfed and did not attend day care

centers had a 94% and 29% higher risk of intellectual

development, respectively. Additionally, children

whose fathers had low participation in the children’s

care had a 7% higher risk of intellectual development.

Finally, children with inadequate growth had a 75%

higher risk of intellectual development (OR = 1,75;

p\ 0,00). Other variables did not show an association

with the outcome studied in either unadjusted or

adjusted analyses.

Discussion

This study evaluated the association of socioeco-

nomic, maternal and neonatal outcomes with intellec-

tual development among children living in

municipalities under DI and II of coal mining activity.
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The suspicion of intellectual development impairment

was higher in II municipalities, without significance.

Intellectual development was associated in both

unadjusted and adjusted analyses with maternal age,

marital situation and maternal education level. Pre-

term birth, birth weight less than\ 2500 g, no

breastfeeding, no day care, low participation of the

father in children’s care and inadequate growth

represented risks for intellectual development. How-

ever, living in areas under DI was not associated with

poor intellectual development.

There are many socioeconomic and demographic

variables associated with intellectual capacity.

Advanced maternal age ([ 35 years) is considered a

risk for several adverse neonatal outcomes, and these

children are more likely to have intellectual disability

(Tearne 2015; Huang et al. 2016). However, new

evidence indicates that the relationship between

maternal age and child intellectual development is

still controversial (Rubenstein et al. 2019). In this

study, maternal age represented a protective factor

against intellectual development, which could be

related to a better family environment (Bear 2004).

Children of single mothers were at risk of intellec-

tual development. Families composed of mothers and

partners represent a better family environment that is

positive for children’s cognitive development (An-

drade et al. 2005). Additionally, confirming our

results, a recent cohort study in the US reported that

children with mothers who had a college degree of

higher were least likely to have adverse intellectual

outcomes (Fonseca et al. 2013; Harding 2015; Zablot-

sky et al. 2019). Parents with higher education levels

expose their children to different stimuli, which

enhance the child’s development (Paula et al. 2002).

There is a high prevalence of families living in

socioeconomic vulnerability in the study region, and

most families lived on less than one minimum wage.

Coal activity provides an important economic contri-

bution to this region. II municipalities have worse

Table 1 Maternal

outcomes and

socioeconomics

characteristics of mothers

from municipalities under

direct influence (DI) and

indirect influence (II) of

coal mining activity,

Brazil?

?Some variables had lost

information; maternal age

was the variable with more

lost information (17 lost

information); *Brazilian

minimum wages = 770.00

R$

Variable Total DI II P value

n (%) n (%) n (%)

Maternal age 0.92

\ 35 years 328 (47.9) 33 (46.5) 295 (48.0)

C 35 years 340 (49.6) 35 (49.3) 305 (49.7)

Skin color 0.25

Caucasian 385 (56.2) 49 (69.0) 336 (54.7)

Black or mixed 296 (43.2) 22 (31.0) 274 (44.6)

Married 0.35

No 135 (19.7) 17 (23.9) 118 (19.2)

Yes 549 (80.1) 54 (76.1) 495 (80.6)

Maternal education level 0.27

C 9 years 241 (35.2) 31 (43.7) 210 (34.2)

4–8 years 371 (54.2) 33 (46.5) 338 (55.0)

\ 4 years 64 (9.3) 06 (8.5) 58 (9.4)

Number of children 0.83

One 151 (22.0) 15 (21.1) 136 (22.1)

Two 234 (34.2) 22 (31.0) 212 (34.5)

[Two 298 (43.5) 34 (47.9) 264 (43.0)

Death of previous children 0.38

No 536 (78.2) 59 (83.1) 477 (77.7)

Yes 141 (20.6) 12 (16.9) 129 (21.0)

Family income per capita* \ 0.001

\ 385.00 R$ 424 (61.9) 31 (43.7) 393 (64.0)

385.00 – 770.00 R$ 177 (25.8) 21 (29.6) 156 (25.4)

[ 770.00 R$ 77 (11.2) 18 (25.4) 59 (9.6)

123

Environ Geochem Health (2021) 43:3055–3066 3059



socioeconomic conditions than the DI city, highlight-

ing the economic importance of coal activity. Socioe-

conomic status influences the population’s health and

susceptibility to the adverse effects of air pollution

(Lima-Costa et al. 2003; Inoue et al. 2014; Emerson

et al. 2018). Although socioeconomic conditions are

considered an important indicator of cognitive devel-

opment (Macedo and Andreucci 2004), low family

income represents a risk of intellectual development

only in the unadjusted analysis.

This study observed a high prevalence of smoking

during gestation and children’s exposure to passive

smoking. These situations represent a significantly

higher risk of intellectual development among chil-

dren. Maternal smoking during pregnancy was previ-

ously associated with a decline in child intelligence

and memory (Boucher et al. 2012) as well as cognitive

problems and brain dysfunctions (Marroun et al.

2013). Other studies emphasize that children exposed

to passive smoking are more likely to have difficulties

expressing nonverbal reasoning and intellectual dis-

abilities (Alwis et al. 2015; Emerson et al. 2016; Xu

et al. 2016).

The DI city had significantly more cesarean deliv-

ery births than the II municipalities, which may be

related to better socioeconomic conditions. However,

cesarean birth delivery represents protection to intel-

lectual development in the unadjusted analysis. Recent

systematic reviews and meta-analyses have associated

cesarean delivery births with autism spectrum disorder

and attention-deficit/hyperactivity disorder, irrespec-

tive of the cesarean delivery modality, compared with

vaginal delivery (Zhang et al. 2019).

The prevalence of low birth weight was similar

between both regions and represents a significant risk

to intellectual development. Kwinta et al. (2012)

observed abnormal motor capacity and learning and

concentration problems in children with low birth

weight (Kwinta et al. 2012). Living in coal mining

areas has been associated with low and very low birth

weight, preterm gestation and other negative outcomes

(Ahern et al. 2011b; Cortes-Ramirez et al. 2018;

Amster and Levy 2019).

Almost 10% of mothers in the study did not

breastfeed their children, and an important portion of

mothers stopped breastfeeding before 6 months.

Breastfeeding has clear short-term benefits for chil-

dren and has been associated with better intellectual

development (Kramer and Kakuma 2012; Fonseca

et al. 2013; Belfort et al. 2014). Additionally, appro-

priately breastfed children had better performance in

intelligence tests 30 years later, which might suggest

an increase in educational level and income in

adulthood (Victora et al. 2015).

Children who did not attend day care centers and

had lower paternal care participation were at risk of

intellectual development. The involvement of fathers

in child care has increased in recent years and has been

associated with better socioemotional and cognitive

development of the child (Redshaw and Henderson

2013). Similarly, children’s daycare attendance has

been associated with positive language development,

and adequate communication contributes to children’s

cognitive development (Cachapuz et al. 2006). Chil-

dren who receive greater care, whether by parents or

caregivers, have better development of their abilities,

especially with regard to linguistics (Manso and

Alonso 2008).

Table 2 Gestational and neonatal outcomes from municipal-

ities under direct influence (DI) and indirect influence (II) of

coal mining activity, Brazil?

Variable Total DI II P value

n (%) n (%) n (%)

Smoking during gestation 0.12

No 442 (64.5) 51 (71.8) 391 (63.7)

Yes 231 (33.7) 18 (25.4) 213 (34.7)

Prenatal care 0.21

No 13 (1.7) – 13 (1.9)

Yes 746 (95.9) 78 (98.7) 668 (95.6)

Birth type 0.01

Vaginal 468 (60.2) 37 (46.8) 431 (61.7)

Cesarean 306 (39.3) 41 (51.9) 265 (37.9)

Gestational age 0.89

Term 673 (86.5) 68 (86.1) 605 (86.6)

Preterm 93 (12.0) 9 (11.4) 84 (12.0)

Birth weight (g) 0.91

C 2.500 g 647 (83.2) 67 (84.8) 580 (83.0)

\ 2.500 g 90 (11.6) 9 (11.4) 81 (11.6)

Ventilatory assistance 0.09

No 704 (90.5) 67 (84.8) 637 (91.1)

Yes 62 (8.0) 10 (12.7) 52 (7.4)

?Some variables had lost information; Birth weight was the

variable with more lost information (41 lost information)
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Children’s nutritional status influences their sur-

vival, cognitive development and lifelong health.

Inadequate child growth, measured by height-for-

age, is an indicator of overall nutritional status. The

global prevalence of inadequate child growth is

approximately 7.7% (Stevens et al. 2016). Linear

growth failure serves as a marker of multiple patho-

logical disorders associated with increased morbidity

and mortality, loss of physical growth potential,

reduced neurodevelopmental and cognitive function

and an elevated risk of chronic disease in adults (Onis

and Branca 2016). Corroborating the findings of our

study that inadequate child growth represents an

important risk to intellectual development, and some

researchers indicate that there is a reduction in

Table 3 Characteristic of

children from

municipalities under direct

influence (DI) and indirect

influence (II) of coal mining

activity, Brazil?

?Some variables had lost

information; Passive

smoking was the variable

with more lost information

(95 lost information)

Variable Total DI II P value

n (%) n (%) n (%)

Breastfeeding 0.78

No 72 (9.3) 8 (10.1) 64 (9.2)

Yes 699 (89.8) 68 (86.1) 631 (90.3)

Breastfeeding time 0.96

[ 6 months 389 (55.1) 38 (53.5) 351 (55.3)

B 6 months 310 (43.9) 30 (42.3) 280 (44.1)

Day care centers 0.43

No 494 (63.5) 47 (59.5) 447 (63.9)

Yes 284 (36.5) 32 (40.5) 252 (36.1)

Passive smoking 0.01

No 356 (52.0) 50 (70.4) 306 (49.8)

Yes 327 (47.7) 21 (29.6) 306 (49.8)

Paternal care \ 0.001

Effective participation 520 (67.2) 49 (62.0) 471 (67.8)

Partial participation 61 (7.9) 15 (19.0) 46 (6.6)

Low participation 186 (24.0) 14 (17.7) 172 (24.7)

Pet 0.87

No 91(13.3) 9 (12.7) 82 913.4)

Yes 594 (86.7) 62 (87.3) 532 (86.6)

Chronic Disease 0.08

No 765 (98.3) 75 (94.9) 690 (98.7)

Yes 12 (1.5) 3 (3.8) 9 (1.3)

Hospitalization

No 427 (54.9) 48 (60.8) 379 (54.2)

Yes 349 (44.9) 30 (38.0) 319 (45.6)

Child growth 0.17

Inadequate 16 (2.1) - 16 (2.3)

adequate 751 (96.5) 78 (98.7) 673 (96.3)

0
10
20
30
40
50
60
70
80
90

100

Normal Intellectual 
Development 

Intellectual Development 
Impairment

DI II DI II

11% 

89% 

6.7% 

93.3% 

Fig. 2 Suspicion of intellectual development impairment

among children from municipalities under direct influence

(DI) and indirect influence (II) of coal mining activity, Brazil
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Table 4 Factors associated with intellectual development among children from municipalities under direct influence (DI) and

indirect influence (II) of coal mining activity, Brazil

Variable Unadjusted

OR (IC 95%)

p value Adjusted

OR (IC 95%)

p value

1� Maternal age \ 0.001 \ 0.001

\ 35 years 1.00 1.00

C 35 years 1.31 (1.11–1.55) 0.79 (0.71–0.86)

Skin color 0.01 0.20

Caucasian 1.00 1.00

Black or mixed 1.55 (1.09–2.18) 1.31 (0.87–1.97)

Married \ 0.001 0.04

Yes 1.00 1.00

No 1.35 (1.28–1.42) 1.18 (1.01–1.38)

Maternal education level \ 0.001 \ 0.001

C 9 years 1.00 1.00

4—8 years 1.54 (1.23–1.94) 1.27 (0.83–1.95)

\ 4 years 2.81 (2.67–2.96) 2.26 (2.04–2.50)

Family income per capita \ 0.001 0.38

[ 770.00 R$ 1.00 1.00

385.00 – 770.00 R$ 1.03 (0.47–2.24) 0.91 (0.41–2.03)

\ 385.00 R$ 2.01 (1.04–3.88) 1.50 (0.60–3.78)

2� Influence region 0.16 0.67

Indirect influence 1.00 1.00

Direct influence 0.70 (0.42–1.15) 0.87 (0.45–1.67)

Smoking during pregnancy 0.01 0.39

No 1.00 1.00

Yes 1.25 (1.05–1.50) 0.88 (0.67–1.17)

Passive smoking \ 0.001 0.53

No 1.00 1.00

Yes 1.31 (1.11–1.55) 1.09 (0.83–1.42)

3� Number of children \ 0.001 0.12

One 1.00 1.00

Two 1.59 (1.12–2.27) 1.37 (1.22–1.53)

[Two 1.78 (1.51–2.09) 1.35 (1.23–1.49)

4� Birth type \ 0.001 0.06

Vaginal 1.00 1.00

Cesarean 0.61 (0.44–0.84) 0.80 (0.63–1.01)

Gestational age 0.03 0.23

Term 1.00 1.00

Preterm 1.30 (1.02–1.65) 1.32 (0.84–2.09)

Birth weight (g) \ 0.001 \ 0.001

C 2500 g 1.00 1.00

\ 2500 g 1.37 (1.28–1.47) 1.55 (1,24–1.94)

Ventilatory assistance 0.41 \ 0.001

No 1.00 1.00

Yes 0.84 (0.55–1.26) 0.69 (0.64–0.75)
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intellectual capacity due inadequate nutrition status

(Liu and Raine 2017).

Intellectual development is a complex and multi-

factorial outcome. The Raven Colored Progressive

Matrices is a measure of reasoning ability that is often

used to evaluated suspicion of intellectual develop-

ment impairment among children in research studies.

It is nonverbal and easily and quickly applied (Fonseca

et al. 2013; Goharpey et al. 2013). Despite the

limitation of this study used only one test to measure

the intellectual capacity, it is a validated and stan-

dardized test for Brazilian population (Cardoso et al.

2017). The prevalence of suspicion of intellectual

development impairment was higher than that

observed by Fonseca et al. (2013) (7.7%) in a nearby

city with better socioeconomic characteristics than the

study region. When the results were compared with

schoolchildren of the same age group living in other

Brazilian cities with high levels of environmental

contamination (Macedo and Andreucci 2004; Dupont-

soares et al. 2015), children from this coal area seem to

have worst intellectual development than that in other

cities.

There was no significant difference between intel-

lectual development among DI and II. Additionally,

living in the DI city did not represent a risk of

intellectual development. Similarly, Amers et al.

(2019) did not find an association between the distance

of residence to coal-fired power plants and adverse

birth outcomes. After the closure of a coal power plant

in China, molecular and neurodevelopmental benefits

to children of this region were observed (Tang et al.

2014).

The study region has five air pollutant monitoring

stations, and the study of Bigliardi et al. (2020)

showed that the average annual concentration of

PM10, NO2 and SO2 did not exceed the Brazilian

(CONAMA 2018) and WHO (World Health Organi-

zation 2006) limits. Furthermore, studies have pointed

out that there are no notable differences in the levels of

air pollutants between Candiota and the other munic-

ipalities in the study region (Bigliardi et al. 2020; Da

Silva Júnior et al. 2020). Interestingly, these studies in

the region have pointed out that health outcomes are

not worse in the host city for coal activities. In general,

health outcomes are similar in all municipalities in the

region or worse in some cities of indirect influence. In

this sense, socioeconomic factors and health condi-

tions seem to have a predominant influence on this

population.

Conclusion

This is the first study to examine intellectual devel-

opment in children living in the largest coal mining

region of Brazil. The results suggest that socioeco-

nomic, maternal and neonatal outcomes might be

Table 4 continued

Variable Unadjusted

OR (IC 95%)

p value Adjusted

OR (IC 95%)

p value

5� Breastfeeding \ 0.001 \ 0.001

Yes 1.00 1.00

No 1.82 (1.50–2.21) 1.94 (1.83–2.06)

Day care center 0.01 \ 0.001

Yes 1.00 1.00

No 1.32 (1.06–1.63) 1.29 (1.09–1.53)

Paternal care \ 0.001 \ 0.001

Effective participation 1.00 1.00

Partial participation 1.29 (1.06–1.58) 1.08 (0.70–1.65)

Low participation 1.41 (1.15–1.73) 1.07 (1.03–1.11)

6� Child growth \ 0.001 \ 0.001

adequate 1.00 1.00

Inadequate 1.95 (1.53–2.49) 1.75 (1.52–2.02)

123

Environ Geochem Health (2021) 43:3055–3066 3063



more important to intellectual development than

environmental factors since living in the DI city did

not represent a risk to the outcome. The study

highlights the importance of socioeconomic and

maternal outcomes as confounder’s factors in studies

that evaluate the impact of environmental exposure in

this population. Public health actions are needed to

improve socioeconomic status, which is directly

associated with intellectual development in this

region. Furthermore, it is necessary to consistently

control and monitor child health in vulnerable envi-

ronmental conditions.
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