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Abstract  This study aimed to analyze the direct
relationships of WASH components and maternal factors
with stunting and to explore the pathways through which
these factors influence stunting among children under five

in the Morosi mining area of Southeast Sulawesi, Indonesia.

A quantitative case—control study was conducted involving
150 mothers, consisting of 75 mothers with stunted
children and 75 mothers with normal children. Data were
analyzed using Partial Least Squares—Structural Equation
Modeling (PLS-SEM). The results showed that the model
explained 31.5% of the variance in stunting (R=2= 0.315).
Access to clean water was significantly associated with
stunting (B = —0.148, p = 0.028) and had a strong
relationship with toilet facilities (B = 0.723, p <0.001) and
handwashing facilities ( = 0.196, p = 0.011). Toilet
facilities showed the strongest association with stunting (3
=0.523, p <0.001), followed by handwashing facilities (3
= 0.260, p = 0.001). Indirect effect analysis revealed that
clean water was significantly associated with stunting
through toilet facilities (B = 0.378, p < 0.001) and
handwashing facilities (B = 0.051, p = 0.038). These

findings suggest that access to clean water contributes to
improved sanitation practices, which are associated with
lower stunting risk among children. Strengthening
integrated Water, Sanitation, and Hygiene (WASH)
interventions, particularly improvements in household
water access, sanitation, and handwashing facilities, is

essential to support stunting reduction in mining
communities.
Keywords  Sanitation, Stunting, Children, Mining,
Model, Health

1. Introduction

Stunting remains one of the most pressing public health
concerns globally. Approximately 193 million children
under five years of age experience stunted growth
worldwide, reflecting chronic  undernutrition and
prolonged exposure to unhealthy environments in 2024 [1].



836

Structural Model of the Impact of Sanitation Facilities and Maternal Factors

on Stunting among Under-Five Children in the Morosi Mining Area in Southeast Sulawesi Region, Indonesia

Stunting has far-reaching implications, not only for
physical growth but also for cognitive development,
educational attainment, and long-term productivity [2]. In
Indonesia, the prevalence of stunting remains high at
19.8% in 2024, indicating that approximately one in five
children experiences impaired growth, which may
adversely affect health, cognitive development, and future
human capital outcomes [3].

At the national level, the Indonesian government has
placed stunting reduction as a top priority within its public
health and human development agenda, namely the target
of 14.2% in 2029 [4]. However, significant disparities
remain across provinces. Southeast Sulawesi Province is
among the twelve priority provinces with the highest
stunting rates in Indonesia, recording 15.12% in 2022 and
a slight decline to 9.5% in 2023, and then it slightly
increased to 9.85% in 2024 [5-7]. Within this province,
Konawe Regency, the setting of this study, reported a
prevalence of 15.91% in 2022. This figure was slightly
higher than that of Southeast Sulawesi Province, namely
15.12% [8]. Moreover, Konawe Regency has mining
industry areas, including Morosi District, which puts
toddlers at risk of infectious diseases that lead to low
nutritional status.

Children living in mining areas face multiple
vulnerabilities [9]. Limited access to nutritious food is
compounded by poor environmental conditions, such as
inadequate sanitation, insufficient clean water supply, and
the absence of proper handwashing facilities. These
conditions increase susceptibility to infections, particularly
diarrheal and intestinal diseases, which disrupt nutrient
absorption and contribute to chronic malnutrition [10,11].
Stunting in developing countries is linked to inadequate
Water, Sanitation, and Hygiene (WASH) conditions [12].
Thus, the environmental determinants of health,
specifically sanitation infrastructure, play a crucial role in
shaping child nutritional outcomes.

Despite the recognized importance of WASH, empirical
evidence explaining its structural relationship with child
stunting in mining-affected communities remains limited.
Mining activities often lead to environmental degradation,
water contamination, and unequal access to basic public
health infrastructure, exacerbating risks for undernutrition
and stunting. Therefore, the aim of the study was to analyze
the direct relationships of WASH components and
maternal factors with stunting and to explore the pathways
through which these factors influence stunting among
children under five in the Morosi mining area of Southeast
Sulawesi, Indonesia. This study seeks to provide evidence-
based insights that can inform environmental health policy
and community-based interventions for stunting prevention
in industrial regions.

The novelty of this research lies in integrating
environmental and health service dimensions into a single
structural model using Partial Least Squares—Structural
Equation Modelling (PLS-SEM). Unlike conventional
approaches that employ simple regression or correlation

analysis, this study examines both direct and indirect
pathways linking sanitation facilities and stunting
outcomes. The findings are expected to contribute
theoretically to understanding environmental determinants
of child growth and practically to developing sustainable
policies that strengthen Water, Sanitation, and Hygiene
(WASH) programs within mining-affected communities.

2. Materials and Methods

2.1. Study Design

This research employed a quantitative case—control
design to identify environmental and service-related
determinants of stunting among children under five. The
design compared exposure characteristics between two
groups of stunted and non-stunted children to examine
causal relationships between sanitation, maternal factors,
and nutritional outcomes in a mining community setting.

2.2. Study Setting

The study was conducted in the Morosi Mining Area,
located in Konawe Regency, Southeast Sulawesi Province,
Indonesia, in July-September 2025. This area represents a
rapidly developing nickel mining zone that has undergone
substantial environmental transformation, including water
source degradation, limited sanitation facilities, and uneven
access to basic health services. Morosi was purposively
chosen due to its high prevalence of stunting and
environmental vulnerability associated with industrial
activity.

2.3. Sample Size and Sampling Technique

A total of 150 respondents participated in this study,
consisting of 75 mothers with stunted children (case group)
and 75 mothers with non-stunted children (control group).
The sample size was increased from the original dataset to
150 participants (75 cases and 75 controls) in response to
recommendations for improving statistical power and
model stability. Although a formal a priori power analysis
was not conducted during the original study planning phase,
the achieved sample size exceeds the minimum
requirements commonly recommended for PLS-SEM and
case—control studies. The larger sample improves the
precision of parameter estimates, reduces sampling
variability, and strengthens the robustness of the structural
model results.

A case—control design with a 1:1 ratio between cases and
controls was employed to ensure comparability between
groups. Respondents were selected using Cluster Random
Sampling from communities located within the Morosi
mining area. Eligible participants were identified based on
predefined inclusion and exclusion criteria.

The inclusion criteria were as follows:
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1)  Children aged 24—59 months;

2) Residing in the Morosi mining area for at least six
months prior to data collection;

3) Parents or guardians willing to participate and provide
informed consent.

The exclusion criteria were as follows:
1)  Children with congenital abnormalities;
2)  Children diagnosed with chronic diseases that could
affect growth and nutritional status.

Although the increased sample size improved the
robustness of the analysis, the case—control design remains
observational in nature. Therefore, the findings should be
interpreted as associations rather than causal relationships.
Future studies employing prospective cohort or
longitudinal designs are recommended to strengthen causal
inference regarding the influence of sanitation facilities on
childhood stunting.

2.4. Data Collection

Data collection was conducted through structured
interviews using a validated questionnaire administered to
mothers or primary caregivers. Information collected
included maternal characteristics (age, education, and
occupation), child characteristics (age, sex, and nutritional
status), and household sanitation conditions, including
water source, toilet facilities, and handwashing facilities.

Household sanitation variables were assessed through
structured interviews and direct observation of water
sources, toilet facilities, and handwashing facilities. No
laboratory testing of water quality parameters (e.g.,
microbial contamination, coliform bacteria, or heavy
metals) was performed. Therefore, the classification of
sanitation conditions was based on observed infrastructure
characteristics and respondent-reported information.

Maternal characteristics were collected because they are
recognized determinants of childcare practices, household
hygiene behavior, and child nutritional outcomes. These
variables were therefore considered as contextual factors
that may influence the relationship between sanitation
conditions and stunting.

Data on dietary intake, history of infectious diseases,
household income, and paternal characteristics were not
available in the original survey and therefore could not be
included in the present analysis.

Nutritional ~ status  was

determined  through

anthropometric measurements following WHO procedures.

Height-for-age z-scores (HAZ) were calculated using the
WHO Child Growth Standards [13]. Children with HAZ <
—2 SD were classified as stunted, while those > -2 SD were
classified as normal.

2.5. Operational Definitions of Sanitation Variables

The sanitation variables assessed in this study included

household water supply, toilet facilities, and handwashing
facilities. The classification criteria were adapted from the
WHO/UNICEF Joint Monitoring Program (JMP) for Water
Supply, Sanitation and Hygiene and the Indonesian
Ministry of Health sanitation standards [14,15].

Water Supply. Household water access was assessed
based on the primary source of water used for drinking,
cooking, and hygiene purposes. Water sources were
categorized as improved or unimproved according to
WHO/UNICEF JMP definitions. Improved sources
included piped water, protected springs, and protected
wells, while unimproved sources included unprotected
wells and other sources vulnerable to contamination. In
addition, the distance between the water source and septic
tank was observed, with a minimum distance of 10 meters
considered to reduce the risk of fecal contamination.

Toilet Facilities. Household toilets were classified as
standard (improved sanitation) if they met all of the
following criteria: (1) equipped with a sanitary toilet bowl
and water seal (pour-flush or flush system); (2) connected
to a septic tank or other safe excreta disposal system; (3)
located at least 10 meters from drinking water sources; and
(4) free from visible fecal contamination and unpleasant
odors. Toilets that did not meet one or more of these criteria
were classified as substandard (unimproved sanitation).

Handwashing Facilities. Handwashing facilities were
classified as standard when a designated handwashing
station was available within the household and equipped
with both clean water and soap at the time of observation.
Facilities lacking water, soap, or a designated handwashing
place were classified as substandard. This classification
follows WHO recommendations for basic hygiene services,
which emphasize the availability of handwashing facilities
with soap and water at the household level.

All sanitation variables were assessed through direct
observation by trained field enumerators using a structured
observation checklist to ensure consistency in classification
across households.

2.6. Data Validity and Reliability

Instrument validity was established through content
validation by three public health and environmental health
experts. Construct validity was assessed during the outer
model evaluation in Smart PLS by examining factor
loadings and Average Variance Extracted (AVE) values
(>0.5).

Reliability testing included Cronbach’s Alpha and
Composite Reliability (CR) to ensure internal consistency,
where values above 0.7 were considered acceptable. Cross-
loading analysis was conducted to verify discriminant
validity among constructs. The instrument was deemed
both valid and reliable for measuring sanitation facilities,
maternal factors, and child stunting indicators.

2.7. Data Analysis
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Data analysis was performed using SmartPLS version
4.1.1.4. The analysis consisted of two stages:

1) Measurement model (outer model) evaluation to
test indicator reliability and construct validity using
factor loadings, AVE, and CR;

2) Structural model (inner model) evaluation to
determine causal relationships between latent
variables using path coefficients, R? values, and ¢-
statistics  derived from bootstrapping (5,000
resamples).

The Partial Least Squares—Structural Equation Modeling
(PLS-SEM) approach was selected because it
accommodates complex multivariate relationships and
performs well with small sample sizes and non-normal data
distributions. Results were interpreted at a 95% confidence
level (p < 0.05) to identify significant paths within the
structural model.

PLS-SEM was selected because the primary objective of
this study was the prediction and exploration of structural
relationships among sanitation-related constructs and
stunting, rather than strict theory testing. Compared with
covariance-based SEM, PLS-SEM is more suitable for
studies with relatively small sample sizes, non-normal data
distributions, and exploratory models.

The adequacy of the sample size was also evaluated
based on the commonly applied 10-times rule for PLS-
SEM. The largest number of structural paths directed
toward a single endogenous construct (stunting) was four;
therefore, a minimum sample size of 40 observations was
required. The final sample of 150 participants substantially
exceeded this recommendation, supporting the stability and
reliability of the model estimation.

In addition to the primary sanitation-related constructs,
maternal age, education, and occupation were examined
descriptively as background characteristics of the study

population. However, because the primary objective of the
study was to evaluate the structural relationships among
sanitation-related variables and stunting, and because
several key confounding variables (dietary intake, infection
history, household income, and paternal characteristics)
were not available, the structural model should be
interpreted as an exploratory model rather than a fully
adjusted causal model.

2.8. Ethical Considerations

This study obtained ethical approval from the Health
Research Ethics Committee of Universitas Mandala
Waluya, Kendari, with approval number: 078/KEP-
UMW/VI11/2025 on July 17" 2025. All procedures
complied with the Declaration of Helsinki for ethical
principles in research involving human participants. Before
data collection, all respondents received an explanation
regarding the study objectives, procedures, and
confidentiality assurances. Written informed consent was
obtained from each participant’s parent or guardian.
Personal identifiers were omitted to ensure anonymity and
data confidentiality throughout the study process.

3. Results

3.1. Characteristics of Mothers of Under-Five Children

A total of 150 mothers participated in this study. The
mean age of respondents was 30.37 +5.78 years, with the
most common age being 30-34 years (Figure 1). This
indicates that most mothers were within the productive age
group, which is generally associated with optimal capacity
for childcare and health-related decision-making.
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Figure 1. Age distribution of mothers of under-five children in the Morosi mining region
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In terms of education, 44.0% of mothers had completed
senior high school, followed by junior high school (23.3%)
and elementary school (18.0%). A smaller proportion had
completed Diploma Il (6.0%) and undergraduate degrees
(8.7%) (Table 1). This suggests that the majority of mothers
possessed a moderate level of education, potentially
influencing their understanding of sanitation and child
nutrition practices.

Table 1. Educational and occupational characteristics of mothers

Characteristic Frequency Percent
Mother’s education:
Elementary School 27 18.0
Junior High School 35 23.3
Senior High School 66 44.0
Diploma 111 9 6.0
Bachelor 13 8.7
Mother’s Occupation
Unemployed 119 79.3
Honorary Worker 7 4.7
Civil Servant 8 53
Self-Employed 16 10.7
Total 150 100.0

Regarding occupation, most respondents (79.3%) were
unemployed or full-time homemakers, while 10.7% were

58
60

50
32

40 (21.3%)

30

Frequency

20

10

(12.7%)

839

self-employed, 5.3% were civil servants, and 4.7% were
honorary employees. The predominance of non-working
mothers reflects the economic dependence of households
on male income earners, particularly in the mining area
context. This condition may affect resource allocation for
household sanitation and child health needs.

Overall, the mothers’ demographic profile in this study,
characterized by young age, moderate education, and
limited formal employment, suggests that maternal
characteristics may play a key role in shaping household
sanitation behaviors and nutritional outcomes of children
living in mining-affected communities.

3.2. Characteristics of Under-Five Children

A total of 150 under-five children were included in the
study, with a mean age of 24.71 + 14.39 months. The
majority were aged around 12-23 months, representing a
critical period for growth and development (Figure 2). A
gender-matching design was applied, with equal numbers
of boys (n = 74) and girls (n = 76). Similarly, the sample
was evenly divided between stunted children (n = 75) and
normal children (n = 75).

This balanced distribution by sex and nutritional status
minimized potential bias in analyzing the relationship
between environmental sanitation and  stunting.
Consequently, the child sample adequately represented the
vulnerable age group for studying environmental and
behavioral influences on nutrition in the Morosi mining
area.

(38.7%)

23

19 (15.3%) 18
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6-23 12-23

24 -35
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Child's Age Group

Figure 2. Age distribution of under-five children in the study population
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3.3. Sanitation Facilities: Water Supply, Toilets, and
Handwashing Stations

The results showed that most households obtained water
from company pipelines (58.7%), followed by mountain
springs (26.7%), dug wells (9.3%), and artesian wells
(5.3%) (Table 2). Although the majority had access to
relatively safe water sources, a substantial proportion still
relied on natural sources that may not be hygienically
protected.

Table 2. Distribution of water, toilet, and handwashing facilities among
households (N = 64)

Facility Type Category Fre(?rl:)e ney Per((:;a/:)t age

Mountain spring 40 26.7
Company pipeline 88 58.7

Water Source
Artesian well 8 5.3
Dug well 14 9.3
Meets health standards 66 44.0

Toilet Facility
Substandard 84 56.0
Handwashing Meets health standards 60 40.0
Facility Substandard 90 60.0

Regarding sanitation, only 44.0% of households owned
toilets that met health standards, while 56.0% used
substandard facilities. This indicates a low coverage of
proper sanitation in the study area, particularly in
settlements  surrounding mining  activities  where
infrastructure is limited.

In terms of handwashing, only 40.0% of households had
adequate facilities, whereas 60.0% lacked proper
handwashing stations. The absence of hygienic
handwashing facilities increases the risk of infectious
disease transmission and subsequent nutritional disorders
among children.

Overall, while access to water sources was relatively
available, the quality of sanitation and hygiene
infrastructure  remained inadequate. The limited
availability of toilets and handwashing facilities constitutes
a key environmental factor contributing to the persistence
of stunting in the Morosi mining region.

3.4. Effect of Sanitation Facilities and Maternal
Factors on Stunting among Under-Five Children

Partial Least Squares (PLS) analysis demonstrated that
sanitation facilities, comprising water supply, toilets, and

handwashing stations, had a significant effect on stunting
among under-five children in the Morosi mining area as
follows:

I.  Outer model: Outer Loading

The outer loading results presented in Table 3 indicate
that all indicators had high loading values, ranging from
0.898 to 1.168, demonstrating that each indicator
adequately represented its corresponding latent construct.
The water facility construct was represented by X1.2
(1.000), the toilet facility constructs by X2.12 (1.168), X2.2
(0.898), and X2.3 (1.100), while the handwashing facility
construct was represented by X3.3 (0.986) and X3.5
(1.010). Maternal characteristics were measured through
education (Z2 = 0.992) and occupation (Z3 = 1.004),
whereas the stunting construct had a loading value of 1.000.
Overall, these findings suggest that the indicators exhibited
satisfactory reliability and were suitable for subsequent
validity, reliability, and structural model analysis.

I1. Convergent Validity and Internal Consistency
Reliability

As presented in Table 4, the convergent validity and
internal consistency reliability assessment demonstrated
satisfactory measurement properties for all latent
constructs. The Average Variance Extracted (AVE) values
ranged from 0.625 to 0.861, exceeding the recommended
threshold of 0.50, indicating adequate convergent validity.
Furthermore, Cronbach’s alpha values ranged from 0.733
to 0.841, while composite reliability (pc) values ranged
from 0.833 to 0.925, all above the recommended cut-off
value of 0.70. These findings indicate that the constructs of
toilet facilities, handwashing facilities, and maternal
characteristics possessed adequate internal consistency and
reliability, supporting their suitability for subsequent
structural model analysis.

I11. Discriminant Validity Assessment

Table 5 presents the discriminant validity assessment
using the Heterotrait—-Monotrait Ratio (HTMT). AHTMT
values ranged from 0.111 to 0.711, which were below the
recommended threshold of 0.85. The highest HTMT value
was observed between water facilities and toilet facilities
(HTMT = 0.711), while the lowest was found between
water facilities and maternal characteristics (HTMT =
0.111). These results indicate that each construct was
empirically distinct from the others, confirming
satisfactory discriminant validity and demonstrating that
the latent variables measured different concepts within the
proposed model.
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Table 3. Outer loading values for each indicator

Indicator

X.2. Toilet

X1. Water

X3. Handwash

Y. Stunting

Z. Mother

X1.2

1.000

X2.12

1.168

X2.2

0.898

X2.3

1.100

X3.3

0.986

X3.5

1.010

Y

1.000

Z2

0.992

Z3

1.004

X1.2= Distance from water source to septic tank; X2.12=Toilet meets requirements;
X2.2= The location of the reservoir hole is > 10 meters from the drinking water source;
X2.3= Odorless; X3.3= Hand washing soap is available; X3.5= Fulfillment of health standards;

Y= Stunting; Z2= Mother’s education; Z3= Mother’s occupation.

Table 4. AVE and Composite Reliability

Cronbach's alpha Composite reliability (rho_a) Composite reliability Average variance extracted
(rho_c) (AVE)
X.2. Toilet 0.733 0.799 0.833 0.625
X3. Handwash 0.841 0.883 0.925 0.861
Z. Mother 0.782 0.954 0.895 0.811
Table 5. HTMT or discriminant validity assessment
X.2. Toilet X1. Water X3. Handwash Y. Stunting Z. Mother

X.2. Toilet

X1. Water 0.711

X3. Handwash 0.369 0.239

Y. Stunting 0.567 0.281 0.360

Z. Mother 0.243 0.111 0.156 0.183

IV. Collinearity diagnostics (VIF)

Table 6 presents the collinearity diagnostics using
Variance Inflation Factor (VIF) values. The VIF values for
all indicators ranged from 1.000 to 2.496, which were
below the recommended threshold of 5.0. The highest VIF
value was observed for the toilet eligibility indicator
(X2.12 = 2.496), while the lowest values were found for the
water facility indicator (X1.2 = 1.000) and the stunting
indicator (Y = 1.000). These results indicate the absence of
multicollinearity among the indicators, suggesting that
each indicator contributed unique information to the model
and that collinearity was not a concern in the measurement
model.

841

Table 6. Collinearity diagnostics (VIF)
Indicator VIF
X1.2 1.000
X2.12 2.496
X2.2 1.176
X2.3 2.320
X3.3 2.116
X35 2.116
Y 1.000
Z2 1.700
Z3 1.700
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V. Inner Model (Structural Model):
a. Coefficient of Determination (R?)

Table 7 presents the coefficient of determination (R
values for the endogenous constructs in the structural
model. The results showed that water facilities explained
51.9% of the variance in toilet facilities (R=2= 0.519),
indicating a moderate explanatory power. Water facilities
also explained 4.7% of the variance in handwashing
facilities (R=2= 0.047), suggesting a weak explanatory
effect. Furthermore, the combined effects of water facilities,
toilet facilities, handwashing facilities, and maternal
characteristics explained 32.2% of the variance in stunting
(R==0.322). These findings indicate that the model has a
moderate ability to explain variations in stunting among
under-five children in the Morosi mining area, while the
remaining 67.8% may be influenced by other factors not
included in the model.

Table 7. R-Square (R?) values

R-square R-square adjusted
X.2. Toilet 0.519 0.515
X3. Handwash 0.047 0.040
Y. Stunting 0.322 0.303

b. Effect Size ()

Table 8 presents the effect size (f values, which
indicate the magnitude of the contribution of each
exogenous construct to the endogenous constructs in the
model. The results showed that water facilities had a large
effect on toilet facilities (f2= 1.077), indicating that water
access was a major determinant of toilet conditions. In
contrast, water facilities had small effects on handwashing
facilities (f2= 0.049) and stunting (f2= 0.019). Toilet
facilities exhibited a medium effect on stunting (== 0.187),
whereas handwashing facilities (f2= 0.080) and maternal
characteristics (f2= 0.033) showed small effects. These
findings suggest that toilet facilities contributed more
substantially to explaining stunting than handwashing
facilities and maternal characteristics, while water facilities
played a crucial role in determining the availability and
quality of toilet facilities.

c. Path Coefficient

Table 9 presents the path coefficients among the
constructs in the structural model. The results showed that
toilet facilities had the strongest positive relationship with

stunting (B = 0.778), followed by handwashing facilities (
= 0.267). Water facilities were positively associated with
toilet facilities (B = 0.686) and handwashing facilities (B =
0.280), indicating that improved access to water
contributed to better sanitation and hygiene conditions. In
contrast, water facilities had a direct negative relationship
with stunting (B = —0.231), suggesting that better water
access was associated with a lower risk of stunting.
Maternal characteristics also showed a weak negative
relationship with stunting (B = —0.080). Overall, these
findings indicate that sanitation-related factors, particularly
toilet facilities, played an important role in explaining
stunting among under-five children in the study area.

d. T-Statistic and P-Value

Table 10 presents the bootstrapping results used to assess
the significance of the structural relationships. All
hypothesized paths were statistically significant (p < 0.05).
The strongest relationship was observed between water
facilities and toilet facilities (B = 0.686, t = 10.900, p <
0.001), followed by the effect of toilet facilities on stunting
(B=0.778, t = 6.484, p < 0.001). Water facilities also
significantly influenced handwashing facilities (B = 0.280,
t = 2.880, p = 0.004) and had a significant negative effect
on stunting (fp =—0.231,t=2.410, p = 0.016). In addition,
handwashing facilities (= 0.267,t=3.265, p=0.001) and
maternal characteristics (f = —0.080, t =2.119, p = 0.034)
were significantly associated with stunting. These findings
indicate that sanitation facilities and maternal
characteristics significantly contributed to stunting
outcomes among under-five children in the Morosi mining
area.

e. Predictive Relevance (Q?) and Model Fit

Table 11 presents the predictive relevance (Q< and
model fit assessment of the PLS-SEM model. The
Q3redict values ranged from -0.004 to 0.648 at the
indicator level, with most indicators showing positive Q=
values, indicating acceptable predictive relevance. The
highest predictive relevance was observed for indicator
X2.2 (Q== 0.648), while a slightly negative value was
found for X2.12 (Q== -0.004). In addition, the PLS-SEM
prediction errors (RMSE and MAE) were generally
comparable to or lower than those of the benchmark models
for most indicators. These findings suggest that the
proposed model demonstrates adequate predictive
capability and satisfactory model fit in explaining the
relationships among sanitation facilities, maternal
characteristics, and stunting outcomes.
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Table 8. Effect Size (f2)

X.2. Toilet X1. Water X3. Handwash Y. Stunting Z. Mother
X.2. Toilet 0.187
X1. Water 1.077 0.049 0.019
X3. Handwash 0.080
Y. Stunting
Z. Mother 0.033
Table 9. Path Coefficient
X.2. Toilet X1. Water X3. Handwash Y. Stunting Z. Mother
X.2. Toilet 0.778
X1. Water 0.686 0.280 -0.231
X3. Handwash 0.267
Y. Stunting
Z. Mother -0.080
Table 10. T-Statistic and P-Value
Original sample (O)| Sample mean (M) Stang;_dD(ée\\;;ation T statistics (|(O/STDEV|) | P values
X.2. Toilet-> Y.Stunting 0.778 0.781 0.120 6.484 0.000
X1. Water-> X.2. Toilet 0.686 0.689 0.063 10.900 0.000
X1. Water -> X3. Handwash 0.280 0.281 0.097 2.880 0.004
X1. Water -> Y. Stunting -0.231 -0.227 0.096 2.410 0.016
X3. Handwash -> Y. Stunting 0.267 0.265 0.082 3.265 0.001
Z. Mother -> Y. Stunting -0.080 -0.078 0.038 2.119 0.034
Table 11. Predictive relevance (Q?) and model fit indices of each Indicator
Indicator | Qredict PLS-SEM PLS-SEM LM_RMSE LM_MAE IA_RMSE IA_MAE
RMSE MAE
X2.12 -0.004 0.501 0.481 0.459 0.427 0.500 0.496
X2.2 0.648 0.219 0.135 0.197 0.080 0.369 0.271
X2.3 0.061 0.482 0.418 0.466 0.429 0.497 0.490
X3.3 0.038 0.491 0.480 0.487 0.461 0.501 0.499
X3.5 0.024 0.487 0.467 0.492 0.473 0.493 0.483
Y 0.080 0.483 0.458 0.485 0.460 0.503 0.503
Table 12. Predictive relevance (Q?) and model fit indices of the latent variable
Q3redict RMSE MAE
X.2. Toilet 0.968 0.239 0.203
X3. Handwash 0.920 0.454 0.419
Y. Stunting 0.905 0.483 0.458
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As shown in Table 12, all endogenous constructs
demonstrated high predictive relevance, with Q=values
ranging from 0.905 to 0.968. Water facilities showed the
highest predictive relevance (Q=2= 0.968), while stunting
had the lowest value (Q== 0.905). In addition, the SRMR
value of 0.057 indicated a good model fit. Overall, these
results confirm that the structural model has strong
predictive accuracy and an acceptable fit to the data.

VI. Structural Model of the Impact of Sanitation
Facilities and Maternal Factors on Stunting

among Under-Five Children

Figure 3 illustrates the structural model of the
relationships among water facilities, toilet facilities,
handwashing facilities, maternal characteristics, and
stunting among under-five children in the Morosi mining
area. The model shows that water facilities positively
influenced toilet facilities (B = 0.686) and handwashing

facilities (B = 0.280), while having a direct negative effect
on stunting (B = —0.231). Toilet facilities exhibited the
strongest direct effect on stunting ( = 0.778), followed by
handwashing facilities (§ = 0.267). Maternal characteristics
also showed a significant negative relationship with
stunting (B = —0.080). Overall, the structural model
highlights the important role of sanitation-related factors,
particularly toilet facilities, in explaining stunting among
under-five children in the study area.

As shown in Table 13, all total effects were statistically
significant (p < 0.05). The largest effect was observed for
toilet facilities on stunting (B = 0.778), followed by water
facilities on toilet facilities (B = 0.686). Water facilities also
exerted a significant total effect on stunting (p = 0.378),
while handwashing facilities (B = 0.267) and maternal
characteristics (B = —0.080) were significantly associated
with stunting. These results emphasize the substantial
contribution of WASH-related factors to stunting outcomes.

X2.12 <4—0.000

X.2. Toilet

0.000 0.000

o

X3. ash
0.000 0.000
X3.3 X3.5

Figure 3. Structural Model of the Impact of Sanitation Facilities and Maternal Factors on Stunting among Under-Five Children in the Morosi Mining

Table 13. Total Effects

Original sample Sample mean Standard deviation T statistics P values
0) (M) (STDEV) (|IO/STDEV))
X.2. Toilet -> Y. Stunting 0.778 0.781 0.120 6.484 0.000
X1. Water -> X.2. Toilet 0.686 0.689 0.063 10.900 0.000
X1. Water -> X3. Handwash 0.280 0.281 0.097 2.880 0.004
X1. Water -> Y. Stunting 0.378 0.381 0.092 4.093 0.000
X3. Handwash -> Y. Stunting 0.267 0.265 0.082 3.265 0.001
Z. Mother -> Y. Stunting -0.080 -0.078 0.038 2.119 0.034
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4. Discussion

4.1. Overview of Key Findings

This study demonstrates that sanitation facilities and
maternal characteristics are important determinants of
stunting among under-five children in the Morosi mining
area. Unlike the initial descriptive analysis, maternal
education and occupation were incorporated into the
structural model as indicators of maternal characteristics,
allowing the assessment of their contribution to stunting
alongside WASH-related factors.

The findings indicate that sanitation-related factors,
particularly toilet facilities, played a more prominent role
in explaining stunting than maternal characteristics. Access
to water was also found to support sanitation and hygiene
practices, highlighting the interconnected nature of Water,
Sanitation, and Hygiene (WASH) components. These
results are consistent with previous studies showing that
inadequate WASH conditions increase the risk of infection,
impair nutrient absorption, and contribute to child growth
failure [16,17].

4.2. Clean Water Access as a Foundational
Determinant of Stunting

Access to clean and reliable water was identified as a
fundamental component of household sanitation systems
[18,19]. Adequate water availability supports essential
hygiene behaviors and enables the proper use and
maintenance of sanitation facilities, including toilets and
handwashing stations [20]. The findings of this study
indicate that water access plays an important role in
strengthening household sanitation conditions and
indirectly contributes to child health outcomes through its
influence on hygiene and environmental cleanliness.

These findings are consistent with previous studies
demonstrating that inadequate access to clean water
remains a significant risk factor for stunting among
children [21-25]. Limited water availability can restrict
hygiene practices, increase reliance on unsafe water
sources, and elevate exposure to enteric pathogens, leading
to recurrent infections and impaired nutrient absorption
that adversely affect child growth [26]. Consequently,
access to safe water serves not only as a basic household
necessity but also as an important pathway through which
sanitation conditions influence nutritional status.

In the mining context of Morosi, industrial activities may
place additional pressure on local water resources,
potentially affecting both water availability and quality.
Under such circumstances, improving community access to
safe and sustainable water supplies becomes a critical
public health priority. Strengthening water infrastructure
may enhance sanitation and hygiene practices, reduce
exposure to waterborne diseases, and ultimately contribute
to efforts aimed at preventing stunting among under-five
children [18,19,26].

4.3. Impact of Sanitary Toilets on Stunting

The findings of this study suggest that sanitary toilet
facilities play a central role in influencing child growth
outcomes and emerge as the most important sanitation-
related determinant of stunting. Adequate toilet facilities
help prevent environmental contamination by ensuring the
safe disposal of human excreta, thereby reducing children's
exposure to pathogenic microorganisms that can
compromise health and nutritional status [27]. In contrast,
poor sanitation and open defecation practices increase the
risk of exposure to pathogens such as Escherichia coli,
Giardia, and Cryptosporidium, which are associated with
recurrent gastrointestinal infections and impaired child
growth [28].

The present findings are consistent with previous studies
demonstrating that improved sanitation infrastructure
contributes significantly to better child growth and
nutritional outcomes [29-32]. One plausible explanation is
through the reduction of environmental enteric dysfunction
(EED), a subclinical condition characterized by chronic
intestinal inflammation resulting from repeated exposure to
unsanitary environments. EED has been widely recognized
as a pathway linking poor sanitation to impaired nutrient
absorption and linear growth failure among children [33—
36].

Poor sanitation may contribute to stunting through
several interconnected biological pathways. Inadequate
sanitation and hygiene increase children’s exposure to fecal
pathogens present in contaminated water, soil, food, and
household environments. Repeated exposure can lead to
recurrent diarrheal episodes and environmental enteric
dysfunction (EED), a chronic subclinical disorder of the
small intestine characterized by intestinal inflammation,
villous blunting, and increased intestinal permeability.
These conditions impair nutrient digestion, absorption, and
utilization while simultaneously increasing metabolic
demands associated with chronic immune activation. As a
result, children may experience persistent nutrient deficits
despite adequate food intake, leading to impaired linear
growth and an increased risk of stunting. This biological
pathway provides a plausible explanation for the
significant associations observed between sanitation
facilities and stunting in the present study.

These findings highlight that improving access to
sanitary toilets should be considered not only as an
infrastructure development strategy but also as a critical
public health intervention. Expanding access to safe
sanitation facilities may reduce the burden of enteric
infections, improve environmental health conditions, and
support efforts to prevent stunting among under-five
children, particularly in communities facing environmental
challenges associated with mining activities.

4.4. Handwashing Facilities and Stunting

The findings of this study indicate that handwashing
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facilities are an important component of household hygiene
and contribute to child growth outcomes. The availability
of handwashing stations equipped with clean water and
soap promotes proper hygiene practices and helps interrupt
the transmission of fecal—oral pathogens, thereby reducing
children's exposure to infectious diseases [37—-39].

These findings are consistent with previous studies
demonstrating that regular handwashing is one of the most
effective and cost-efficient public health interventions for
preventing diarrheal and respiratory infections, both of
which have been identified as important contributors to
stunting [40-42]. By reducing the frequency and severity
of infections, adequate hand hygiene can support nutrient
utilization and promote healthy growth among children.

The findings further suggest that improvements in
sanitation infrastructure should be accompanied by
behavioral interventions that encourage consistent
handwashing practices. Community-based hygiene
promotion programs, school health initiatives, and
household education campaigns may help strengthen
hygiene behaviors and enhance the effectiveness of broader
stunting prevention efforts, particularly in industrial and
mining-affected communities.

4.5. Environmental and Industrial Context of Morosi

The mining-industrial setting of Morosi provides an
important contextual framework for understanding the
study findings. Rapid industrial development can place
considerable pressure on local environmental resources and
public infrastructure, including water supply and sanitation
systems [43-45]. Such conditions may contribute to
disparities in access to adequate WASH facilities and
increase the wvulnerability of households to sanitation-
related health risks [46].

The findings suggest that improving WASH conditions
should be an integral component of public health strategies
in industrial and mining-affected communities. In this
context, investments in water infrastructure, sanitation
facilities, and hygiene promotion programs may help
reduce environmental health risks and support efforts to
prevent stunting among under-five children. Furthermore,
corporate  social  responsibility (CSR) initiatives
implemented by mining companies could play an important
role in supporting community-based WASH interventions
and strengthening local health infrastructure. Collaboration
among local governments, health authorities, and private
industries is therefore essential to ensure that economic
development is accompanied by improvements in
community well-being and environmental sustainability
[47].

It is important to note that this study focused on
household sanitation conditions and did not directly assess
environmental contamination or the physical, chemical,
and microbiological quality of water sources. Therefore,
the observed associations should be interpreted as
reflecting household WASH conditions rather than direct

evidence of environmental impacts from mining activities.
Future studies should integrate household WASH
assessments with objective environmental measurements
to better understand the pathways linking industrial
environments, sanitation conditions, and child growth
outcomes.

4.6. Integrating WASH and Nutrition Interventions

The findings of this study reinforce the importance of an
integrated WASH-nutrition approach to addressing
stunting among under-five children. The significant roles
of water access, sanitation facilities, and hygiene practices
observed in this study suggest that improvements in WASH
conditions  should  complement  nutrition-specific
interventions to achieve sustainable reductions in stunting
[17,48-50]. Because stunting is a multifactorial condition,
interventions  that focus solely on nutritional
supplementation may be insufficient if children continue to
be exposed to poor sanitation and unhygienic environments
[51-54].

Improved WASH conditions can reduce exposure to
infectious diseases, enhance nutrient utilization, and create
a healthier environment for child growth and development.
Therefore, combining  nutrition  programs  with
interventions that strengthen access to safe water, sanitary
toilets, and handwashing facilities may provide greater
benefits than implementing either approach in isolation
[17,48-50].

In Indonesia, programs such as Community-Based Total
Sanitation (CBTS) and Integrated Health Posts Plus offer
valuable opportunities to integrate sanitation improvement,
hygiene promotion, and nutrition education at the
community level [55-58]. Strengthening the integration of
WASH and nutrition components within national and
regional stunting reduction strategies may be particularly
important in industrial and mining areas, where
environmental and infrastructure challenges can increase
health risks. Such integrated efforts are also aligned with
the Sustainable Development Goals (SDG 3: Good Health
and Well-Being and SDG 6: Clean Water and Sanitation),
which emphasize the importance of addressing the
underlying determinants of child health and nutrition
through multisectoral action [59].

4.7. Strengths and Limitations

This study has several strengths. First, it employed
Partial Least Squares Structural Equation Modeling (PLS-
SEM), which enabled the simultaneous examination of
complex relationships among water facilities, toilet
facilities, handwashing facilities, maternal characteristics,
and stunting. This approach allowed the assessment of both
direct and indirect pathways and demonstrated satisfactory
predictive performance and model fit. Second, the study
focused on children living in a mining-affected community,
a population that remains underrepresented in stunting
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research, thereby providing valuable evidence on the role
of WASH conditions in this specific environmental context.

Nevertheless,  several limitations  should be
acknowledged. First, the case—control design limits the
ability to establish causal relationships between sanitation
factors and stunting. Second, the study was conducted in a
specific mining-affected community in Southeast Sulawesi,
which may limit the generalizability of the findings to other
geographic settings and populations. Third, several
sanitation-related variables were collected through
caregiver interviews and may therefore be subject to recall
bias and reporting bias. Furthermore, household sanitation
conditions were measured at a single point in time;
consequently, the observed WASH conditions may not
fully represent long-term environmental exposures
experienced during the period when stunting developed.

In addition, several potentially important determinants
of stunting, including dietary intake, history of infectious
diseases, household income, paternal characteristics, and
other socioeconomic factors, were not included in the
structural model. In particular, dietary intake was not
assessed using standardized methods such as a 24-hour
dietary recall or food frequency questionnaire.
Consequently, the potential confounding effects of nutrient
intake and dietary diversity could not be evaluated. Given
the well-established role of nutrition in child growth, future
studies should incorporate comprehensive dietary
assessments to better disentangle the relative contributions
of sanitation and nutritional factors to stunting.

Finally, this study did not directly assess environmental
quality through physical, chemical, or microbiological
testing of water sources. Therefore, the findings reflect
household sanitation conditions rather than objectively
measured environmental contamination. Future studies
should incorporate longitudinal designs, broader
socioeconomic and nutritional variables, and objective
environmental assessments to strengthen causal inference
and improve external validity.

Furthermore, biomarkers of environmental enteric
dysfunction (EED) and systemic inflammation, such as
alpha-1-antitrypsin, neopterin, myeloperoxidase, and C-
reactive protein (CRP), were not assessed. Therefore, the
biological pathways linking sanitation conditions to
stunting could not be directly verified. Future studies
should integrate environmental measurements with EED
and inflammatory biomarkers to better elucidate the

mechanisms  underlying  sanitation-related  growth
impairment.
Although the case—control design enabled the

identification of associations between sanitation factors
and stunting, it could not establish temporal relationships
between exposure and outcome. Future longitudinal or
prospective cohort studies are needed to better evaluate
causal pathways linking sanitation conditions to child
growth and stunting.
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In addition, the study relied on household-level
assessments of water access and sanitation conditions and
did not include objective environmental measurements
such as microbiological water testing. Consequently,
indicators of contamination, including Escherichia coli and
other fecal pathogens, could not be evaluated. Future
studies should incorporate physical, chemical, and
microbiological assessments of drinking water quality to
strengthen the understanding of the pathways linking
environmental contamination, sanitation conditions, and
stunting.

Furthermore, future studies should incorporate objective
environmental assessments, include a broader range of
nutritional and socioeconomic variables, and employ
prospective longitudinal or cohort designs to strengthen
causal inference and improve the generalizability of the
findings. In addition, because the study was conducted in a
single mining-affected district, the findings may reflect
local environmental, socioeconomic, and sanitation
conditions specific to Morosi. Future studies should
replicate the model across multiple mining regions and
districts to evaluate the consistency and external validity of
the observed relationships.

4.8. Public Health and Policy Implications

The findings of this study highlight the importance of
strengthening Water, Sanitation, and Hygiene (WASH)
interventions as part of comprehensive stunting reduction
strategies in industrial and mining communities. Given the
prominent role of sanitation facilities in explaining stunting,
efforts to improve access to sanitary toilets should be
prioritized alongside initiatives that expand access to safe
water and promote proper handwashing practices. Such
interventions may help reduce children's exposure to
enteric infections and create healthier environments that
support optimal growth and development.

From a policy perspective, local governments should
integrate. WASH improvement programs into existing
maternal and child health initiatives, particularly in areas
experiencing rapid industrial development. Investments in
safe water infrastructure, household sanitation facilities,
and community-based hygiene promotion programs are
likely to generate benefits that extend beyond nutrition
outcomes and contribute to broader public health
improvements.

The findings also suggest opportunities for stronger
collaboration between government agencies, health sectors,
and mining companies. Through corporate social
responsibility (CSR) programs, mining industries can
support community-based WASH interventions, including
water supply development, sanitation infrastructure
improvement, and hygiene education initiatives. Such
multisectoral approaches may help reduce health
inequalities, strengthen community resilience, and support
sustainable stunting reduction in mining-affected areas.



848 Structural Model of the Impact of Sanitation Facilities and Maternal Factors
on Stunting among Under-Five Children in the Morosi Mining Area in Southeast Sulawesi Region, Indonesia

5. Conclusions

This study demonstrates that sanitation facilities and
maternal characteristics are significantly associated with
stunting among under-five children in the Morosi mining
area, Southeast Sulawesi, Indonesia. The PLS-SEM model
showed moderate explanatory power, accounting for
32.2% of the variance in stunting. Among the factors
examined, toilet facilities emerged as the strongest
determinant of stunting, followed by handwashing
facilities, while access to water played a fundamental role
in supporting both sanitation and hygiene conditions.
Maternal characteristics also showed a significant,
although relatively smaller, contribution to stunting
outcomes.

These findings highlight the importance of addressing
stunting through integrated Water, Sanitation, and Hygiene
(WASH) interventions in addition to nutrition-specific
programs. Improving access to safe water, sanitary toilets,
and handwashing facilities may help reduce children's
exposure to infection and create healthier environments
that support optimal growth and development. The findings
further suggest that WASH improvements should be
prioritized in  mining-affected communities, where
environmental and infrastructure challenges may increase
vulnerability to poor health outcomes.

From a policy perspective, strengthening collaboration
among local governments, health sectors, and mining
industries is essential to support sustainable WASH
interventions and community health programs. Future
studies should employ longitudinal designs, include a
broader range of nutritional and socioeconomic
determinants, and incorporate objective environmental
assessments to better understand the complex pathways
linking sanitation, environmental conditions, and child
growth. Future research should employ longitudinal or
cohort designs to assess how changes in household
sanitation conditions influence child growth trajectories
over time.
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