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Abstract

Artisanal and Small-Scale Gold Mining (ASGM) poses a significant risk of environmental
contamination and may affect children’s health through exposure to heavy metals such as
mercury (Hg). Such exposure can potentially disrupt the hematopoietic system, particularly red
blood cell (RBC) morphology. This study aimed to describe the RBC morphology among children
living near ASGM areas in Sepang Simin, Gunung Mas District, Central Kalimantan. A cross-
sectional design was conducted involving 43 elementary school children. Blood smears were
examined using Giemsa staining, and data were analyzed descriptively. A total of 81.4% of
children exhibited abnormal RBC morphology, most commonly microcytic-hypochromic cells
(65.1%). Ovalocytes and elliptocytes were also predominant, particularly among boys and
children with exposure durations longer than five years. Children residing near ASGM sites
showed a high prevalence of RBC morphological abnormalities, predominantly microcytic-
hypochromic changes. These findings highlight the need for continuous monitoring and further
evaluation of hematological profiles, especially among children living in mercury-affected
areas.
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INTRODUCTION

Artisanal and Small-Scale Gold Mining (ASGM) remains a major livelihood
strategy for rural populations across developing countries. While economically
beneficial, the environmental and health risks associated with ASGM are
increasingly alarming. Mercury (Hg), commonly used in gold amalgamation due
to its cost-effectiveness and simplicity, is the predominant contaminant in
these operations. Mercury exposure can occur through inhalation of vapor,
ingestion of contaminated food and water, or dermal contact with mining waste

(Capitao et al., 2022). Heavy metal toxicity in children has been associated
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with a variety of health issues. Several studies have reported that exposure to
heavy metals such as mercury and lead is linked to an increased risk of
neurodevelopmental disorders, reduced cognitive function, and, in the long
term, may contribute to the onset of chronic conditions such as cancer and
hematologic disorders (Heng et al., 2022). Epidemiological and biomonitoring
studies among children in mining areas have indicated correlations between
heavy metal exposure and altered hematological parameters. Capitao et al.
(2020) found that blood lead levels in children were negatively correlated with
hemoglobin and MCH, and positively associated with RDW. This suggests that
higher lead exposure is associated with decreased Hb levels and smaller
erythrocyte indices along with increased red cell size variability (RDW) (Capitao
et al., 2022). This finding is consistent with a case report by Shah et al. (2025),
which showed that 93% of boys in an industrial area with chronic lead exposure
suffered from anemia, characterized by microcytic-hypochromic erythrocytes

and marked anisopoikilocytosis on peripheral blood smears (Shah et al., 2025).

Mercury (Hg) is one of the primary contaminants in ASGM activities due to
its use in gold extraction through amalgamation. A study by Piscopo et al. (2020)
reported that exposure to inorganic mercury (mercuric chloride, HgClz) caused
significant alterations in the structure and function of human erythrocytes
Mercury has a high affinity for thiol (-SH) groups on erythrocyte proteins,
leading to depletion of glutathione (GSH) and inhibition of antioxidant enzymes
(SOD, CAT, GPx), which triggers oxidative stress (Ajsuvakova et al., 2020). This
process induces lipid and membrane protein oxidation (e.g., Band 3, spectrin-
ankyrin), reducing cell stability and deformability, and ultimately altering red
blood cell morphology (Perrone et al., 2023). Children are more vulnerable to
these toxic effects due to their developing physiological systems (Al osman et
al., 2019). Although global evidence continues to strengthen the association
between heavy metal exposure and erythrocyte morphology abnormalities and
anemia in children, local data from Indonesia remain limited. Gunung Mas

Regency in Central Kalimantan Province is one of the regions with intense ASGM
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activity located close to residential areas, placing nearby populations at risk of

repeated mercury exposure.

METHODES
This cross-sectional study involved 43 children enrolled in grades IV-VI at

SDN 2 Sepang Simin. A total sampling technique was applied using inclusion
criteria (aged 8-12 years, residing in Sepang Simin for >2 years) and exclusion
criteria (current illness, history of hematological disorders, or absence during
sample collection). Prior to data collection, written informed consent was
obtained from parents or legal guardians to approve the child’s participation in
this study.

Approximately 3 mL of venous blood was drawn from each participant and
collected in vacutainer tubes containing the anticoagulant
Ethylenediaminetetraacetic acid (K:EDTA). Peripheral blood smears were
prepared and stained with Giemsa (Merck) following the standard Romanowsky
staining protocol (Bain et al., 2017). The stained smears were examined under a
light microscope (Olympus CX21) using a 100x oil immersion objective lens. Red
blood cell morphological abnormalities were assessed by comparing findings with
standard hematology atlases (Keohane et al., 2016).

This study received ethical approval from the Bioethics Committee, Faculty
of Medicine, Sultan Agung Islamic University, Semarang (No. 410/X/024/Komisi
Bioetik). Additional research permissions were granted by the Government of
Gunung Mas Regency (No. 000.9.2/34/BAPPERIDA/1X/2024) and the Regional
Education Office of Sepang (No. 420/33/04.02/KORWIL-SP/1X/2024). Descriptive
data analysis was presented in terms of frequency, percentage, and graphical

representation.

RESULT

This study aimed to examine the effects of mercury exposure on red blood

cell (RBC) morphology in children at risk of environmental contamination.
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Peripheral blood smear analysis revealed morphological abnormalities in the
erythrocytes, as shown in Figure 1. Of the 43 blood samples analyzed from
children living near ASGM sites in Sepang Simin, 35 (81.4%) exhibited abnormal
RBC morphology, including microcytic hypochromic (65.1%), microcytic
normochromic (9.3%), and normocytic hypochromic (7%). Only 8 of 43 children

(18.6%) showed normal normocytic normochromic morphology.
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Figure 1. Red Blood Cell Morphological Findings in Male and Female Children

Figure 1 illustrates the distribution of RBC morphology by gender. The
most prevalent abnormality, microcytic hypochromia, was observed in 33% of
both boys and girls. In addition, boys showed a higher proportion of microcytic
normochromic and normocytic hypochromic cells, while girls more frequently
displayed normocytic normochromic morphology. The equal proportion of
microcytic hypochromic findings across genders suggests a uniform impact on

both boys and girls in this population.

Figure 2. Red Blood Cell Morphology; a) Microcytic Hypochromic, b) Microcytic Normochromic,
¢) Normocytic Hypochromic, d) Normocytic Normochromic
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Figure 2 depicts examples of RBC morphological abnormalities: (a)
microcytic hypochromic cells, characterized by reduced size and increased
central pallor; (b) microcytic normochromic cells with normal central pallor;
(c) normocytic hypochromic cells with standard size but pale appearance; and

(d) normocytic normochromic cells with normal shape and coloration.
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Figure 3. Red Blood Cell Morphological Findings Based on Duration of Exposure

The distribution of erythrocyte morphology by exposure duration showed
a less favorable profile in children exposed for >5 years compared with those
exposed for 2-5 years. Microcytic hypochromia was significantly more common
among children with >5 years of exposure (41.9%) than those exposed for 2-5
years (23.3%). Microcytic normochromia was also more frequent in the >5 years
group (7%) compared to the 2-5 years group (2.3%). Normocytic hypochromia
was only found in the longer exposure group (7%), while normocytic

normochromic morphology showed an equal distribution in both groups (9.3%).
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Figure 4. Abnormal Red Blood Cell Shapes in Blood Smears by Sex

Figure 4 presents RBC shape abnormalities by sex. Ovalocytes were the
most common, seen in 37.2% of boys and 30.2% of girls. Elliptocytes followed,
occurring in 32.6% of boys and 25.6% of girls. Pear-shaped cells were more
prevalent in girls (25.6%) than boys (20.9%). Cigarette cells appeared in 16.3%
of boys and 18.6% of girls, target cells in 4.7% of boys and 9.3% of girls, and
pencil cells in 4.7% of both. Notably, teardrop cells were more frequent in girls
(14%) than boys (2.3%), while stomatocytes appeared more often in boys (9.3%)
than girls (2.3%).

Figure 5. Abnormal Red Blood Cell Shapes Observed in Peripheral Blood Smears; a) Pencil cell,
b) cigaratte cell, c) Elliptocyte, d) Ovalocyte, e) Target cell, f) Teardrop cell, g) Pear shape
cell, h) Stomatocyte



468 |

Figure 5 presents peripheral blood smear preparations showing various
morphological abnormalities of red blood cells (RBCs) observed in children
residing near artisanal and small-scale gold mining (ASGM) areas. The identified
abnormal forms include pencil cells, cigarette cells, elliptocytes, ovalocytes,
target cells, teardrop cells, pear-shaped cells, and stomatocytes. Among these,
elliptocytes and ovalocytes were the most predominant findings in male
children, indicating that boys are more susceptible to erythrocyte deformation
due to higher physical activity and greater environmental exposure. In contrast,
female children more frequently exhibited cigarette cells, target cells,
teardrop cells, and pear-shaped cells, reflecting osmotic imbalance and

membrane instability possibly associated with chronic environmental stress
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Figure 6. Abnormal Red Blood Cell Shapes in Blood Smears Based on Duration of Exposure

Figure 6 categorizes morphological abnormalities based on exposure
duration. Ovalocytes were dominant in the >5 years group (48.8%) compared to
2-5 years (18.6%). Elliptocytes were also higher in the >5 years group (39.5%)
versus 18.6% in the shorter exposure group. Pear-shaped cells were more
common in >5 years exposure (32.6%) than 2-5 years (14%). Other abnormalities
such as cigarette cells, target cells, teardrop cells, and stomatocytes were also
more frequent in the long-term exposure group. Pencil cells showed equal

distribution (4.7%) in both groups.
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DISCUSSION

The data indicate that most children residing near ASGM in Sepang Simin
exhibit microcytic hypochromic RBC morphology, with boys showing slightly
more abnormalities, and those with >5 years of residence exhibiting the highest
prevalence. Microcytic hypochromic morphology refers to small-sized RBCs with
pale centers due to low hemoglobin content, commonly associated with iron
deficiency anemia, anemia of inflammation, thalassemia, Hb E disease or trait,
and sideroblastic anemia (Keohane et al., 2016).

Similar findings were reported in lead-exposed children in Shandi Pura,
where the predominant RBC morphology was microcytic hypochromic(Shah et
al., 2025). According to Balali-Mood et al. (2021), heavy metals like mercury,
lead, chromium, cadmium, and arsenic induce erythrocyte toxicity through
shared mechanisms including reactive oxygen species (ROS) generation,
antioxidant depletion, enzyme inactivation, and oxidative stress—factors that
drive morphological changes (Balali-Mood et al., 2021).

ASGM activities are known to release elemental mercury vapor into the air
and contaminate surface water, soil, and the food chain, especially fish.
Consequently, not only miners but also their families and children living nearby
are exposed (Wu et al., 2024). Mercury and cyanide levels in the Kahayan River—
a major river in Sepang Simin linked to ASGM—have exceeded class-2 river water
quality standards (Abigani et al., 2023). Hair mercury levels in children from
ASGM areas were mostly above international health exposure limits (1-2 pg/g),
correlating with anemia, altered hematological parameters, neurocognitive
impairment, and growth disturbances (Weinhouse et al., 2017).

This study also found that children who had lived >5 years near ASGM sites
exhibited higher proportions of all RBC abnormalities. Boys were more likely to
show ovalocytes, elliptocytes, and stomatocytes, while girls showed higher
frequencies of pear-shaped, teardrop, target, and cigarette cells. The

abundance of abnormal RBC morphologies suggests chronic exposure to mining-



470 |

related contaminants, especially mercury (Hg), in children residing near ASGM
activities in Sepang Simin.

In vitro studies have demonstrated that mercury induces structural and
metabolic alterations in RBCs, including modifications to hemoglobin tetramers
(Hg-Hb complexes) and membrane proteins such as cytoskeletal elements—
leading to morphological deformation (Notariale et al., 2022). Mercury-induced
oxidative stress damages membrane proteins (e.g., Band 3, spectrin/ankyrin),
reducing RBC deformability and shifting cell shapes into abnormal forms (Perrone
et al., 2023).

CONCLUSION

This study revealed abnormal erythrocyte morphology in children living

near artisanal gold mining areas (ASGM). Predominantly showing microcytic
hypochromic cell with ovalocytes and elliptocytes as the main findings. In
additional this condition may also be associated with iron deficiency, nutritional

disorders, or underlying infections which require further evaluation.
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