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Abstract

Introduction: Sand-textured soil such as coastal makes it easier for microplastics to
migrate over longer distances. Kalimalang Hamlet, a coastal area, has a sandy soil
texture and most of its people consume untreated dug well water. This condition if it
occurs in the long term can cause health problems, such as oxidative stress, metabolic
changes, immune dysfunction, and cancer. This study is aimed at analyzing the
content, abundance, and causative factors of microplastics in the well water of the
community of Kalimalang Hamlet. Methods: This study is a quantitative-research
with a descriptive method. Thirty samples of people who consumed water were
selected by accidental sampling. Ten wells location was determined using cluster
random sampling followed by proportional random sampling. Data analysis used
was univariate with crosstab. Results and Discussion: The results showed that 10
dug wells were polluted with microplastics with a total of 188 particles with a size of
0.13-7.24 mm and identified forms of fibers, fragments, filaments. It is estimated that
there are 235 microplastic particles per day consumed by the community through
dug well water. Well depth, floor, sewerage, and distance from the waste management
site have the potential to increase the abundance of microplastics. Conclusion: The
distance of the dug well from the sea was not a major factor. This shows the need to
implement plastic waste management such as 3R, boiling, and multistage filtration
in the dug well water that will be consumed.

INTRODUCTION

Microplastics are one of the pollutants in waters

and distribution of microplastics in groundwater (7).
Microplastics can migrate longer distances in sand-

that have become a global problem because of their
impact that threatens the environment and public health
(1). Microplastics are pieces or fibers with a size of less
than 5 mm (2). Global data on marine plastic waste
disposal is one million metric tonnes per year, while
Indonesia is the fifth largest producer of marine plastic
waste at 56 thousand metric tonnes per year (3). Based
on the KLHK performance report in 2022, plastic waste
is the most common waste found in Indonesian seas at
105,946.98 gr/m? (4).

Microplastics can contaminate groundwater
because they enter through pores with vertical and
horizontal distribution properties (5-6). Groundwater flow
velocity depends on soil type, which affects the movement

Cite this as :

textured aquifers than alluvial textures (8). Microplastics
have an impact on human health in the form of oxidative
damage, cytotoxicity, neurotoxicity, damaging the
immune system which results in the onset of autoimmune
disorders or immunosuppression. Another impact is
to cause genomic instability of peripheral lymphocytes
which has an impact on the onset of disease, especially
cancer (9).

SIPSN waste generation data in 2022, Jember
Regency produces the second highest waste generation
in East Java at 370,362.43 tonnes of annual waste and
1,014.69 tonnes of daily waste. Based on data from the
Jember District Environment Office in 2022, Puger Sub-
district is one of the sub-districts with waste generation
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of 35 m® per day. This is reinforced by the findings of
microplastics in the estuary along the Puger Coast (10).

Kalimalang Hamlet is one of the hamlets in
Mojomulyo Villagelocated onthe Puger Coast. Kalimalang
Hamlet has several characteristics such as sandy soll
texture, plastic waste found along the beach, seaside,
and the environment around residents’ homes. The
results of the preliminary study showed that the people
of Kalimalang Hamlet still consume dug well water even
though it sometimes has a salty taste, thus indicating that
there has been a process of seawater intrusion that allows
microplastic pollution. This is supported by the results
of the preliminary study that microplastics were found in
three community well water samples that were directly
consumed without treatment, so that if consumed in the
long term there will be accumulation that has an impact
on health problems such as immune system dysfunction,
neurotoxicity, metabolic changes, and others (11-12).
Therefore, it is important to conduct research to analyse
the content and abundance of microplastics in dug well
water consumed by the community in Puger Coastal
Kalimalang Hamlet.

METHODS
Research Design

This study uses a type of quantitative research
with descriptive methods. The design of this study is a
cross sectional study with data collection at one time.
Descriptive research is carried out by observing the
environment without intervention in the environment and
research respondents. This research has gone through
an ethical test from the KEPK Faculty of Public Health,
University of Jember No. No0.465/KEPK/FKM-UNEJ/
[11/2024.

Research Location

This research was conducted on the Puger
Coast with most of the population still using dug wells
for consumption. Kalimalang Hamlet, Mojomulyo
Village, Puger District, Jember Regency was chosen
as the research location because it is within a radius
of 0-500 meters from the Puger Sea. Laboratory tests
of microplastic content were carried out at the Ecoton
Laboratory in Wringinanom District, Gresik Regency.
This research began to be carried out in September 2023
and sampling was carried out on March 8, 2024 at 10.00
AM-01.00 PM. March is included in the rainy season,
where rainfall can affect the content and abundance of
microplastics in groundwater.

Population and Sample

The population of dug wells in this study is all
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dug wells of the Kalimalang Hamlet community located
in the coastal area within a radius of 0-500 meters from
the Puger Sea that are consumed, which is as many as
85 dug wells (Figure 1). The researcher used this range
because the Kalimalang Hamlet area closest to the sea
was in that range. The community population in this study
is people who are at risk of exposure to microplastics
from dug well water consumed in the coastal area of
Kalimalang Hamlet.

The sample of this study consisted of well
water samples and respondents who consumed the
well water. The well water samples in this study came
from community-owned dug wells that were consumed
in coastal areas with a radius of 0-500 meters from the
Puger Sea, which was as many as 10 dug wells. The
determination of the sample point of the community’s dug
wells in this study was determined using cluster random
sampling based on the distance range. Sampling of
each cluster was carried out by dividing the length of the
administrative area of the research location, which was
2.5 km into 5 groups with a range of distances every 500
meters. The calculation of the determination of the sample
of each cluster uses proportional random sampling (Table
1 and Figure 1). The procedure technique for sampling
dug well water is guided by SNI 6989.58:2008 regarding
water and wastewater: groundwater sampling method.

The community sample in this study uses an
accidental sampling technique. The criteria for sample
inclusion are the people of Kalimalang Hamlet who are
willing to be respondents, productive age (15-64 years
old) with male or female gender, able to answer interview
questions, and people who are at risk of exposure to
microplastics from the dug well water consumed. The
community sample in this study is 30 people obtained
from the results of a preliminary study that for every dug
well consumed, there are an average of three people
who use the well for consumption. Community sampling
was carried out by visiting people who consumed dug
well water which was used as a sample of well water in
Kalimalang Hamlet, Puger District.

Population Map of Dug Wells in Kalimalang Hamlet
Community Unit (RW) 1 and 2
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Figure 1. Location Mapping of Total Population of Dug
Well in Kalimalang Hamlet
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Table 1. Sample Calculation Using Proportional Random
Sampling

Number . Number of

Cluster (meter) of Wells Calculation Samples
Distance 0-500 19 ; 10 2
Distance 500-1000 5 85_5 10 1

. 17
Distance 1000-1500 17 =~ 10 2

. 28
Distance 1500-2000 28 =~ 10 3

. 16
Distance 2000-2500 16 A X 10 2
Total 10

Data Collection

The variables of this study are microplastic
content (size, color, and shape), abundance of
microplastics, sources of household pollutants, distance
of the well to the sea, well construction (depth, rings,
well floor, well cover, drainage, and distance of the
well to waste treatment), port of entry (water treatment,
frequency of water consumption, duration, and amount
of well water consumed). Primary data in this study were
obtained from interviews with people who consumed dug
well water, observation of the environment around dug
wells and dug well construction, and also laboratory tests.
The secondary data used consisted of data on waste
generation, the amount of water from dug wells, and
literature studies in the form of books, journals, theses,
and so on related to this research. The instruments used
are questionnaire sheets, observation sheets, tools
and materials for sampling well water based on SNI
6989.58:2008 regarding water and wastewater.

Data Analysis

The data processing techniques used consist
of editing, coding, data entry, and tabulating. The
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data analysis used by univariate statistical tests was
used to identify the amount of microplastic content
and abundance in dug well water samples based on
the shape, size, and color obtained from the results
of laboratory tests. Then, it was followed by crosstab
tabulation to display the distribution of the frequency of
the content, the abundance of microplastics with dug well
construction, the distance of the dug well with pollutants,
and port of entry in dug well consumption descriptively.
The data in this study is presented in the form of tables
and narratives.

RESULTS

Microplastic Content and Characteristics in Dug
Wells

The content, size, and abundance of
microplastics can be seen in Table 2. All dug well
locations were contaminated with microplastics totalling
188 particles, with 5 particles classified as mesoplastic.
The location with the highest microplastics was well A
with 37 particles, while the lowest location was well C
with 10 particles. The size of microplastics found was in
the range of 0.13-7.24 mm.

The colour of the microplastics found consisted
of 12 colours including grey, blue, brown, transparent
brown, green, black, yellow, red, pink, white, transparent,
and purple with the dominant colour being black with
58 particles. The forms of microplastics identified were
fibers as many as 22 particles (11.7%), filaments which
were dominantly found at 143 particles (76.10%), and
fragments as many as 23 particles (12.2%). In detail,
the colour distribution of microplastics in each dug well
location is presented in Table 3.

Table 2. Size, Number, and Abundance of Microplastics in Dug Well Water

Size Category (Particles)

Well  Size (mm) Microplastics Mesoplastics (E;.Itlil?l?;) (gal:.ltlirgligl/lgi) Abundance
(<5 mm) (5-25 mm)
A 0.13-5.25 36 1 37 0.185 0.115-0.185
B 0.24-4.32 13 0 13 0.065 0.060-0.114
C 1.01-5.19 9 1 10 0.050 0.050-0.059
D 0.23-4.21 34 0 34 0.170 0.115-0.185
E 0.26-5.97 14 1 15 0.075 0.060-0.114
F 0.28-4.25 11 0 11 0.055 0.050-0.059
G 0.19-4.29 23 0 23 0.115 0.115-0.185
H 0.36-6.09 11 1 12 0.060 0.060-0.114
I 0.14-1.28 15 0 15 0.075 0.060-0.114
J 0.20-7.24 17 1 18 0.090 0.060-0.114
Total 183 5 188 X =0.094
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Table 3. Colour and Number by Particle Shape of Microplastics
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Number of Microplastics by Color (Particles)

Well Shape of Number
Microplastics  Grey Blue Brown trallsnrs(;)vglr;nt Green Black Yellow Red Pink White Transparent Purple (Particles)
Fiber 0 1 0 0 0 1 0 0 0 0 0 0 2
A Filament 1 9 2 2 0 7 1 2 3 0 1 0 28
Fragment 1 0 3 0 0 3 0 0 0 0 0 0 7
B Fiber 0 0 0 0 0 0 1 0 0 0 0 0 1
Filament 6 1 0 0 0 1 2 1 0 0 1 0 12
c Fiber 0 1 1 0 0 0 0 0 0 0 0 0 2
Filament 1 3 1 0 0 0 2 0 0 0 1 0 8
Fiber 2 0 0 0 0 0 0 0 0 0 0 0 2
D Filament 6 6 1 0 0 9 3 2 0 0 0 1 28
Fragment 0 0 0 0 0 4 0 0 0 0 0 0 4
E Fiber 1 0 0 0 0 1 0 0 0 0 0 0 2
Filament 3 2 0 0 1 4 1 0 0 0 2 0 13
Fiber 0 1 0 0 0 1 0 0 0 0 0 0 2
F Filament 2 1 0 0 0 1 0 0 0 0 3 0 7
Fragment 0 0 0 0 0 1 0 0 0 1 0 0 2
Fiber 0 1 0 0 0 3 1 0 0 0 0 0 5
G Filament 3 3 2 0 0 3 1 2 1 1 0 0 16
Fragment 0 0 0 0 0 2 0 0 0 0 0 0 2
Fiber 0 0 0 0 0 0 0 1 0 0 0 0 1
H Filament 0 3 0 0 0 0 1 3 0 0 1 0 8
Fragment 0 0 0 0 0 2 0 0 0 0 1 0 3
Fiber 0 0 0 0 0 2 0 0 0 0 0 0 2
I Filament 1 1 0 0 1 4 1 0 0 0 3 0 11
Fragment 0 0 0 0 0 2 0 0 0 0 0 0 2
Fiber 0 0 0 0 0 3 0 0 0 0 0 0 3
J Filament 1 5 0 0 0 1 1 0 0 0 4 0 12
Fragment 0 0 0 0 0 3 0 0 0 0 0 0 3
Total 28 38 10 2 2 58 15 11 4 2 17 1 188
Fiber 22 (11.70%)
Filament 143 (76.10%)
Fragment 23 (12.20%)
Total 188 (100.00%)

Microplastic Abundance in Dug Wells

The abundance of microplastics identified was
in the range of 0.050-0.185 particles/ml. The highest
microplastic abundance in well A was 0.185 particles/
ml and the lowest in well C was 0.050 particles/ml.
Microplastic abundance is divided into three categories:
0.050-0.059 particles/ml, 0.060-0.114 particles/ml, and
0.115-0.185 particles/ml. The microplastic abundance
categories can be seen in Table 2.

Distance of Dug Well from Pollutant Source

The distance between the respondents’ well
location and the Puger Sea is 121.60-398.18 metres.
Based on the measurement results, it is known that the
closest distance in dug well l is 121.60 m and the farthest
distance in dug well D is 398.18 metres. Based on the
measurement results, the distance between the dug
wells and the Puger Sea is classified into 3 categories:
close (121.60-131.94 metres), medium (131.95-362.34
metres), and far (362.35-398.18 metres).

Dug Well Construction

The construction condition of the respondents’s
dug wells is dominant, with a ring height of <80 cm in
9 wells (90%), a depth of 3.98-5.26 metres in 5 wells
(50%), and no well floor in 6 wells (60%). In addition, the
dominant respondent has dug wells with open conditions
without a cover as many as 6 wells (60%), not equipped
with sewerage as many as 7 wells (70%), and the
distance between the location of waste processing and
dug wells is at a distance of 1.5-2.9 metres as many as
6 wells (60%). A detailed description of the condition of
the Kalimalang Hamlet community’s dug wells is listed
in Table 4.

Table 4. Construction of Dug Wells for the Kalimalang
Hamlet

Results
r —
Category " ”
Upper Well Wall (ring)
<80 cm 9 90
>80 cm 1 10
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Results
Category = ”

Lower Well Wall

3.70-3.97 meter 2 20

3.98-5.26 meter 5 50

5.27-5.40 meter 3 30
Well Floor

<1 meter from the outer upper well wall 1 10

>1 meter from the outer upper well wall 3 30

Unavailable 6 60
‘Well Cover

Available 4 40

None 6 60
Sewer

Available 3 30

None 7 70
Distance to Waste Treatment Plant

1-1.4 meter 1 10

1.5-2.9 meter 6 60

3-6 meter 3 30

Port of Entry (Ingestion) of Dug Well Water
Consumption

The results of the interview obtained that there
were 15 respondents (50%) who consumed untreated
dug well water with the dominant consumption frequency
in the always category as many as 12 respondents (40%).
The dominant duration of respondents consumption
were found to be 19-32 years as many as 17 people
(56.7%) with the amount of well water consumption per
day dominant at >2 litres as many as 17 respondents
(56.7%). On average, the respondents consumes
2.5 litres of dug well water per day. The results of the
interview with the Kalimalang Hamlet community in detail
are presented in Table 5.

Table S. Port of Entry through Ingestion in Dug Well Water
Consumption

Results
Category i %

Treatment of the Dug Well Water Consumed

Cooked 15 50

Not cooked 15 50
Consumption Frequency

Always 12 40

Often (4-6 glass) 3 10

Rarely (1-3 glass) 9 30

Never 6 20
Consumption Duration

16-18 years 4 13.3

19-32 years 17 56.7

33-50 years 9 30.0
Amount of Water Consumed

<l liter 0 0.0

>1-<2 liter 2 6.7

2 liter 11 36.7

>2 liter 17 56.7

Factors Causing Microplastic Pollution in Dug Wells
Related to Well Construction

Table 6 is the frequency distribution of
microplastic abundance according to dug well
construction, there are 9 dug wells that have a ring
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height of <80 cm and dominantly contain an abundance
of microplastics of 0.060-0.114 particles/ml as many as
5 wells. The dominant respondents wells have a depth of
3.98-5.26 metres with 3 wells containing an abundance
of 0.060-0.114 particles/ml. The dominant well does not
have a floor with 3 wells having an abundance of 0.060-
0.114 particles/ml, not equipped with a lid as many as 4
dug wells contain an abundance of 0.060-0.114 particles/
ml. The dominant community well does not have a sewer,
3 wells with an abundance of 0.060-0.114 particles/ml
and 3 wells 0.115-0.185 particles/ml. Meanwhile, the
distance between the waste management site and the
dug well was dominated by the distance category of 1.5-
2.9 metres with an abundance of 0.060-0.114 and 0.115-
0.185 particles/ml in 3 wells each.

Table 6. Frequency Distribution of Microplastic Abundance
by Construction of Dug Wells in Kalimalang Hamlet

Abundance of Mikroplastics

Construction  (particles/ml) in Well Water  Total

Components of
Dug Wells 0.050-0.059 0.060-0.114 0.115-0.185
n % n % n % N %

Upper Well Wall (ring)

<80 cm 2 222 5 556 2 222 9 100

>80 cm 0 00 0 0.0 1 100.0 1 100
Lower Well Wall

3.70-3.97 m 0 00 0 0.0 21000 2 100

3.98-5.26 m 1 2000 3 600 1 200 5 100

5.27-5.40 m 1 333 2 667 0 0.0 3 100
Well Floor

<1 meter from the 1 100.0 0 0.0 0 0.0 1 100
outﬁr upper well
wa

>1 meter from the 0 00 2 66.7 1 333 3 100
outer upper well

wall

Unavailable 1 167.0 3 500 2 333 6 100
Well cover

Available 1 250 1 250 2 50.0 4 100

Unavailable 1 16.7 4 66.7 1 16.7 6 100
Sewer

Available 1 333 2 66.7 0 0.0 3 100

Unavailable 1 143 3 429 3 429 7 100

Distance to Waste
Treatment Plant

1-1.4m 0 0.0 1 1000 O 0.0 1 100
1.5-2.9m 0 0.0 500 3 500 6 100
36 m 2 66.7 1 333 0 0.0 3 100

w2

Factors Causing Microplastic Pollution in Dug Wells
Related to the Distance between Dug Wells and
Pollutant Sources

Based on Table 6, the distribution of microplastic
abundance according to the distance between the dug
wells to the Puger Sea, it is known that the dominant is in
the medium category, namely 5 wells (50%) and 3 of them
have microplastic abundance of 0.060-0.114 particles/
ml. In the near distance category, 2 wells contained
an abundance of 0.060-0.114 particles/ml. In the long
distance category, 2 wells contained an abundance of
0.115-0.185 particles/ml.
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Factors Causing Microplastic Pollution in Dug Wells
related to Port of Entry (Ingestion) in Consumption
of Dug Well Water

Based on Table 7, it was found that out of 30
respondents, 24 respondents (80%) still consume
untreated dug well water with 12 respondents classified
as always consuming. In that category, 9 people
consumed water with an abundance of 0.060-0.114
particles/ml. Meanwhile, the dominant respondents had
a consumption duration of 19-32 years with 8 people
consuming well water with an abundance of 0.060-0.114
particles/ml. The amount of dug well water consumed
was dominantly >2 litres with 8 people consuming dug
well water with an abundance of 0.060-0.114 particles/ml.
Based on the average amount of well water consumed
by the community per day of 2.5 litres and with an
average microplastic abundance of 0.094 particles/ml, it
can be seen that the Kalimalang Hamlet community is
estimated to consume as many as 235 particles/day of
microplastics through the dug well water consumed.

Table 7. Frequency Distribution of Microplastic Abundance
According to the Distance Between the Dug Well to the
Puger Sea in Kalimalang Hamlet

. Abundance of Mikroplastics
Distance between  (particles/ml) in Well Water  Total

f,)“g Well and =0 5076 059 0.060-0.114 0.115-0.185
uger Sea (m)

n % n % n % N %
Near (121.60-131.94) 0 00 2 100 0 00 2 100
Medium (131.95-
Medium( I 200 3 60 1 200 5 100
Far (36235-398.18) 1 333 0 0 2 667 3 100

Table 8. Frequency Distribution of Microplastic Abundance
by Port of Entry in Kalimalang Hamlet Community

Abundance of Mikroplastics
(particles/ml) in well Water Total

0.050-0.059 0.060-0.114 0.115-0.185
n % n % n % N %

Variables

Consumption

Frequency
Always 0 0.0 9 750 3 25.0 12 100
Often (4-6 glass) 0 0.0 0 0.0 3 1000 3 100
Rarely (1-3 glass) 3 333 6 66.7 0 0.0 9 100
Never 3 500 O 0.0 3 50.0 6 100
Consumption
Duration
16-18 years 0 0.0 1 250 3 75.0 4 100
19-32 years 4 235 8 47.1 5 294 17 100
33-50 years 2 222 6 66.7 1 11.1 9 100
Amount of Water
Consumed
>1-<2liter 0 0.0 2 1000 O 0.0 2 100
2 liter 3 273 5 455 3 27.3 11 100
> 2 liter 3 176 8 47.1 6 353 17 100
DISCUSSION

Microplastic Content and Characteristics in Dug
Wells

Well A has the highest amount of microplastics
with 37 particles, while well C has the lowest amount with
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10 particles. The difference in microplastic content and
characteristics is due to the surrounding environmental
conditions, distance to pollutant sources, community
behaviour, construction of dug wells, and climate (13—
15). The results of observations in wells classified as
high in microplastics found a lot of plastic waste around
dug wells, while in locations classified as low are more
maintained cleanliness, so that one of the evidences of
the cause of microplastics can come from the behaviour
of people throwing garbage. Microplastic pollution in
groundwater comes from plastic waste on the surface
of the soil that is carried in through the pores of the soil
(16).

The dominant form of microplastics identified
was filaments with 143 particles, while fibers with 22
particles, and fragments with 23 particles. Previous
research, microplastics in the Puger Sea were only in the
form of fibers and fragments (10). Thin, flexible filaments
are sourced from larger plastic waste fragments that
degrade under UV light into fine fibers (17-18). Other
contributing factors include ocean waves, wind speed,
animal bites, and human activity that breaks plastic into
fragments (19). The observation results show that plastic
waste such as plastic bags, food packaging, detergents,
nets, fishing strings, and plastic bottles are most widely
distributed in the dug well environment, so the filament
form is dominant. Filament microplastics have the lowest
density compared to other forms, so they are more
abundant and easy to find (20).

Microplastic fibers were found in every dug well
water sample, because the research locationis around the
coast. Polluted seawater can contaminate groundwater
through pores with horizontal distribution properties
influenced by ocean currents and wind pushes (6).
Another cause is the behaviour of people who still throw
nets, fishing ropes, and used water from washing clothes
directly to the ground (21). This is in accordance with
research that showed fiber microplastics originate from
the activities of fishermen in the use of nets and fishing
lines in the sea and coastal environment, as well as the
activity of throwing used clothes washing water on the
ground. Fragment microplastics have an irregular shape
and come from plastics with strong polymer properties
that experience decomposition or fragmentation into
broken fragments (22).

Kalimalang Hamlet community dug wells not only
found microplastics but found 5 mesoplastic particles.
The variation in the size of microplastics found indicates
that there is a degeneration process with a long time in
the sea which is influenced by pH, temperature, depth,
microorganisms, salinity, and UV radiation (13,23). The
results showed that the dominant microplastics were <5
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mm in size with 183 particles. This is in line with previous
research that microplastics found in dug wells around
Tamangapa landfill have a size of <56 mm (24). The
smaller the size of microplastics, the greater the danger
to the human body (25).

The colour of microplastics can indicate the
source of the polymer type and more precise identification
of microplastics (26). This study found 12 different colours
due to the duration of sun exposure, so that microplastics
will be oxidised, discoloured, softer in texture, and easily
destroyed (13,19,27). The dominant colour found was
black 58 particles, so it is in accordance with previous
research which states if the dominant black colour is found
in the wells of coastal residents of Bantul Regency (28).
The black colour indicates that many contaminants are
incorporated in microplastics and other organic particles
due to their high ability to absorb pollutants, indicating
that the environment is polluted (29). The intense colour
of the microplastics proves that they have not yet shown
any significant discolouration (30).

Microplastic Abundance in Dug Wells

The abundance of microplastics inthe Kalimalang
Hamlet dug well water is in the range of 0.050-0.185
particles/ml. The highest abundance of microplastics is
owned by well A at 0.185 particles/ml and the lowest in
well C at 0.050 particles/ml. Previous research stated
that the abundance in the Puger Sea, especially the
Getem Estuary, was 0.05 particles/litre (10). Differences
in abundance are caused by the location of the dug
well, well construction, the surrounding environment,
community behaviour, seawater currents, and wind
speed (31). Climate or rainfall can also affect abundance
because it can increase water discharge or current
velocity, so that microplastics can move quickly and if
microplastics are on the soil surface, they will enter the
soil pores through infiltration with rainwater (27,32).

Distance of the Dug Well to the Pollutant Source

The distance that allows microplastic pollution
through seawater intrusion is not the main factor in the
amount of microplastic content. This is in accordance with
that showed the distance of the well with the number of
microplastics has a relatively low relationship (33). This
study is not in line with another research in dug wells
around the Payungan landfill, that the highest number
of microplastics was found at the closest distance (0-1
km) from the landfill (34). Other causative factors that
can support the presence of microplastic content include
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the behaviour of people who still litter, the construction of
dug wells, and climatic factors or rainfall.

Construction of Dug Wells

Dug wells must have a construction that is in
accordance with the standards to prevent pollution. The
rings of respondents dug wells are dominantly <80 cm
in height, 23 metres deep from the floor surface, do not
have well floors, covers, and drains, and the dominant
distance of waste management sites is 1.5-2.9 metres.
Based on the observation, the ring, floor, cover, sewerage,
and distance from the waste treatment site did not meet
the standard. The results showed that well construction
can be one of the factors of microplastic content in the
dug wells of the Kalimalang Hamlet community because
microplastics were found in all well locations. The
construction of dug wells can have an influence on the
presence of contaminants contained in dug wells (35).

Port of Entry Dug Well Water Consumption

Microplastics can enter the human body, one of
which is through the consumption of water contaminated
with microplastics. Based on the interview results, 15
respondents (50%) directly consume well water without
being treated. Respondents stated that well water is
fresher to drink directly even though it sometimes tastes
salty. Boiling water at 25-100°C for 5 minutes in hard
water can reduce the microplastic content by +80-90%,
while in low-mineralised water it can reduce microplastics
by more than 25% (36). The multistage filtration process
can also reduce microplastic particles by 75.5% (37).

Frequency of consumption is the amount of time
people consume dug well water in one day, namely out
of 30 respondents, 12 people always consume untreated
dug well water. Duration of consumption is the period of
time the respondents consumes dug well water, which is
dominant in 19-32 years as many as 17 people (56.7%).
The amount of dug well water consumed is dominant
>2 litres as many as 17 people (56.7%), where people
generally work as fishermen, so they need a lot of water
consumption every day. On average, respondents
consumed 2.5 litres of dug well water per day. When
consuming dug well water with microplastic content for
a long period of time, it can potentially have an impact
on health such as accumulation in the body, oxidative
stress, cytotoxicity, and trigger the onset of diseases
such as cancer (38). However, the impact of the dangers
of microplastics is still in the research development
stage. Ingestion of polyethylene microplastics in rats can
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result in impaired nephron function through the process
of increasing levels of particles in microplastics and Ox-
LDL in the blood (39).

Factors Causing Microplastic Pollution Related to
Dug Well Construction

The ring height of respondents dug wells is
dominant at <80 cm with a microplastic abundance
category of 0.060-0.114 particles/ml in 5 wells. Well lips
that are not up to standard can increase the chances
of a dug well being contaminated (35). The dominant
respondents dug well has a depth of 3.98-5.26 with an
abundance of microplastics of 0.060-0.114 particles/ml
as many as 3 wells. The depth of the dug well supported
by the condition of the dug well that does not meet the
standards will make it easier for pollutants to enter the
dug well (35). Respondents’ dug wells are dominantly
not equipped with covers with a large abundance of
microplastics, namely 0.060-0.114 particles / ml as many
as 4 wells. Observations show that people use covers
that may affect the abundance of microplastics such
as asbestos, plastic, tarpaulin, and rubber. Community
dug wells were predominantly not equipped with a drain
as many as 3 wells and had the largest abundance.
Observations showed that people directly dispose of
wastewater to the ground because there are no sewers,
so that wastewater can seep into the ground and
pollute the environment. Dominantly, respondents have
a dug well with a distance of 1.5-2.9 metres from the
waste management site with 3 wells having the highest
abundance of microplastics, while the well with the
furthest distance dominantly has the lowest abundance
of microplastics. The distance between the dug well and
the waste management site that is in accordance with
the standard will prevent pollution (35). Some aspects
that have the potential to influence the abundance of
microplastics such as depth, well floor, the presence
of sewerage, and the distance of the well to the waste
processing site. This study is in line with a research which
states that microplastic concentrations are influenced by
well cover and depth (14).

Factors Causing Microplastic Pollution in relation to
the Distance of the Dug Well to the Pollutant Source

The farthest distance of the dug wells from the
Puger Seadominated the largest microplasticabundance.
The distance category of wells with the closest pollutant
source has a microplastic abundance of 0.060-0.114
particles/ml. This shows that the farther distance has a
greater abundance of microplastics, thus proving that
the distance of the dug well to the pollutant source is not
the main cause of microplastic abundance. This study is
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in line with research that showed the distance between
the pollutant source and the dug well does not affect the
abundance of microplastics in the dug well. Microplastic
abundance is not proportional to the distance between
the groundwater sample location and the landfill site
(40). However, this study is not comparable with another
study that found the distance between the dug well
and the landfill has an influence on the abundance of
microplastics. The abundance of microplastics in dug
wells is not only caused by the distance between the dug
well and the pollutant source, but can also be caused by
other factors such as community behaviour in disposing
of waste, well construction, climate, and other factors.
This is supported by the community’s habit of managing
waste by dumping and burning it around the house or
around the well and there is still a lot of rubbish scattered
in the neighbourhood.

Factors Causing Microplastic Pollution related to Port
of Entry (Ingestion) in Dug Well Water Consumption

The frequency of consumption of untreated dug
well water in the category of always and has the highest
abundance is 3 people. The duration of consumption of
dug well water in respondents is dominant in the 19-32
year category by consuming microplastic abundance
of 0.060-0.114 particles/ml as many as 8 people. The
dominant amount of water consumed by the respondents
are >2 litres with an abundance of 0.060-0.114 particles/
ml. The average respondent consumes 2.5 litres of dug
well water per day with an average abundance of 0.094
particles/ml, so it is estimated that per day there are 235
microplastic particles that enter the human body from the
consumption of dug well water.

The greater the amount of microplastic
consumption, the negative impact on health, influenced
by the size, shape, and abundance. Microplastics can
impact neurotoxicity, cytotoxicity, metabolic disorders,
oxidative stress, immune disorders, and trigger cancer
(41). Microplastics exert neurotoxic effects that impact
neural functions such as impaired cognitive function
(thought process, memory, concentration), and increase
the risk of inflammation (41). Oxidative stress then
triggers the production of free radicals that result in
the destruction of body cells, which in the long run will
potentially trigger the onset of Parkinson’s disease
or Alzheimer’'s disease. Immune disorders such as
impaired macrophage function due to the accumulation
of microplastics in tissues that result in localised
inflammation and impaired immune response to disease
(9,42). Polystyrene (PS) microplastics with smaller
sizes can affect red blood cells and have an impact on
haemolysis (25). In addition, microplastics can also act
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as carriers of toxic compounds and absorb contaminants
from the environment, resulting in increased damage to
the body (43).
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CONCLUSION

The total content of microplastics found in the
Kalimalang Hamlet dug wells was 188 particles, the
forms of microplastics found were filaments, fragments,
and fibers with 12 different colours, and particle sizes
that had a range of 0.13-7.24 mm. The abundance of
microplastics is in the range of 0.050-0.185 particles/ml,
while the distance between the dugwelland the Puger Sea
has a range of 121.60-398.18 metres. The construction
of dug wells in Kalimalang Hamlet predominantly has a
ring <80 cm, has a depth of 3.98-5.26 metres, has no
well floor, well cover, and drain, and has a distance of
1.5-2.9 metres from the waste management site. Half
of the respondents consumed untreated dug well water,
the dominant frequency of consumption was always
untreated, the dominant duration of consumption was
19-32 years, and the amount of water consumed per
day was >2 litres. Aspects of depth, floor, sewerage, and
distance to waste management sites have the potential
to increase microplastic abundance. The distance of
the dug well from the pollutant source is not a major
factor in the abundance of microplastics and the highest
abundance of microplastics is dominated by respondent
who always consume well water without treatment with a
duration of 19-32 years, and with an amount of >2 litres
per day.

The Jember District Health Office is advised to
provide education to the community regarding waste
management in the community such as reduce, reuse,
recycle (3R) because the habits of the respondents are
still not managing waste properly and correctly, and also
an introduction to microplastics including the dangers,
impacts, and prevention methods. For the community to
be able to carry out proper waste management, especially
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plastic waste such as 3R and waste processing locations
that are not around dug wells. The community, especially
respondents who still consume dug well water can filter
the well water using multistage filtration and boil the water
to minimize the presence of microplastic contaminants.
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