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ABSTRACT

Background: This study aims to determine the quality of water channels close to rice fields and houses that
produce domestic and agricultural waste based on heavy metal contamination. Method: Water sampling was
carried out directly at the research location and tested at the UPTD Regional Health Laboratory of Gorontalo
Province. The sampling points amounted to three points, namely station I, station I, and station IIl. The water
quality parameters analyzed included heavy metals (Cd, Hg, Fe), pH, dissolved oxygen (DO), biochemical oxygen
demand (BOD), chemical oxygen demand (COD), and temperature. Results: The results of Cd heavy metal
concentrations at each point were station I (0 mg/L), station II (0 mg/L), and station III (0 mg/L). Heavy metal
Hg was recorded at station I (0.0038 mg/L), station II (0.00185 mg/L), and station III (0 mg/L). Fe heavy metal
concentrations were station I (1.20685 mg/L), station II (1.0082 mg/L), and station III (0.4 mg/L). The pH value
in Tamalate canal water remained stable at around 7, with station I (7.3), station II (7.4), and station III (7.3).
The DO values were station I (82.7 mg/L), station II (85.1 mg/L), and station III (81.7 mg/L). The BOD values
were station I (55.35 mg/L), station II (51.85 mg/L), and station III (57.05 mg/L). The COD values were station
I (110.5 mg/L), station II (109.5 mg/L), and station III (119.5 mg/L). The temperature measurements were
station I (30.95°C), station II (29.35°C), and station III (30.2°C). Conclusion: The distribution of heavy metals in
canal water is quite varied due to the influence of environmental conditions and activities around the Tamalate
canal, resulting in uneven distribution. Novelty/Originality of this article: This study provides a detailed
assessment of heavy metal contamination using multiple water quality indicators. It highlights the influence of
surrounding land use, including domestic and agricultural activities, on metal distribution and overall water
quality.
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1. Introduction

Water quality is a crucial factor that determines the health of aquatic ecosystems and
human welfare. As stated by Pramaningsih et al. (2023), water is an essential environmental
element for sustaining life, and the availability of water resources in both quantity and
quality is vital for supporting environmental sustainability. Polluted water can threaten the
survival of living organisms, reduce ecosystem productivity, and indirectly impact human
health. This aligns with the findings of Farhan et al. (2023), who stated that water pollution
has serious consequences, including harming biodiversity and damaging aquatic
ecosystems such as seas, lakes, and canals that flow into rivers. One of the water sources
frequently affected by human activities is canals, which function as reservoirs during the
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rainy season to prevent overflow and flooding. Canals are part of river systems that have
been expanded or deepened in specific areas and are constructed by humans to meet
various needs. In Bone Bolango district, one of the most important canals is the Tamalate
Canal, which serves as a source of agricultural irrigation and a disposal site for agricultural
and household waste. Agricultural and household waste act as pollutants that can
contaminate the canal (Lamangantjo et al., 2023).

Pollution in the Tamalate Canal primarily originates from domestic waste, including
detergents, household garbage, and agricultural activities that involve the use of pesticides
and chemical fertilizers, contributing to the decline in water quality. This is consistent with
the findings of Junaedi & Hasanah (2014), who stated that harmful substances mainly come
from household waste, including used laundry water (soap and detergent), fertilizers, and
pesticides. Residual fertilizers and pesticides can pollute water in agricultural
environments. The impact of such pollution disrupts the balance of aquatic ecosystems;
therefore, assessing water quality in the Tamalate Canal is essential. To evaluate its water
quality, an analysis using physical and chemical parameters is required, including
measurements of heavy metals (Cd, Hg, Fe), DO, BOD, COD, temperature, and pH.

Water quality, particularly in areas adjacent to agricultural land, is often threatened by
various pollutants. Hazardous pollutants commonly found include Cd, Hg, and Fe. Heavy
metals originate from the use of fertilizers and pesticides in agricultural activities. During
rainfall, accumulated heavy metals in the soil are carried by runoff water into the water
system. The accumulation of heavy metals in aquatic organisms can disrupt biological
processes and damage aquatic ecosystems. This is in line with the findings of Sutrisno &
Kuntyastuti (2015), who stated that heavy metal pollution in agricultural land also results
from the use of pesticides and inorganic fertilizers. The continuous and prolonged use of
these substances leads to increased contamination of agricultural land.

Physical parameters such as water temperature and pH provide insights into the
physical condition of water, which affects life around the Tamalate Canal (Ernawati & Restu,
2021). An approach that integrates chemical and physical parameters yields a more
comprehensive analysis of water conditions, as these factors are interrelated and influence
each other. Therefore, research on the analysis of water quality in the Tamalate Canal is
crucial, combining these two factors to provide a more thorough assessment of water
quality. This is particularly important as the canal is frequently used as a disposal site for
various types of waste. This aligns with the findings of Yusal & Hasyim (2022}, who stated
that physico-chemical parameters significantly impact life in and around aquatic
environments.

2. Methods

This research was conducted in the Tamalate Canal, Bone Bolango Regency, Gorontalo
Province, from November 2024 to January 2025.
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Fig. 1. Map of the Tamalate Canal
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This study employed a quantitative descriptive method with a survey approach. This
method was chosen to provide a comprehensive overview of the Tamalate Canal's water
quality based on physico-chemical parameters, particularly focusing on heavy metal
contamination (Cd, Hg, and Fe).

2.1 Data collection technique

Water sampling was conducted directly at the research site (in situ) at several locations
considered representative along the Tamalate Canal, along with the measurement of
physical and environmental parameters. The sampling points were determined based on
locations adjacent to agricultural activities, residential areas, and representative locations
upstream, midstream, and downstream of the canal. Three sample points were identified:
Station Iin West Poowo Village, Station Il in North Oluhuta Village, and Station I1l in Oluhuta
Main Village. The coordinates of these points were mapped using GPS (Global Positioning
System). Water samples from the Tamalate Canal were collected at each observation station
by first rinsing the sample bottles, followed by the collection of water samples, which were
subsequently analyzed at the UPTD Regional Health Laboratory of Gorontalo Province.
Additionally, measurement activities at the research location were recorded and
documented, and environmental parameters such as pH and ambient temperature were
measured.

2.2 Data analysis

Descriptive analysis of heavy metals involves calculating the mean, standard deviation,
and concentration range (minimum and maximum values) for each sample type. This
analysis aims to provide an overview of the concentration levels of heavy metals in the
Tamalate Canal. Comparison analysis with quality standards involves comparing the
measured concentrations of each heavy metal (Cd, Hg, and Fe) with the water quality
standards based on Government Regulation No. 22 of 2021, Class I1], on the Implementation
of Environmental Protection and Management. This analysis determines whether the
concentration of heavy metals in the Tamalate Canal has exceeded the allowable limits and
has the potential to cause negative impacts on the environment and human health.
Correlation analysis of heavy metals is conducted to determine the relationship between
the concentration of each heavy metal (Cd, Hg, and Fe) and other water quality parameters,
such as temperature, water color, turbidity, pH, DO, COD, and BOD. This analysis aims to
identify factors that may affect the concentration of heavy metals in the Tamalate Canal and
to assess whether there is a relationship between heavy metal concentrations and the
condition of the aquatic environment.

3. Results and Discussion

This research was conducted in the Tamalate Canal located in Bone Bolango Regency,
Gorontalo Province, which stretches for 2.5 km with a width of 25 m and a depth of 1.5 m.
The Tamalate Canal functions as a flood control channel and holds excess water during the
rainy season, which empties into the Bone River. Based on the results of the research, the
results of the physico-metallic parameter measurements were found in.

Table 1. Physical-chemical factors of tamalate canal at 3 observation stations

No Physical and Optimum value of good Location
" chemical factors water quality I 11 111
1 Temperature Dev 3 30.95°C 29.35°C 30.2°C
2 Water color - Brownish Yellowish- Brown
brown
3 pH 6-9 7.3 7.4 7.3
4 Turbidity - 38.84 90.905 80.88
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Dissolved Oxygen . o 82.7 85.1
5 (DO) Minimum limit 3 mg/L mg/L mg/L 81.7 mg/L
Biological Oxygen . .
6 Demand (BOD) Minimum limit 6 mg/L 55.35 51.85 57.05
Chemical Oxygen . . 110.5 109.5
7 Demand (COD) Minimum limit 40 mg/L me/L me/L 119.5 mg/L
8 Cadmium (Cd) Minimum limit 0,01 mg/L 0 0 0
9 Mercury (Hg) Minimum limit 0,002 0.0038 0.00185 0
e meg/L mg/L  mg/L  mg/L
. o 1.20685 1.0082
10 Iron (Fe) Minimum limit - mg/L me/L me/L 0.04 mg/L

The results of water temperature measurements at Station I reached 30.95°C. The
water temperature at Station I of the Tamalate Canal is categorized as Class Il according to
the river water quality standards outlined in Government Regulation No. 22 of 2021. The
temperature at Station I shows a fairly good range, as supported by Dawes (1981) and
Putriningtias et al. (2021), who stated that the normal range for tolerable temperatures is
between 27-30°C. The same range is cited by Wulandari et al. (2015) and Putriningtias et
al. (2021), which is 28-30°C. The water temperature remains relatively stable without any
significant increase. This condition can be attributed to the high sun exposure in the
Tamalate Canal, which causes a very bright environment. The fluctuations in temperature
measured can be influenced by several factors, such as weather conditions, the location of
sampling points, and the time of sampling (Zainuri et al., 2023).

The pH value at Station I is 7.3, which, based on the quality standards of Government
Regulation No. 22 of 2021, still meets the water quality standards for Class III river water.
This class can be used for freshwater fish farming, animal husbandry, and crop irrigation.
The pH value remains within the optimal range, with a minimum limit of 6-9 for Class III
river water. A very low pH can increase the solubility of metals in water, making them toxic,
while a high pH can elevate ammonia concentrations in water, which is also toxic.

The turbidity measurement result was 38.84, indicating that the water is turbid with a
brownish color, similar to what Munfiah & Setiani (2013) and Sari et al. (2019) described.
The color of the water can be caused by the presence of organic matter, inorganic materials,
metal ions such as Fe, and other substances. High concentrations of Fe in water can cause
discoloration, turning it from clear to yellow or brown. High turbidity causes light to be
scattered and absorbed rather than passing through the water in a straight line. Turbidity
leads to water becoming foggy, reducing its transparency. The direction of the emitted light
beam will change when it collides with particles in the water (Kurniawati et al., 2023).

The concentration of dissolved oxygen (DO) at Station I is around 82.7 mg/L. According
to the river water quality standards of Government Regulation No. 22 of 2021, this DO value
meets the standards for Class Il water, which is suitable for freshwater fish farming, animal
husbandry, and crop irrigation, with a minimum limit of 3 mg/L. This indicates that the
dissolved oxygen at Station I of the Tamalate Canal is quite high. As Alfatihah et al. (2022)
stated, the high DO value is due to the photosynthesis process by aquatic plants that produce
oxygen in the water. Additionally, Pasongli & Dirawan (2015) noted that dissolved oxygen
levels are strongly influenced by temperature, salinity, and water level. As temperature and
water level increase, dissolved oxygen tends to decrease. Biological factors such as
photosynthesis and respiration also affect the amount of dissolved oxygen in the water.

The BOD measurements at Station I of the Tamalate Canal were 55.35 mg/L, which,
according to the river water quality standards in Government Regulation No. 22 of 2021 for
Class III water, is above the minimum limit of 6 mg/L. This shows that the organic pollution
level in the Tamalate Canal is high. According to Hatta (2014) and Murjani et al. (2024), high
BOD values are correlated with an increase in organic matter in the water. Conversely, lower
BOD values are associated with lower organic matter content. In line with Daroini &
Arisandi (2020), the high organic matter content in the water increases the demand for
dissolved oxygen (BOD). Therefore, the higher the organic matter in the water, the higher
the BOD value. BOD is an essential chemical parameter for determining water quality, and
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in the case of the Tamalate Canal, the high BOD content indicates a lack of dissolved oxygen
in the water.

The concentration of COD at Station I of the Tamalate Canal is around 110.5 mg/L,
which, based on the river water quality standards in PP No. 22 of 2021 for Class III, exceeds
the minimum limit of 40 mg/L. The high COD levels at Station I are caused by significant
pollution in the Tamalate Canal, and the proximity of the canal to sources of agricultural and
residential waste. The existence of unplanned settlements leads to improper household
waste disposal, such as bathroom/toilet and kitchen waste entering the canal directly
without proper coordination (Purwati, 2015). COD is required to break down both easily
and difficultly decomposable organic matter in water, and thus, the COD value reflects the
total amount of organic matter present in the water (Simbolon, 2016). COD and BOD values
determine the extent of water pollution. The concentration of COD increases as the amount
of organic matter in the water rises. High concentrations of BOD and COD indicate low
dissolved oxygen levels in the water, a result of high organic matter content (Mayagitha &
Rudiyanti, 2014).

At Station I, cadmium levels were found to be 0, and based on the river water quality
standards in PP No. 22 of 2021 for Class III, which has a minimum limit of 0.01 mg/L, the
cadmium pollution level in the Tamalate Canal is considered negligible. The release of
cadmium (Cd) into the water occurs naturally through rock weathering, which releases Cd
into the soil and water. It is suspected that the source of Cd in the Tamalate Canal comes
from fertilizers and pesticides used by farmers in the surrounding areas, which are carried
into the canal with rainwater. As Purbalisa et al. (2017) stated, the excessive use of inorganic
fertilizers can increase the cadmium content in soil and plants. The cadmium content in
fertilizers ranges from 0.1 to 170 ppm (Wangge et al, 2022). Fluctuations in Cd
concentrations in sediments at Station I are influenced by river currents. Hutagalung et al.
(1997) and Emilia et al. (2013) found that areas with calmer currents have higher
concentrations of heavy metals that settle on the waterbed compared to areas with stronger
currents.

At Station [, mercury (Hg) levels were found to be approximately 0.0038 mg/L. Based
on the river water quality standards in PP No. 22 of 2021 for Class III, with a minimum limit
of 0.002 mg/L, this indicates that mercury pollution in the Tamalate Canal exceeds the
minimum threshold. The Hg heavy metal compounds in the Tamalate Canal come from
various sources, including household activities such as bathroom/toilet and kitchen waste
entering the canal, as well as agricultural activities in the surrounding area, carried into the
canal with rainwater. According to Apdy (2016), environmental contamination due to
mercury arises from various sources, including agricultural activities such as fertilizer and
fungicide use. Common sources of mercury in the environment include household
detergents and cleaners. Gholizadeh et al. (2016) also argue that mercury contamination in
aquatic environments poses a higher risk to human health and aquatic organisms since
water acts as a long-term repository for heavy metals. Water quality analysis is the process
of determining the chemical, physical, biological, and other characteristics of water bodies
to identify potential pollution sources that could degrade water quality. A decrease in water
quality can be caused by the discharge of waste, pesticides, heavy metals, and sediments.
Sources of heavy metals in soil also come from the soil-forming parent material, such as Hg
in sand sedimentary rocks (0.29 ppm). Mercury in the soil originates not only from soil-
forming materials but also from insecticides used in agricultural commodity production.
Intensive use of insecticides and fertilizers in rice fields leads to the highest levels of
mercury in the soil compared to other sources (Juhriah & Alam, 2016). The use of Urea and
Phonska fertilizers by farmers around the Tamalate Canal also contributes to high mercury
levels, as these fertilizers contain essential nutrients and secondary elements like Ca, Mg,
and microelements, including heavy metals such as Cd, Cr, Pb, Cu, and Hg in varying
amounts, thus elevating mercury levels at Station I of the Tamalate Canal beyond the
permissible limit (Purbalisa & Mulyadi, 2018). Similarly, Barokah et al. (2019) suggested
that the high mercury levels at a location are likely caused by mercury-containing waste
from nearby housing that enters the Tamalate Canal. According to Purnawan et al. (2013)
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and Nuraini et al. (2017), mercury in aquatic environments can result from various human
activities, such as household waste and agriculture, which contribute to increasing mercury
concentrations in aquatic environments.

At Station I, iron (Fe) levels were found to be around 1.20685 mg/L. The high iron
content in the Tamalate Canal water is due to various factors, including waste disposal into
water bodies. Iron is carried by canal water currents, which eventually flow toward the river
mouth (Syukriah et al., 2024). The increase in iron levels is influenced by temperature, with
temperature measurements at Station [ showing around 30.95°C, which is still relatively
high. Febriana & Efendy (2020) stated that temperature supports the high solubility of iron
in water, and an increase in temperature can affect the solubility of iron, thus explaining the
elevated Fe levels in Tamalate Canal water. Iron is an essential metal needed by living
organisms in certain amounts, but excessive levels can be toxic. High levels of iron can
impact human health, causing poisoning (vomiting), intestinal damage, premature aging,
sudden death, arthritis, birth defects, bleeding gums, cancer, kidney cirrhosis, constipation,
diabetes, diarrhea, dizziness, fatigue, hepatitis, hypertension, and insomnia (Supriyantini &
Endrawati, 2015).

Temperature measurements at Station Il were around 29.35°C, differing from Station
I. Asrini et al. (2017) argued that temperature plays a crucial role in controlling aquatic
ecosystems. An increase in temperature accelerates the decomposition of organic matter by
microbes. The temperature difference between the stations in the Tamalate Canal, from
upstream to downstream, is caused by varying human activities that contribute to pollution,
such as settlements and agriculture. According to Samsundari & Wirawan (2013),
temperature affects oxygen solubility in water and influences interactions between various
water quality factors. Water at Station Il appeared brownish-yellow with a turbidity value
of 90.905, a result of organic and inorganic materials in the water, which can affect the
water's color, as noted by Harianti & Nurasia (2016). Water color can be caused by the
presence of organic and inorganic materials, including metal ions. Turbidity measures the
amount of suspended substances in water. The higher the light scattering caused by
suspended particles, the higher the turbidity. Substances causing turbidity include sediment
(mud), organic and inorganic particles, and dissolved organic color mixtures (Samarinda,
2017). According to Usman et al. (2024), the high turbidity and color values are linked to
humic and fulvic compounds. The pH value at Station Il was 7.4, which is still within the
neutral range, in line with Fadillah et al. (2023), who stated that pH values between 6 and 9
typically indicate neutral to slightly alkaline conditions.

The results of dissolved oxygen (DO) measurements at Station II ranged from 85.1
mg/L, which is quite high compared to the river water quality standards in PP No. 22 of
2021 for Class III, with a minimum limit of 3 mg/L. The BOD concentration at Station II
ranged from 51.85 mg/L, and the COD value ranged from 109.5 mg/L, both of which are
classified as high according to the river water quality standards in PP No. 22 of 2021 for
Class I1I, with minimum limits of BOD 6 mg/L and COD 40 mg/L. This indicates that organic
matter pollution at Station Il is considerably high, as Sara et al. (2018) mentioned that BOD
and COD are commonly used as water pollution parameters due to their role in estimating
organic matter contamination. In line with Santoso's (2018) view, BOD measures the
amount of oxygen used by microbial populations in response to degradable organic matter
entering water. Some researchers add that BOD also reflects the amount of biodegradable
organic matter in the water.

At station II, the cadmium level was found to be 0, and based on the quality standards
for river water and similar bodies in PP No. 22 of 2021, class III, with a minimum limit of
0.01 mg/L, it indicates that the cadmium pollution level at this station is virtually absent.
The suspected source of cadmium in the Tamalate canal waters is the adjacent agricultural
land, where cadmium contamination primarily originates from fertilizers. The cadmium
content in fertilizers ranges from 30-60 mg/kg. Consequently, wastewater from rice fields
could flow into water bodies, potentially polluting the canal. Additionally, the Tamalate
canal serves as an irrigation source, and the irrigation water is then used to irrigate rice
fields. The cadmium metal is subsequently deposited into the soil and enters the water body
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along with rainwater (Syachroni, 2017). In line with the opinion of Septiani et al. (2020), it
was suggested that cadmium (Cd) in rice fields comes from irrigation systems that act as
drains for household waste, and from the use of chemical fertilizers by farmers (Suriani,
2016). According to Wihardjaka & Harsanti (2018), the intensive use of fertilizers in rice
cultivation in a continuous manner leads to high fertilizer deposition, thus increasing
cadmium metal availability. It is also noted that farmers near the Tamalate canal use various
types of fertilizers to enhance soil fertility, such as urea and NPK fertilizers. Based on
research by Sukarjo et al. (2018), the highest cadmium content is found in NPK fertilizer at
approximately 4.49 ppm, and urea fertilizer contains about 2.14 ppm.

At station II, mercury (Hg) levels were recorded at 0.00185 mg/L, which, according to
the quality standards for river water in PP No. 22 of 2021, class III, with a minimum limit of
0.002 mg/L, still falls within the average quality standard. Several factors influence mercury
levels in water, such as temperature and pH. Variations in water temperature significantly
correlate with water salinity, affecting mercury, which tends to bind easily with salt. Low
mercury levels in a water body can lead to deficiencies in various organisms (Selayar et al.,
2015). In terms of chemical parameters, Tamalate canal water is of good quality and does
not contain toxic chemicals or heavy metals that exceed the water quality standards
stipulated by PP No. 22 of 2021, class III. If a water body contains heavy metals above the
threshold, it results in pollution that harms the surrounding environment. Common heavy
metals found in water, such as iron (Fe), mercury (Hg), and cadmium (Cd), are often used
as indicators of water quality (Anwar et al., 2019; Syuzita et al., 2022). The presence of
heavy metals in water is influenced by both natural factors, such as erosion of surrounding
mineral stones, and human activities, such as waste disposal from industrial, domestic, and
agricultural sources, as well as excessive use of chemical fertilizers (Widyaningrum;
Khoiroh et al., 2020; Syuzita et al., 2020).

Mercury is a non-essential heavy metal, and its presence in the body is not known to
have any beneficial effects, and it can even be toxic. Mercury is the only metal that is liquid
at normal temperatures. In natural fresh waters, mercury levels range from 10-100 nm/L
(Moore, 1991), while at station II, mercury levels were found to be 0.00185 mg/L. Mercury
exists in nature in the form of metals, inorganic salts, and organic salts. Inorganic mercury
salts can cause liver and kidney damage, as the highest mercury deposits are found in these
organs (Palar, 1994; Supriharyono, 2000; Effendi, 2000). Accumulation of mercury in the
body can result in symptoms such as thermor, parkinsonism, gray eye lens disorders, nerve
disorders, and, ultimately, death (Linder, 2010; Wijayanti, 2017). At station I, the iron (Fe)
content was measured at 1.0082 mg/L. While the presence of iron in water is necessary for
living organisms in certain amounts, excessive iron can become toxic to the body (Murraya
et al., 2018). The iron content at station II is due to agricultural runoff entering the water
body. Local farmers often use chemical fertilizers containing iron, and during rainfall or
excessive irrigation, this runoff flows into the canal, raising the iron levels, in line with the
opinion of Viana et al. (2021), who suggest that iron levels can result from runoff from
agricultural practices, such as fertilizer application and pesticide spraying.

Temperature measurements at station III ranged from 30.2°C, which is within the
optimal range, as stated by Tatangindatu et al. (2013) and Pratiwi (2022), where the
optimal temperature is 28-32°C. High and low temperatures can be influenced by various
factors, including sunlight and wind. Sunlight plays a key role in determining the amount of
heat absorbed by the surface of the water, while wind affects the temperature by moving
hot and cold air, bringing heat to colder areas and raising temperatures accordingly
(Pasongli & Dirawan, 2015). As stated by Syuzita et al. (2022), temperature changes can be
caused by external factors such as wind, humidity, and weather conditions. pH
measurements at station III ranged from 7.3, indicating that the water is neutral. Based on
PP No. 22 of 2021, this still meets the class Il water quality standards, with a minimum limit
of 6.9.

The dissolved oxygen concentration was measured at approximately 81.7 mg/L,
classified as relatively high based on the quality standards for river water in PP No. 22 of
2021. This indicates that dissolved oxygen at station III exceeds the minimum limit of class
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[1I water quality standards intended for freshwater fish cultivation, animal husbandry, and
irrigation, with a minimum limit of 3 mg/L. Water temperature influences the solubility of
oxygen in water, with higher temperatures reducing the oxygen solubility, and vice versa
(Pasongli & Dirawan, 2015). Turbidity levels at station III were recorded at 80.88 mg/L,
which is classified as high. This high turbidity is likely due to sediment accumulation from
surface runoff during rainfall, particularly since station Il is located at the downstream part
of the canal. According to Siahaan et al. (2011), suspended solids from upstream flow
downstream, causing increased turbidity. The water turbidity in the Tamalate canal is also
influenced by agricultural activities near the canal, as runoff directly enters the water body,
causing turbidity. Even slight turbidity can result in darker water (Prayoga, 2021).

The BOD value at station III is approximately 57.05 mg/L, indicating a decline in water
quality due to pollution, as higher BOD levels reflect greater organic matter and pollution.
As stated by Hindriani (2013), an increase in BOD indicates a decrease in water quality. The
accumulation of BOD from polluting sources puts a burden on the canal’s ability to recover.
The COD concentration, which was recorded at 119.5 mg/L, represents a higher pollution
load compared to BOD, highlighting activities that increase COD levels, such as detergent
residue disposal, laundry water discharge, food waste disposal, and garbage dumping into
the canal. According to Afwa et al. (2021), domestic waste directly discharged into water
bodies results in decreased water quality. This is consistent with Setyowati’s (2016)
statement that high BOD and COD pollution levels stem from wastewater containing organic
matter from settlements and agriculture. The findings suggest that the water quality of the
Tamalate canal has decreased from upstream to downstream, primarily due to the presence
of organic matter, and is classified as mildly polluted. The proximity of rice fields and the
disposal of household waste in the area have contributed organic material, impacting water
quality.

At station I, the cadmium level was found to be 0, indicating that cadmium pollution
is virtually absent, similar to the levels at stations I and II. At station III, mercury levels were
recorded as 0 mg/L, which is below the quality standard for river water, with a minimum
limit of 0.002 mg/L. This suggests that mercury pollution at station IIl is not present or does
not meet the quality standards. It is suspected that mercury contamination in the
downstream part of the canal results from mercury carried by sediments from upstream
areas, which accumulate in the estuary. Bernadus & Rorong (2021) state that mercury binds
chemically to sediment particles, which are moved through water from rice fields to water
bodies, and during the sedimentation process, mercury-bound particles are deposited along
the canal flow. From the study, it is evident that the rice fields near the Tamalate canal,
combined with fertilizer and pesticide use containing mercury, are major contributors to
pollution in the canal waters.

Judging from the results of the study, the Hg levels have varying concentrations at each
station. The results of Hg concentrations at station [ ranged from 0.0038 mg/L, at station Il
0.00185 mg/L, and at station III 0 mg/L, which illustrates that the Hg concentration at
station I has exceeded the quality standard, the Hg concentration at station II is still within
the average quality standard, and the Hg concentration at station III is below the quality
standard and even considered absent. The further downstream the canal, the Hg
concentration value decreases or even becomes absent, as explained by Hindratmo et al.
(2019). This is because heavy metals entering the canal water environment undergo
precipitation, dilution, and dispersion. Nasution (2024) stated that heavy metals have
properties that easily bind and settle to the bottom of the water, merging with sediments.
Therefore, heavy metal levels in sediments are higher than in water. Heavy metal
precipitation in water occurs due to the presence of carbonate, hydroxyl, and chloride
anions.

At station III, the Fe content is 0.04 mg/L, which is still in the low category. The low Fe
metal content is thought to be due to dynamic water movement, influenced by several
factors such as currents, which cause continuous dilution (Murraya et al., 2018). Similarly,
Endrawati (2015); Syukriah et al. (2024) stated that high Fe content in water is caused by
various factors, one of which is the many activities that dispose of waste into water bodies.
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This heavy metal is carried by water currents and later heads toward the estuary.
Additionally, the swift flow of the current also dilutes the polluting material, causing the
level of water pollution to be very low, while the increase in Fe heavy metal content in water
is caused by activities such as domestic waste disposal, including detergents and
agricultural waste, as well as the influence of tides and river currents that distribute heavy
metals downstream. This is evidenced by the environmental conditions at station III, which
is far from or not adjacent to rice fields and residential areas, meaning the Fe levels obtained
are likely from upstream contamination, carried by the current downstream of the canal
(Firmansyaf et al.,, 2013).

Iron has many positive impacts if its levels do not exceed the predetermined threshold,
but if iron levels in water exceed the threshold, the iron compound becomes toxic and
causes damage due to free radicals. One factor contributing to high iron (Fe) content is
bedrock weathering (Sudarningsih, 2021; Syuzita et al., 2022). The research data at station
[1I shows that the heavy metal content of Fe in Tamalate canal water is still relatively low,
so the water quality of the Tamalate canal from Fe contamination is still relatively good.

4. Conclusions

The water quality of the Tamalate canal showed variations in conditions measured at
the three research stations, as observed from heavy metal contamination. The analysis of
chemical parameters in the form of heavy metal content (Cd, Hg, and Fe) indicates that the
water quality of the Tamalate canal is declining, with the concentration of pollution
strengthening the assumption that heavy metals entering the aquatic environment will
undergo precipitation, dilution, and dispersion, then be absorbed by organisms living in the
Tamalate canal waters. This is supported by the values of BOD and COD concentrations,
which have already exceeded the minimum limit set in PP No. 22 of 2021, class III. Cd heavy
metal pollution in the Tamalate canal has a concentration value of 0 mg/L at all three
observation stations.
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