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Abstract. Microplastic pollution is a significant threat to aquatic ecosystems and human health, particularly in Indonesia, a 

major contributor to plastic waste. This study investigated the presence and characteristics of microplastics in three commonly 

consumed fish species from Tondano Lake, North Sulawesi: mujair (Oreochromis mossambicus), payangka baru (Oxyeleotris 

marmorata), and payangka lama (Ophiocara poropechala). Analysis of gills and gastrointestinal tracts (GIT) from 11 fish 

samples revealed microplastic contamination in all species. Mujair exhibited the highest microplastic abundance, 

predominantly fragments in both gills and GIT. Payangka baru showed more fibers in the GIT and fragments in the gills, 

while payangka lama had more fibers in the GIT and fragments in the gills. A positive correlation was observed between fish 

body weight and microplastic accumulation in the GIT, but not the gills. The findings confirm microplastic contamination in 

Tondano Lake fish, highlighting the need for stricter waste management and further research on human health implications. 
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I. INTRODUCTION 

Microplastics, defined as plastic particles smaller than 5 

mm in its largest dimension [1], have emerged as a 

significant pollutant threatening aquatic ecosystems and 

human health through food chains [2]. These can be 

categorized based on their physical shapes (namely fibers, 

foams, fragments, beads, or films) and chemical 

composition based on their polymer type and additive 

chemicals [3]. Based on their origins, microplastics are 

classified into primary and secondary types. Primary 

microplastics originate from products like cleansers and 

industrial pellets, while secondary microplastics result 

from the breakdown of larger plastic debris [4]. Secondary 

microplastics, in particular, are closely linked to human 

activities, as they often arise from improper waste disposal 

and high population density [5]. This connection 

underscores the urgency of studying microplastic 

contamination in water bodies near densely populated 

areas, such as Tondano Lake in North Sulawesi, Indonesia. 

Indonesia, as the world’s second-largest producer of 

plastic waste [6], faces a growing microplastic crisis. 

Recent studies have identified Indonesia and Malaysia as 

having the highest rates of microplastic ingestion globally 

[7]. In human, biomass accummulation can occur due to 

the consumption of seafood contaminated with 

microplastics [8]. Research by Yona et al. (2020) [9] 

confirmed microplastic contamination in fish from 

Indonesia’s outer islands, suggesting that water sources 

near human habitation are even more vulnerable. Despite 

this, studies on microplastic contamination in Indonesian 

freshwater systems remain limited and unevenly 

distributed. While some lakes and coastal areas have been 

repeatedly investigated, others, including Tondano Lake, 

have received little to no attention [10, 11]. Systematic 

research is critical to fill these gaps and provide data 

necessary for developing effective mitigation strategies 

and policies [12, 13]. 

Tondano Lake, a vital water source in North Sulawesi, 

supports extensive fishing activities and provides fish 

species such as mujair (Oreochromis mossambicus, 

tilapia), payangka lama (Ophiocara poropechala), and 

payangka baru (betutu, Oxyeleotris marmorata, marble 

goby, or payangka kodok), which are consumed daily by 

local communities and even sold to the surrounding cities 

[14]. O. mossambicus and O. poropechala have been well 

characterized previously [15, 16, 17]. O. poropechala and 

O. mossambicus were introduced to Tondano lake in 1902 

and 1951, respectively, while O. marmorata has been 

found relatively newer than the previous two [14]. Since 

2015, O. marmorata population has increased in Tondano 

lake for unclear reasons and was increasingly consumed by 

the surrounding locals [18]. 

These fishes are primarily caught using nets or cultured 

in floating quarantine nets (karamba) within the lake [19]. 

Despite their importance as a food source, no published 

research has yet assessed microplastic contamination in 

these fish or the lake itself. Given the high levels of human 
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activity around Tondano Lake and the potential for plastic 

waste to degrade into microplastics, we hypothesize that 

these fish species are already contaminated. This study 

aims to identify and quantify microplastic contamination 

in these three fish species, providing critical data to address 

this emerging environmental and public health issue. 

 

II. METHODS 

This study is a descriptive and exploratory investigation 

aimed at identifying the abundance of microplastics in fish 

samples collected from Tondano Lake. Fish samples were 

obtained directly from the proximal outlet area of the lake 

(Fig. 1) using nets operated by local fishermen. Three 

species commonly consumed by the local population were 

selected for analysis: mujair (Oreochromis mossambicus, 

n=5), payangka baru (Oxyeleotris marmorata, n=3), and 

payangka lama (Ophiocara poropechala, n=3). To 

examine the potential correlation between microplastic 

abundance and body weight, samples of varying sizes were 

included in the study. Each specimen was weighed (in 

grams) and measured for length (in centimeters). 

The gills and gastrointestinal tracts (GIT), including the 

liver and bile, were surgically dissected from each fish. 

These samples were then digested in concentrated (65%) 

nitric acid for a minimum of 72 hours in glass containers. 

Following digestion, a concentrated NaCl solution was 

used to float the microplastics (1:3 ratio), which were then 

filtered using Whatman #65 filter paper. Microplastics 

were identified and categorized as fibers, fragments, or 

films using a dissecting microscope (Leica EZ4) at 30x 

magnification.

 
Fig. 1. The sampling locations in Tondano lake (red circle).

 
III. RESULTS AND DISCUSSION 

Results 

The morphometric characteristics (body and organ 

weight- length) of the samples are described in Table 1, 

while the representative pictures of the specimens are 

displayed in Fig. 2. As expected, O. mossambicus have 

larger body size than O. porocephala and O. marmorata.  

The microplastics found in each fish species were 

categorized into fibers, fragments, and films (Fig. 3). The 

abundance of microplastics in each species is illustrated in 

Fig. 4. Among the species examined, O. mossambicus fish 

exhibited the highest microplastic abundance per sample, 

particularly in their gastrointestinal tract (GIT). The most 

prevalent type of microplastic in O. mossambicus was 

fragments, which were found in both the gills and GIT. In 

O. marmorata, fibers were the most common type in the 

GIT, while fragments dominated in the gills. Similarly, in 

O. poropechala, fibers were the most abundant in the GIT, 

and fragments were predominant in the gills. This suggests 

a positive correlation between the size/weight of the fish 

and the amount of microplastic contamination 

accumulated in their bodies, as shown in Fig. 5. Larger or 

heavier fish tend to accumulate more microplastics in their 

GIT, but not gills, highlighting the impact of body size on 

microplastic ingestion and retention. We found varying 

colors of microplastic, ranging from black, blue, red, and 

transparent, sugggesting that these microplastics are the 

resudials of the plastics being used by the societies around 

Tondano lake.  
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TABLE 1 

THE MORPHOMETRIC CHARACTERISTICS OF THE FISH SAMPLES 

Species Body weight (g) Body length (cm) GIT weight (g) Gill weight (g) 

O. mossambicus (n=5) 152.82+20.76 20.56+1.08 11.06+0.94 7.34+1.07 

O. marmorata (n=3) 40.00+12.53 15.50+1.50 1.60+0.42 1.23+0.19 

O. porocephala (n=3) 32.20+7.43 13.90+0.80 2.20+0.30 0.80+0.23 

             Data are presented as average+standard errors of mean 

 

 

 

 
Fig. 2. The specimen of O. mossambicus, O. porocephala, and O. marmorata included in this study.  

 

 

 

 
Fig. 3. The types of microplastics found as visually identifiable using Lecia EZ24: fiber, fragments, and film. 

Far right panel shows all three shapes in one panel (a: fiber; b: fragment; c: film). Scalebars are 5 mm. 
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Fig. 4. Microplastics (MP) abundance in O. mossambicus (n=5), O. marmorata (n=3), and O. poropechala (n=3) GIT and 

gills, expressed in mean particle per fish. Error bars are SEMs. 

 

 
Fig. 5. Correlation between microplastic abundance (in the GIT, gills, and combined) 

and fish body weight by Spearman’s rank test. 
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Discussions 

Hypothesis confirmation 

Our findings confirmed the initial hypothesis that the 

fishes in Tondano lake have been contaminated with 

microplastics. To our knowledge, this is the first report of 

microplastic contamination in fishes found in Tondano 

lake, which should prompt a mitigation action to prevent 

biomass accumulation in human. These findings align with 

numerous previous studies indicating that all researched 

freshwater fish in Indonesian water are exposed to 

microplastics [20]. The abundance and kind of fragments 

suggests that primary sources of contamination come from 

the degradation of plastic waste in the aquatic environment 

[21].  

Fish can ingest microplastics through several 

mechanisms, primarily via active and passive uptake. 

Active uptake occurs when fish mistake microplastics for 

food, while passive uptake happens when microplastics are 

inadvertently consumed along with their actual diet [22], 

[23]. Once ingested, microplastics can translocate 

throughout the digestive tract and gills, entering the 

circulatory system. From there, microplastics can spread to 

various organs within the fish and subsequently enter the 

food chain [24]. This aligns with our findings, where 

microplastics were detected in both the gastrointestinal 

tracts (GIT) and gills of O. mossambicus, O. poropechala, 

and O. marmorata, indicating that these fish are actively 

and passively ingesting microplastics from their 

environment. 

Microplastic contamination in fish is species-specific 

[25], [26]. Omnivorous and filter-feeding fish, including 

species like O. mossambicus tend to accumulate higher 

levels of microplastics compared to carnivorous species 

[27], [28]. Furthermore, omnivorous fish are less efficient 

at eliminating microplastics than filter-feeding fish [29]. 

Our study supports this, as O. mossambicus, an 

omnivorous species, showed the highest microplastic 

abundance, particularly in the form of fragments, while O. 

poropechala species, which are filter feeders, exhibited 

higher fiber concentrations. This suggests that feeding 

behavior plays a critical role in the type and amount of 

microplastics ingested. 

Body size also plays a significant role in microplastic 

accumulation, with larger fish generally accumulating 

more microplastics than smaller ones [30]. This is 

consistent with our observation that larger fish, such as O. 

mossambicus, had higher microplastic loads compared to 

smaller individuals. The positive correlation between fish 

weight and microplastic abundance (Fig. 4) further 

reinforces this relationship, highlighting that larger fish are 

more likely to accumulate microplastics over time. 

These findings suggest that the accumulation of 

microplastics in species like O. mossambicus, O. 

poropechala and O. marmorata makes them potential 

vectors for transferring microplastics to higher levels of the 

food chain. Given that these fish are commonly consumed 

by local communities, this raises concerns about human 

exposure to microplastics through dietary intake. 

Environmental factors, such as the concentration of 

microplastics in the water, feeding behaviors related to fish 

size, and food availability, also significantly influence the 

rate of microplastic consumption in fish populations [31]. 

The high levels of human activity around Tondano Lake 

likely contribute to the microplastic pollution, emphasizing 

the need for improved waste management and 

environmental monitoring to mitigate this issue. 

 

Study limitations and further recommendations 

In this current research, microplastic identification was 

based solely on visual methods. While this method is 

sensitive to microplastic identification, this can leave a 

room of false positive. To confirm and identify the plastic 

polymer, spectroscopy techniques such as Fourier 

transform infra-red (FTIR) or Raman would provide more 

precise polymer identification. Moreover, the sampling 

was conducted in a single period, which may not reflect 

seasonal variations. Further research using spectroscopy 

methods is needed for more accurate polymer 

identification. Since human do not consume the GIT and 

gills of these fishes, the next step of research would be to 

identify the availability of microplastics in the meat of 

these fishes. Parallel public health research about the fish 

consumption behavior among the people surrounding 

Tondano Lake is also important in approximating the 

microplastic comsumption and accumulation in human, in 

order to formulate intervention strategies.  

 

Ecological and health implications 

Consuming fish from Lake Tondano is very likely to 

introduce microplastics into the human body. The findings 

of this study, however, need to be interpreted cautiously, 

as we did not examine the microplastic contents in the fish 

meat, which people consume. Nevertheless, the presence 

of microplastics in the GIT and gills of Tondano Lake 

fishes, especially mujair (O. mossambicus), payangka 

baru (O. marmorata), and payangka lama (O. 

poropechala), underscores the risk of microplastic 

ingestion by humans who consume these fish, potentially 

leading to health concerns. To address this issue, stricter 

plastic waste management policies should be enforced 

around the lake, including regulations on waste disposal 

and the promotion of biodegradable alternatives. 

Additionally, community awareness programs and 

improved waste infrastructure, such as recycling facilities 

and regular cleanups, are essential to reduce plastic 

pollution and protect the lake's biodiversity. Further 

research and monitoring are also needed to assess the long-

term effects of microplastics and to guide effective 

mitigation strategies, ensuring the health of both the 

ecosystem and the local population. 

 

IV. CONCLUSIONS 

In conclusion, our findings highlight the vulnerability of 

Tondano Lake's fish populations to microplastic 

contamination, driven by species-specific feeding 

behaviors, body size, and environmental conditions. This 

underscores the urgent need for further research and policy 

interventions to protect both aquatic ecosystems and 

human health. 

 



Advances in Tropical Biodiversity and Environmental Sciences 9(2): 93-99, June 2025 e-ISSN:2622-0628 

DOI: 10.24843/ATBES.2025.v09.i01.p04 Available at: https://ejournal1.unud.ac.id/index.php/atbes/article/view/1178  

98 

 

93 

ACKNOWLEDGEMENT 

The authors wish to thank Mr. Ventje Moningkey and Mr. 

Michael Moningkey for their assistance in collecting the 

fish specimens, Mr. Reinold Moniung for providing 

insights from the perspective of the local community, and 

the Officers of Biology Laboratory, Universitas Negeri 

Manado.    

 

Conflict of interest statement 

The authors declare no competing interest. 

 

REFERENCES 

[1] Duis, K. dan Coors, A. 2016. Microplastics in the 

aquatic and terrestrial environment: sources (with a 

specific focus on personal care products), fate and 

effects. Environ. Sci. Eur., 28(1): 2. doi: 

10.1186/s12302-015-0069-y. 

[2] Supit, A., Tompodung, L., dan Kumaat, S. 2022. 

Mikroplastik sebagai Kontaminan Anyar dan Efek 

Toksiknya terhadap Kesehatan. J. Kesehat., 13(1): 

Art. no. 1. doi: 10.26630/jk.v13i1.2511. 

[3] Cole, M., Lindeque, P., Halsband, C., dan Galloway, 

T.S. 2011. Microplastics as contaminants in the 

marine environment: A review. Mar. Pollut. Bull., 

62(12): 2588–2597. doi: 

10.1016/j.marpolbul.2011.09.025. 

[4] Hiwari, H., Purba, N.P., Ihsan, Y.N., Yuliadi, L.P.S., 

dan Mulyani, P.G. 2019. Condition of microplastic 

garbage in sea surface water at around Kupang and 

Rote, East Nusa Tenggara Province. Pros. Semin. 

Nas. Masy. Biodiversitas Indones., 5(2): 165–171. 

doi: 10.13057/psnmbi/m050204. 

[5] Hidalgo-Ruz, V., Gutow, L., Thompson, R.C., dan 

Thiel, M. 2012. Microplastics in the marine 

environment: a review of the methods used for 

identification and quantification. Environ. Sci. 

Technol., 46(6): 3060–3075. doi: 

10.1021/es2031505. 

[6] Isfarin, N.N., Fara, M.E., Krisna, H.N., Machdani, S., 

dan Munir, M. 2024. Microplastics in Indonesian 

land and aquatic environment: From research 

activities to regulation policies. Mar. Pollut. Bull., 

206: 116813. doi: 10.1016/j.marpolbul.2024.116813. 

[7] Zhao, X. dan You, F. 2024. Microplastic Human 

Dietary Uptake from 1990 to 2018 Grew across 109 

Major Developing and Industrialized Countries but 

Can Be Halved by Plastic Debris Removal. Environ. 

Sci. Technol., 58(20): 8709–8723. doi: 

10.1021/acs.est.4c00010. 

[8] Rose, P.K., Yadav, S., Kataria, N., dan Khoo, K.S. 

2023. Microplastics and nanoplastics in the terrestrial 

food chain: Uptake, translocation, trophic transfer, 

ecotoxicology, and human health risk. TrAC Trends 

Anal. Chem., 167: 117249. 

[9] Yona, D., Maharani, M.D., Cordova, M.R., Elvania, 

Y., dan Dharmawan, I.W.E. 2020. Analisis 

mikroplastik di insang dan saluran pencernaan ikan 

karang di tiga pulau kecil dan terluar Papua, 

Indonesia: kajian awal. J. Ilmu Dan Teknol. Kelaut. 

Trop., 12(2): 495–505. 

[10] Aulia, A., Azizah, R., Sulistyorini, L., dan Rizaldi, 

M.A. 2023. Literature Review: Dampak 

Mikroplastik Terhadap Lingkungan Pesisir, Biota 

Laut dan Potensi Risiko Kesehatan. J. Kesehat. 

Lingkung. Indones., 22(3): 328–341. 

[11] Erpinda, M., Faizaturrohmah, N., dan Wulandari, S. 

2024. Analisis Dinamika Penelitian Pencemaran Air 

Sungai berdasarkan Studi Bibliometrik 10 tahun 

terakhir. J. Serambi Eng., 9(4): Art. no. 4. Tersedia 

secara online: 

https://jse.serambimekkah.id/index.php/jse/article/vi

ew/555 

[12] Sari, D.A.A., Suryanto, Sudarwanto, A.S., Nugraha, 

S., dan Utomowati, R. 2021. Reduce marine debris 

policy in Indonesia. IOP Conf. Ser. Earth Environ. 

Sci., 724(1): 012118. doi: 10.1088/1755-

1315/724/1/012118. 

[13] Vriend, P., dkk. 2021. Plastic Pollution Research in 

Indonesia: State of Science and Future Research 

Directions to Reduce Impacts. Front. Environ. Sci., 

9. doi: 10.3389/fenvs.2021.692907. 

[14] Kartamihardja, E.S., Satria, H., dan Sarnita, A.S. 

1999. Karakteristik populasi ikan di Danau Tondano, 

Sulawesi Utara. J. Penelit. Perikan. Indones., 5(1): 

7–19. 

[15] Mamangkey, J., Rogahang, F., dan Adil, E. 2019. 

Analisis struktur populasi dan tingkat kemantangan 

gonad ikan payangka (Ophieleotris aporos) di Danau 

Tondano Sulawesi Utara. Front. J. Sains Dan Teknol., 

2(3). 

[16] Susanto, M.K., Bataragoa, N.E., dan Moningkey, 

R.D. 2017. Distribusi ukuran dan pertumbuhan ikan 

payangka muda Ophieleotris aporos (Bleeker) di 

Danau Tondano. J. Ilm. Platax, 5(2): 189–197. 

[17] Tompodung, E., Worang, F.G., dan Roring, F. 2016. 

Analisis rantai pasok (supply chain) ikan mujair di 

Kecamatan Eris Kabupaten Minahasa. J. EMBA J. 

Ris. Ekon. Manaj. Bisnis Dan Akunt., 4(3). 

[18] Kambey, R.P., Mantiri, R.O., dan Lasut, M.T. 2019. 

Predatorisme dan kanibalisme ikan betutu 

(Oxyeleotris marmorata blkr.) di Danau Tondano, 

Kabupaten Minahasa, Sulawesi Utara. J. Ilm. Platax, 

7(1). 

[19] Sittadewi, E.H. 2008. Fungsi strategis Danau 

Tondano, Perubahan ekosistem dan masalah yang 

terjadi. J. Teknol. Lingkung., 9(1): 59–66. 

[20] Welden, N.A. dan Cowie, P.R. 2016. Long-term 

microplastic retention causes reduced body condition 

in the langoustine, Nephrops norvegicus. Environ. 

Pollut., 218: 895–900. 

[21] Dimassi, S.N., Hahladakis, J.N., Yahia, M.N.D., 

Ahmad, M.I., Sayadi, S., dan Al-Ghouti, M.A. 2022. 

Degradation-fragmentation of marine plastic waste 

and their environmental implications: A critical 

review. Arab. J. Chem., 15(11): 104262. 

[22] Hidayati, D., Fauziah, F., Aunurohim, A., Ashuri, N. 

M., Setiawan, E., Mulyadi, Y., Syahroni, N., 

Joesidawati, M. I., & Suwarsih, S.. 2023. 

Microplastic characteristic found in gastrointestinal 

https://jse.serambimekkah.id/index.php/jse/article/view/555
https://jse.serambimekkah.id/index.php/jse/article/view/555


Advances in Tropical Biodiversity and Environmental Sciences 9(2): 93-99, June 2025 e-ISSN:2622-0628 

DOI: 10.24843/ATBES.2025.v09.i01.p04 Available at: https://ejournal1.unud.ac.id/index.php/atbes/article/view/1178  

99 

 

93 

tract of pelagic and demersal fishes in Tuban, East 

Java. J. Mar.-Earth Sci. Technol., 4(1): 9–15. 

https://doi.org/10.12962/j27745449.v4i1.648 

[23] Aunurohim, A., Risawati, E. K., Rahmawati, E. N., 

Ashuri, N. M., Yalindua, F. Y., Ibrahim, P. S., 

Citrasari, N., Raufanda, M. S., & Prabowo, R. E.. 

2023. Abundance and Characteristics of 

Microplastics Found in The Gastrointestinal Tract of 

Commercial Marine Fish from Bitung, North 

Sulawesi, Indonesia. Squalen Bull. Mar. Fish. 

Postharvest Biotechnol., 18(1): 31–41. 

https://doi.org/10.15578/squalen.719 

[24] Rao, B.M. 2019. Microplastics in the aquatic 

environment implications for post-harvest fish 

quality. Indian J. Fish., 66(1): 1. 

[25] Xu, J. dan Li, D. 2021. Feeding behavior responses 

of a juvenile hybrid grouper, Epinephelus 

fuscoguttatus♀× E. lanceolatus♂, to microplastics. 

Environ. Pollut., 268: 115648. 

[26] Zhang, C., Wang, F., Wang, Q., Zou, J., dan Zhu, J. 

2023. Species-specific effects of microplastics on 

juvenile fishes. Front. Physiol., 14: 1256005. 

[27] Karami, A., Golieskardi, A., Ho, Y.B., Larat, V., dan 

Salamatinia, B. 2017. Microplastics in eviscerated 

flesh and excised organs of dried fish. Sci. Rep., 7(1): 

5473. 

[28] Wang, S., Zhang, C., Pan, Z., Sun, D., Zhou, A., Xie, 

S., Wang, J., & Zou, J.. 2020. Microplastics in wild 

freshwater fish of different feeding habits from 

Beijiang and Pearl River Delta regions, south China. 

Chemosphere, 258: 127345. 

https://doi.org/10.1016/j.chemosphere.2020.127345 

[29] Zhang, C., Wang, J., Zhou, A., Ye, Q., Feng, Y., 

Wang, Z., … & Zhu, W. 2021. Species-specific 

effect of microplastics on fish embryos and 

observation of toxicity kinetics in larvae. J. Hazard. 

Mater., 403: 123948. 

https://doi.org/10.1016/j.jhazmat.2020.123948 

[30] Gad, A.K. dan Midway, S.R. 2022. Relationship of 

microplastics to body size for two estuarine fishes. 

Microplastics, 1(1): 211–220. 

[31] Roch, S., Friedrich, C., dan Brinker, A. 2020. Uptake 

routes of microplastics in fishes: practical and 

theoretical approaches to test existing theories. Sci. 

Rep., 10(1): 3896. 

 

 


