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Summary
In our project, we investigated microplastics in the Kupa River. We asked our research questions: Will we find microplastics in the Kupa River during the autumn period? Will the number of microplastic particles in the tested water samples from the Kupa River differ in the center of the city of Karlovac and in the center of the city of Ozalj? What types of microplastic particles will we find in the tested samples in the Kupa River? We took water samples from the Kupa River once a month at both locations. Microscopy results showed that all tested samples contained microplastics. To determine whether there are significant differences in the number of microplastics at sampling sites in Karlovac and Ozalj, we used statistical tests that showed no significant differences in the number of microplastic particles with respect to the mean values ​​of microplastics in the center of Karlovac and the center of Ozalj. We classified microplastic particles into three groups: cellulose fibers, synthetic fibers, and plastic particles. Our results show that, out of the total number of microplastics, the most represented are fibers, of which the most is cellulose fibers (97.22%), followed by synthetic fibers (2.49%). There was a small number of plastic particles in the tested samples.

Introduction
The Kupa River is located near our school, and we have been conducting hydrological measurements according to GLOBE protocols for eighteen years. Last May, we participated in the international event Water Body Challenge with a video presentation, where we presented the river Kupa to the international community, which is of great historical importance for our local community. We shot the video on the historic Grain Boat and while driving along the Kupa River we spotted a lot of plastic on the riverbanks. Also, at the beginning of last year, in cooperation with GLOBE Italia, we started training on the research of microplastics in water. Then the students researched what microplastics are, what types of microplastics we distinguish and what its impact on the environment is.
Microplastics consists of small pieces of plastic material, usually less than 5 mm (about 0.2 in). According to the type of microplastic, there are primary and secondary microplastics. Primary microplastics are released into the environment directly from factories, during the production of plastic products. Secondary microplastics are created by shredding or degradation of larger pieces of waste plastic in the environment, abrasion of car tires, wear of marine equipment, fishing tools and the release of microfibers when washing clothes (Radovan, 2019). Plastic waste is exposed to external influences in nature: solar radiation, chemicals, wind, and similar factors, which cause fragmentation, degradation, surface modifications, changes in density and particle size. The chemical and physical properties of the comminuted particles do not change but remain the same as with the starting material. Therefore, microplastics have a long lifespan, like plastics, and the composition of microplastics is the same as with plastic waste (Radovan, 2019). Microplastics can be found in the environment in various forms such as spheres, pellets, irregular fragments, and fibers, the most common being fibers, followed by granules and films / thin coatings. Microfibers come from synthetic fabrics from which a large part of clothing is produced, and it is estimated that 1,900 synthetic microfibers are released during washing (Radovan, 2019). Microplastic particles can appear in distinct colors such as: red, white, transparent, blue, green, black, purple, yellow and brown (Radovan, 2019).
After these findings, we wanted to do research on microplastics in the Kupa River. We presented our idea to a local business company that donated the money we needed to purchase water sampling and filtration equipment. We started trial sampling and microscopic analyzes lasting three months to learn how to handle equipment and recognize microplastic particles.

Research questions and hypotheses
Encouraged by the seen situation in the environment, we asked ourselves: Will we find microplastics in the Kupa River during the autumn period? Will the number of microplastic particles in the tested water samples from the Kupa River differ in the center of the city of Karlovac and in the center of the city of Ozalj? What types of microplastic particles will we find in the tested samples in the Kupa River?
Our first assumption is that we will find microplastics in all samples taken during the autumn period in the center of Karlovac and in the center of Ozalj. Another assumption is that there will be more microplastics in the samples sampled in the center of the city of Karlovac, because the Kupa flows from Ozalj to Karlovac through a larger number of populated places. The third assumption is that we will find the most microplastic particles formed by shredding larger plastic waste and fibers entering water from household wastewater.

Research methods
In this study, we used the methods from the Microplastic Recognition Guide (Sutti et al. 2021), which is currently a test protocol developed by GLOBE Italia.
During the autumn, in the period from September to November 2021, we sampled 1000 ml of Kupa water once a month at two locations. We took water samples in the center of Karlovac at our hydrological GLOBE station and in the center of Ozalj. The town of Ozalj is located upstream from the sampling location in the town of Karlovac. The Kupa River at both sampling sites has similar hydrological characteristics in terms of river flow width and water flow velocity. In Ozalj the width of the stream is about 70 m, and in Karlovac about 60 m; the speed of water flow is slower along the coast, and faster in the middle of the river flow in both locations. According to the official data of Hrvatske vode, the average water level of the river Kupa at the station in Karlovac in the examined period is 48.52 cm. Hrvatske vode does not have official data for the water level of the Kupa in Ozalj, so we are not able to compare the water level.
We took samples at both locations on September 23rd, October 20th, and November 24th, 2021. We took two replicate samples 2 m from the shore at a depth of about 30 cm in plastic bottles of 500 ml. We took samples on the same day, first in Karlovac, and then with a time lag of two hours in Ozalj. Samples were filtered within 24 hours using a Merck-Millipore sterifile Aseptic System filter device with an Ahistrom – Munksjo filter membrane with a pore size of 0.45 µm. After filtration, the membranes were placed in sterile Petri dishes. Then looked at the samples using the Optika B150 light microscope. In the absence of a suitable micrometer, we adapted the method of approximate estimation of particle size according to the known dimensions of the width of vertical (208.41 µm) and width of horizontal (173.08 µm) partitions on the filter membrane (Picture 1).
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Picture 1. Dimensions of vertical and horizontal baffles on the filter membrane

Depending on the position of the microplastic (closer to the vertical or horizontal membrane), we estimated how many times the width of one of the membranes fits into the length of the observed particle. We classified the found microplastics into three groups: cellulose fibers, synthetic fibers, and plastic particles. During the determination, we used a key to determine the type of microplastic (Sutti et al., 2021). We calculated the mean values ​​of the number of microplastic particles in 500 ml of water sample for September, October, and November, so we summed the values ​​and divided that sum by the number of samples. We also calculated the standard deviation between replicates for the mean microplastic number values ​​for all samples. We used statistical tests to determine whether there were significant differences in the number of microplastic particles at the sampling sites in Karlovac and Ozalj. We tested the null hypothesis with statistical tests, which states that there is no difference in the number of microplastic particles in the samples sampled in the center of Karlovac and the center of Ozalj. To test the null hypothesis, we first performed an F-test comparing the deviations of the number of microplastic particles from the mean, and then we performed a t-test comparing the measured mean values ​​of the number of microplastic particles.
We calculated the total share of individual types of microplastics in the samples, so that we divided the number of particles of each type of microplastic with the total number of microplastic particles found in all samples in the study period. We additionally analyzed the proportion of dyed fibers for all samples in the examined period by dividing the total number of fibers of each dye by the total number of fibers. The fibers of distinct colors found served us as an indicator during microscopy that they are cellulose and synthetic fibers, and not biological material.

Data display and analysis
Microscopy results show that all tested samples contain microplastics. The mean value of the number of microplastic particles in the examined period in the Kupa in Karlovac ranged from 111000 - 308000 particles / 500 ml of the sample, and in Ozalj 36000 - 55000 particles / 500 ml of the sample (Figure 2). The largest number of microplastic particles, 308000 particles / 500 ml of sample, was sampled on November 24, 2021. at the station in Karlovac. The smallest number of microplastic particles (36000 particles / 500 ml) was also sampled on November 24, 2021. year, but at the station in Ozalj (Picture 2). We calculated by statistical F test that F = 179.0943> Fcritical one-tail = 5.0503, which concludes that the deviations from the mean value of the number of microplastic particles in Karlovac and Ozalj differ significantly. The T test showed that tstat = 1.8172 <tcritical two-tail = 2.5706, so we conclude that there are no significant differences in the average number of microplastic particles in the center of Karlovac and the center of Ozalj.
	
Picture 2. Mean value (± standard deviation) of the number of microplastic particles in 1 m3 of Kupa River water at the Karlovac and Ozalj stations during the autumn period of 2021.
Table 1. The of certain types of microplastic in the total number of microplastic particles found at both locations
	CELLULOSE FIBERS
	 SYNTHETIC FIBERS
	PLASTIC PARTICLES

	
97,22%

	
2,49%
	
0,29%


Our results show that of the total number of microplastics, the most represented are fibers, of which the most is cellulose fibers (97.22%), and the least was plastic particles (Table 1).
Table 2. Proportion of fibers of distinct colors among total microplastics found at both locations
	BOJA VLAKANA
	UDIO

	TRANSPARENT 
	53,9%

	BLUE
	19,3%

	DARK BLUE
	12,3%

	BLACK
	6,9%

	RED
	2,9%

	GRAY
	1,3%

	YELLOW
	1,3%

	ROSE
	0,6%

	DARK GREEN
	0,5%

	GREEN
	0,3%

	PURPLE
	0,3%

	ORANGE
	0,2%

	BLUE GREEN
	0,2%


We found the most transparent and blue fibers in our samples (Table 2). We were not able to link the color of the fibers to the origin of the microplastics because we did not have enough literature on it.

Discussion and conclusions
By analyzing our microscopy results, we notice that all samples taken during the autumn period in the center of Karlovac and in the center of Ozalj contain microplastics, which confirmed our first hypothesis.
Statistical tests showed that there is no significant difference in the average number of microplastic particles in the Kupa water in the center of Karlovac and the center of Ozalj, which did not confirm our second hypothesis. We assume that there is no significant difference in the number of microplastic particles between sites due to the short research period and the small number of replicates and the large standard deviation. 
We partially confirmed our third hypothesis because we had the most fibers and the least plastic particles in our samples. The quantity and quality of microplastics in the aqueous system depend on the sampling site and depth. For example, microplastics will be found deeper in the water column in freshwater ecosystems (Hegedušić, 2019). Due to their structure, polymers have a specific density (0.9 to 2.3 g / cm3) that is sometimes lower than the density of water (1.02 to 1.03 g / cm3), which leads to the floating of plastics and microplastics on the water surface. However, on the water surface, microplastic particles can colonize organisms (eg algae) and increase the weight of the particles, or change the density, thereby reducing buoyancy, which allows immersion of plastic particles. Water that flows at a lower speed has lower energy and plastic that is denser than its environment will precipitate. In areas of faster water flow, plastics are easier to carry and resuspend, and the exact distribution of microplastics in the water column is still unknown (Radovan, 2019).
We sampled our samples about 2 m from the shore, where the water flow is slower, so we assume that the plastic particles that have a higher density sedimented and therefore found them in smaller numbers compared to the number of fibers in our samples. We assume that our method of sampling from the water column to a depth of about 30 cm is the reason we had the highest proportion of fibers in the samples. We assume that the fibers have a lower density and are therefore located in the surface layer of the water column and their number was greater than the number of plastic particles in all our samples.
Cellulose and synthetic fibers are indicators of textile pollution. They originate from wastewater from households and the textile industry, and their share is included in total microplastic pollution (Sutti et al., 2021). Kupa springs in Gorski Kotar in the Risnjak National Park. One third of its watercourse forms the natural border with Slovenia. In its course from the source to the center of Ozalj passes through a sparsely populated area. In this part of the course along the river Kupa there are 6 major settlements in the Republic of Croatia and the town of Metlika in Slovenia. The town of Karlovac is located downstream from the town of Ozalj and Kupa, through its course from the sampling point in the center of the town of Ozalj to the center of the town of Karlovac passes through 15 larger settlements. Settlements along the Kupa River do not have a public sewerage network, but households have their own containers for receiving waste from domestic sewage or collection pits that need to be emptied frequently. People in these settlements are engaged in agriculture and often collect pits empty on their agricultural arable land for the purpose of fertilization. In this way, the fiber particles can reach the soil and be washed into the Kupa River through precipitation. We believe that this is also a possible cause of a larger number of fibers in the total number of microplastics found. Research shows that microplastics are ubiquitous and that they enter food chains through watercourses, which also affects humans. Much of the microplastic is found in inland watercourses that are carried by rivers to the sea and ocean. The possibility of microplastic intake in humans is through diet and respiration. By consuming shellfish, one person can ingest up to 11,000 microplastic particles in one year (Nerland et al., 2014).
In the literature, we have found that it is possible to collect cellulosic and synthetic fibers that come out of the washing machine before the wastewater comes out using garment bags, such as Guppyfriend, which allow detergent to pass while retaining microfibers. Another method of collecting microfibers from washing machines is to use Cora Ball, a ball modeled on coral filtration. The branched arms of the ball catch the particles and remove them from the washing cycle (Radovan, 2019).
Through our research, we have proven that microplastics are present in the Kupa River. People fish and use the Kupa River for agricultural and recreational purposes, allowing microplastics to enter the food chain. This paper aims to raise awareness of the people living along the Kupa River about the presence of microplastics in the Kupa River, to educate the local community on methods to reduce the proportion of synthetic and cellulosic microplastic fibers in water, and to raise awareness of the need for separate collection of plastic waste. could be properly recycled. To reduce the amount of microplastics in ecosystems, it would be important to reduce the use of disposable plastic products, including protective masks, the use of which increased significantly during the COVID-19 pandemic.
In our research work, the lack of a small number of analyzed samples and a brief period of research. A larger number of samples and a longer research period would contribute to the greater accuracy of the number and type of microplastic particles in the Kupa River. Frequent absences of students caused by the epidemiological situation in the past year also affected the sampling method, so we were not able to always take the same students' water samples for microscopy, which could affect the results obtained.
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