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Abstract

:

This study is a pioneering attempt to count microplastics (MPs) in the Yenisei River system to clarify the role of Siberian Rivers in the transport of MPs to the Arctic Ocean. The average MPs content in the surface water of the Yenisei large tributary, the Nizhnyaya Tunguska River, varied from 1.20 ± 0.70 to 4.53 ± 2.04 items/m3, tending to increase along the watercourse (p < 0.05). Concentrations of MPs in bottom sediments of the two rivers were 235 ± 83.0 to 543 ± 94.1 with no tendency of downstream increasing. Linear association (r = 0.952) between average organic matter content and average counts of MPs in bottom sediments occurred. Presumably MPs originated from the daily activities of the in-situ population. Further spatial-temporal studies are needed to estimate the riverine MPs fluxes into the Eurasian Arctic seas.
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1. Introduction


Global research is increasingly focusing on microplastics (MPs) (plastic particles < 5 mm in diameter), both their presence as well as the source of this pollution. Environmental and health concerns regarding water pollution from MPs include the ecotoxicological effect on aquatic organisms, as well as its potential accumulation in food chains up to humans [1,2]. Such concerns arise as a result of the hazardous chemicals present in the plastics, which arise both as a result of additives during the manufacturing process to improve polymer properties, and the adsorption of toxic chemicals by MP, enabling MP to become carriers of these chemicals into ecosystems [3,4].



MPs enter into oceans and continental water bodies primarily via rivers [5,6], which deliver up to 80% of plastic detritus into these water bodies [7]. Lebreton et al. [5] estimates that 1.15–2.41 million tons of plastic flow into oceans from riverine systems across the globe every year. The north-flowing rivers of Eurasia can carry MPs to the Arctic Ocean, and these Arctic waters are susceptible to contamination. A recent study found MPs, with particle average concentration 1.14 items per cubic meter, in 7 out of 13 sites in the White Sea basin, [8]. The results of quantitative analyses of MP abundance in the surface and subsurface waters of the East Siberian, Laptev, Barents and Kara seas have been published [9]. The highest mass concentration of MPs was observed in surface waters of Atlantic origin, whilst Siberian Rivers were identified as the second most important source of pollution in the Eurasian Arctic [9]. However, the contribution of rivers of Siberia to MPs flows in the Arctic region remains uncertain.



The load and transport of MPs in the Arctic-emptying great Siberian Rivers remain grossly understudied. In this preliminary study, we quantified MPs in the surface of the Ob River in its upper and middle course [10], thereby demonstrating the capacity for MPs to flow to arctic waters via the discharge of the Ob River to the Kara Sea. The Yenisei River system has not been previously investigated for the presence and abundance of MP particles in water and bottom sediments. This study is a pioneering attempt to count MPs in the Yenisei River system. Obtaining quantitative data on the presence of plastic microparticles in the components of the aquatic environment of the remote Yenisei tributary, the Nizhnyaya Tunguska (Lower Tunguska) River, will supplement current aggregate knowledge about the distribution of pollution of global aquatic ecosystems.




2. Materials and Methods


2.1. Study Area


The Nizhnyaya Tunguska River (N. Tunguska) is the right-bank tributary of the Yenisei River, one of the largest Siberian Rivers flowing into the Kara Sea (Figure 1). At a length of 2989 km; and a basin area of 473,000 km2 the N. Tunguska is the longest Yenisei tributary and the second largest in terms of water discharge [11]. The N. Tunguska rises in the Central Siberian Plateau, east of the Angarsk Ridge, within the Irkutsk Region, flowing across the Central Siberian Plateau through the Irkutsk Region and the Krasnoyarsk Territory.



The catchment of the river is poorly populated. Relatively large settlements located on the banks of the river include Turukhansk (population 4662), Tura (5343), and Erbogachen (1965) [12]. There are no centralized wastewater treatment plants in the settlements as local population use private septic tanks. The N. Tunguska is difficult for ship navigation due to numerous rapids and shoals, although small cargo ships sail in the upper and middle course. The navigation of heavy vessels on the N. Tunguska occurs primarily during the spring flood.




2.2. Sampling


Sampling sites were located in the middle course of the N. Tunguska near Erbogachen (ER-1-ER-2), and in the mouth of the Nizhnyaya Tunguska River near Turukhansk (TU-1–TU-3) (Figure 1 and Figure S1, Table 1). Sampling of surface water and bottom sediments was conducted from the right bank in late June–mid July 2021.



We sampled surface water by Mantra trawl with a 330 µm neuston mesh net designed to capture floating particles from top 15 cm layer of river water [13]. The sampler was equipped with a flowmeter (Hydro-Bios, Altenholz, Germany) to determine the volume of water with the Manta trawl aligned with the direction of flow of the river, fixed in-situ, and remained for 15 min to collect floating plastic particles. Three individual samples of water and bottom sediments were taken at the same site. Bottom sediments were sampled near the coast (0.5–1 m from the water’s edge) using a stainless steel spoon, and stored in an aluminum foil bags. Three 1.5 kg bottom sediments samples were collected in randomly chosen locations at each sampling site. Since TU-2 and TU-3 sampling sites contained a thin layer of silty-sandy deposits atop a pebble layer, a relatively wider area collection areas was required compared to ER-1, ER-2 and TU-1 sites.



Based on the data obtained after sample processing, the arithmetic mean and standard deviation were subsequently calculated.



Collected sample water was tested for temperature, pH and oxidation-reduction potential (Eh) onsite using Hanna Instruments’ (Vöhringen, Germany) portable pH/mV/°C meter HI 8314. To estimate total organic matter content (%) in the bottom sediments the loss-on-ignition (LOI) was determined [14].




2.3. Laboratory Processing


Utilizing U.S. National Oceanic and Atmospheric Administration (NOAA) protocol, total water samples were treated by sieving and dense-liquid separation to extract MPs [15]. Organic material was digested using wet peroxide oxidation with 30% hydrogen peroxide 0.05 M Fe(II) at 70 °C, and repeated twice to remove sample organic material. Plastic and mineral particles were separated by placing the sample in a 1.20 g/mL NaCl solution in a separating funnel overnight.



For the extraction of MPs from bottom sediments, the technique proposed by Thompson et al. [16] and subsequently modified and applied in other studies [17,18] was used: (1) the total samples of bottom sediments were dried at 60–80 °C for at least 48 h to a constant weight; (2) three subsamples of air dry bottom sediments, 50 g each, were taken and placed in clean 500 mL beakers; (3) 200 mL of saturated NaCl solution (ρ = 1.20 g/mL) were added to each sample, agitated for 1 min and left for 12 h for density separation; (4) the upper phase (half of the volume) was carefully transferred to clean 500 mL serum bottles, separated for another 12 h and repeated this stage one more time; (5) a 30% H2O2 solution was added to a final concentration of 0.73% to degrade the organic matter [17] and left for 24 h to oxidize the organic matter; (6) final density separation was carried out in a separatory funnel for 12 h.



Particles extracted from water and bottom sediments samples were collected by vacuum filtration on the 0.45 μm acetate cellulose filters (Sartorius, Göttingen, Germany). Filters were kept in the dark until microscopic analysis. There were three replicates for each sampling site. MP particles were then analyzed by a visual method, according to MP physical characteristics, under a Micromed MC2 (Micromed, Saint-Petersburg, Russia) stereomicroscope equipped with a digital ToupView USB 2.0 CMO S camera and ToupView 3.7.6273 software (ToupTek, Hangzhou, China). Visual assessment of MP particles on the surface of the filter was undertaken, and the sum of MP particles detected on each filter provided a baseline for recalculating MP content in 1 m3 (taking into account the readings of the flow meter and the sampler cross-sectional area) and in 1 kg of dry weight for bottom sediments (taking into account the aliquot taken for analysis and the moisture content of the initial samples). The rules were followed to identify MP particles [19]: particles differing in color from organic residues were taken into account; having a uniform color; not having a cellular structure. It was also taken into account that synthetic fibers, in contrast to natural polymer structures, usually have the same thickness and color along their entire length, an even surface, appear transparent or translucent, and are characterized by smooth bends. In doubtful cases, an additional hot needle test was performed. Polymer analysis was not conducted, as this was a preliminary study only.




2.4. Prevention and Control of Contamination


Where possible, the materials and the implements used in the laboratory were comprised of inert materials such as stainless steel, glass, and aluminum, to minimize sample contamination with MP. Similarly, only cotton was used for laboratory cloths and field clothing. Evaluation of contamination during the sample preparation process was controlled using replicated procedural blanks of negative controls with distilled water (n = 3 for each batch of samples) [20]. We observed single microfibers on the control filters and normalized results taking into account air pollution.




2.5. Data Analysis


The concentration of MP particles was estimated by the number of items per m3 (for surface water), or per kg of dry weight (for bottom sediments). The processing of the samples and the detection of MPs from three independent samples of surface water and bottom sediments were carried out in parallel. Based on the data obtained, the arithmetic mean and standard deviation were calculated for each sampling site.



The MP particles were visually classified into four groups by shape as described by Frias and Nash [21]: (1) microfragments of irregular shape, (2) microfibers, (3) microfilms, and (4) microspheres, and into five groups by colors: (1) blue, (2) red, (3) transparent, (4) black, and (5) other colors. In each of these groups the particles were then further classified by dimension, which were measured using ToupView 3.7.6273 software instrument (ToupTek, Hangzhou, China): (1) 0.15–0.30 mm, (2) 0.30–1.00 mm, (3) 1.00–2.00 mm, (4) 2.00–3.00 mm, (5) 3.00–4.00 mm, and (6) 4.00–5.00 mm, and the percentage of the different shapes and sizes of the MPs were determined.



To compare differences in total MPs counts between sites and sampling locations, a non-parametric Mann–Whitney U test [22] was used, with results determined to be statistically significant (p ≤ 0.05). The correlation in physico-chemical parameters and MPs counts was evaluated using Pearson’s correlation coefficient [23].





3. Results


3.1. Total Counts of Microplastics and Physico-Chemical Parameters of the Surface Water and Bottom Sediments


The average concentration of MPs in the surface water of the Nizhnyaya Tunguska River in its middle course (sampling sites ER-1 and ER-2) was 1.20–2.01 particles per cubic meter (Table 2). No significant differences were found between the ER-1 (upstream of the settlement) and ER-2 (downstream) sites (Table 3a). In the lower course of the N. Tunguska (river mouth, site TU-3) the concentration of MPs in the water was higher (on average 4.53 units per cubic meter) and differed from ER-2 site at a significance level of p <0.05 (Table 2 and Table 3a). This indicates that a single settlement (in particular, Erbogachen) may not make a significant contribution to surface water pollution (in terms of the total number of particles). However, anthropogenic activity along the entire length of the N. Tunguska River makes a significant contribution to the pollution of river waters.



Total counts of MPs in the surface water of the Yenisei River before the confluence of the N. Tunguska (TU-1) and downstream of its mouth (TU-2), were at approximately the same level (2.89–3.01) and did not differ significantly (Table 2 and Table 3a).



Water of the N. Tunguska and the Yenisei Rivers at the studied locations was characterized by circumneutral to slightly alkaline pH conditions (Table 2). The water temperature in the middle course of the N. Tunguska in June 2021 reached 25.5 °C. At the mouth of the River it was much lower, at 15.1 °C in the middle of July 2021 (Table 2). As summarized by Rummel et al. [24], MP biofouling process depends on environmental factors, mainly light and temperature, with early biofilm formation on plastic debris influenced by pH and ionic strength. Given that biofouling is important in determining MP behavior in the aquatic environment, it is clear that the concentration of particles in water can be affected by physico-chemical parameters. However, this study found that the MP count did not depend on the water’s physico-chemical parameters.



The average count of MPs in bottom sediments in the middle course of the N. Tunguska (ER-1, ER-2) ranged from 235 to 543 particles per kilogram of dry weight (Table 2). Higher MP count variability in TU-2 and TU-3 bottom sediment was due to the nature of the bottom sediments and the need to collect these samples from larger areas than the other samples, as described in Section 2.2 above. Significantly, more particles were recorded upstream than downstream of the Erbogachen settlement (Table 3b), which may be explained by physico-chemical parameters of the sediments (see below). In the bottom sediments collected at the mouth of the N. Tunguska River (TU-3), an average of 489 particles per kg of dry weight was detected. The total counts of MPs in TU-3 bottom sediments did not differ significantly from those in the ER-2 (Table 3b). Therefore, it is impossible to draw conclusions about the influence of anthropogenic factors on the general level of pollution of bottom sediments of the river with MPs.



MP concentration in bottom sediments depended on the total organic matter content determined as LOI. Minimum and maximum average plastic particles content (235 and 543 items per kg) observed in sites ER-2 and ER-1 where sediments were correspondingly characterized by lowest and highest average total content of organic matter (Table 2). Pearson’s correlation (r = 0.952) indicates a strong linear association between average organic matter content and average counts of MPs in bottom sediments.




3.2. Morphology of Microplastics in the Surface Water and Bottom Sediments


Microfibers, microfragments of irregular shape, and microfilms were detected among the plastic particles extracted from the surface waters and bottom sediments of the N. Tunguska and the Yenisei rivers (Figure 2a and Figure 3a). Although the nomenclature used for taxonomy of MP shapes is not standardized, these terms are commonly used to describe MP morphology, along with “microspheres” [21]. No microspheres, including micropellets or microbeads, were found in either the surface water or bottom sediments of either river studied. The bottom sediments were obviously dominated by fibers (Figure 3a and Figure S2). In ER-1 and in ER-2 samples of bottom sediments (middle course of the N. Tunguska River) microfibers accounted for 100% of total microplastics counts; in TU-3 sample (mouth of the River) microfibers and microfragments were 94% and 6%, correspondingly (Figure 3a).



In the Yenisei sites TU-1 and TU-2, bottom sediments contained microfilms apart from fibers and fragments (8% of the total counts in both sites), which may reflect differences in sources of pollution.



The sizes of MPs particles from riverine water and bottom sediments were analyzed visually using a stereomicroscope (Figure 2b and Figure 3b). Since visual analysis has limitations on the size of the detected particles [25], only MPs larger than 0.15 were counted. In most of the studied water and bottom sediment samples, particles from 0.30 to 1.00 mm were most abundant (Figure 2b and Figure 3b). Particles of more than 3.00 mm in the longest axis were found in one of the water samples (ER-2) and in several sediment samples (ER-1, TU-2, TU-3).



Mostly transparent MPs were found in the water (up to 70% in TU-1) and in bottom sediments (up to 77% in ER-1), Figure 4. In the surface water, we found also red, black and other colored particles, blue particles were detected in TU-2 only (Figure 4a). MPs color distribution profiles differed for bottom sediments where blue particles were the second major group followed by black MPs (Figure 4b).





4. Discussion


4.1. Levels of the Microplastic Pollution in Rivers


MPs are abundant in freshwater environments, but regional variations in intensity and distribution of MP pollution occur due to population density, industrial sources, accepted wastewater treatment technologies, and waterbody characteristics [6,26,27]. Moreover, a reliable comparison of particles counts for different rivers to date has been very difficult because variable and non-standardized methods are currently used for sample collection and processing in riverine MPs quantification studies [28,29]. This study attempts to compare the total counts of MPs in the N. Tunguska and the Yenisei Rivers with published data on the world’s rivers; data on the particle content of surface water and bottom sediments of the world’s rivers, obtained using the similar methodology, mainly visual counting and sorting, were selected.



Data from 37 global freshwater locations demonstrate that continent with the highest level of freshwater MP is Asia, followed by North America, Africa, Oceania, South America, and Europe. Of all Asian countries, China has the highest level of MP pollution [27]. Comparative analysis of the particle counts in rivers shows that the content of MPs in river water can vary from <1 item/m3 [30,31,32] to >1000 items/m3 [33,34,35]. So, the N. Tunguska and the surveyed section of the Yenisei River cannot be classified as rivers heavily polluted with MPs. This is expected, given there are no large industrial centers or large settlements in the study area, and therefore no strong sources of pollution. Compared with the previously survey of sections of the Ob River system utilizing the same methodology [10], which are much more populated and with a developed industry, the average concentrations of MPs in the surface water of the N. Tunguska and the Yenisei River are 10–40 times lower.



Concomitantly, bottom sediments are considered as a long-term sink for MPs [36,37] and could serve as a more reliable criterion of plastic pollution level, although to date few studies have focused on MPs in freshwater bodies [32,38]. However, oscillations in the spread of MPs in bottom sediments along the river course arises since complete mixing and redistribution of the pollutant can occur at a considerable distance from the source, with currents, turbulence, and wind forces contributing to the accumulation of MP particles [39]. MPs distribution may depend on the morphology and sedimentation rates in the of the waterbody sections. Association of the MP counts with the total organic matter content in bottom sediments revealed in our study may also reflect higher rates of sedimentation processes in different parts of the river.



To date, there have been occasional reports of low concentrations of MPs in freshwater bottom sediments [32,40,41]. More often, the values are expressed in hundreds or thousands of particles per kg of dry sediments. The highest average MPs count revealed in the bottom sediments of the Wen-Rui Tang River, China, 32,947 ± 15,342 items kg−1 dry sediment [42]. However, this number were dominated by small particles (0.02–0.30 mm), which are rarely quantified in other studies.



It is documented that MPs pollution reaches remote areas of the planet such as remote mountain regions in Europe, and National Parks in the USA [43,44,45], with air transport reported as the main transport route for MPs. However, the patterns of the pollution in the Nizhnyaya Tunguska indicates the ingress of plastics from the shore and from fishing activities (Section 4.2). The N. Tunguska is a remote tributary of the Yenisei River, flowing through sparsely populated territory, but even minimum anthropogenic load is enough to pollute rivers with MPs. Similarly, previous studies demonstrate that MPs can contaminate waterbodies in remote areas like rivers in the Tibet Plateau, China, and Lake Hovsgol in Mongolia [46,47].




4.2. Potential Sources and Distribution of Microplastics in the Surveyed Area


MPs in freshwater environments arise from multiple sources, including synthetic fabrics and fibers, health and hygiene products, plastic waste, and raw materials from industry [37]. According to some estimates [48], the majority of MPs entering the sea from rivers occurs from particles of synthetic polymers remaining after incomplete wastewater treatment (42%), microfibers of synthetic fabrics (29%), fragments and fibers formed during the decay of plastic waste (19%), and microspheres from personal hygiene products and industrial sources (10%).



MPs sources may be characterized by specific “profiles” that reflect the origin of the pollution. For instance, levels of microspheres used in personal care and cosmetic products, along with microfibers from synthetic fabrics and fibers, are highest close to wastewater discharge points [49,50]; high concentrations of polyester fibers located near textile factories [51]; microbeads typically occur in areas located near the production of plastic goods [52]; fragments of composite thermoplastics containing reflective glass spheres may be associated with the ingress of road marking components into surface waters along with storm runoff [28]. Of course, remote locations have fewer sources of pollution, and some of them can be excluded from the list for Siberian Rivers.



Polymer composition analysis may help for the identification of MP sources. This study is a fast screening of the MP presence and abundance in the Yenisei River system and does not include analysis of the particles polymer composition due its pilot nature. Rather, this study focuses on the morphology of the MPs based on the possible pollution source given that MP shapes, sizes and colors are determined (but not limited to) by the original plastic features [53,54].



In our study, the most abundant particles in the water and sediments were those ranging in size from 0.30 to 1.00 mm. MPs in this size range are typical for the riverine MP studies, including Russian rivers [10,31]. This may be explained by using of 0.30–0.33 mm mesh nets for sampling in most of cases, which cut off the quantification of the smallest particles. In general, MPs with a particle size of less than 1.00 mm are more abundant in freshwater sediments and as particle size increased, the MP abundances show a trend of decrease [42,55].



Generally, fibers are the dominant shape for MPs in freshwater sediment worldwide [35]. MPs recovered from the surface of the N. Tunguska and the Yenisei Rivers include fibers, fragments and films. MP particles from the bottom sediments were also dominated by transparent fibers, indicating that MPS in this study might be derived from the fishing activity of the local population [56], such as that identified in the relatively clean Dalälven River that flows through a basin in Sweden with a population of less than 250,000 [57]. Since we also observed colored fibers in the water and sediments samples (Figure S2), the second possible source of fiber-shaped MPs is the direct clothing of residents and other synthetic fabrics. Intentional or accidental discarding of garbage by local residents is identified as another source of plastic waste, with plastic wastes observed on the bank of the N. Tunguska River, as well as direct plastic contamination of the small watercourses in the settlements during sampling fieldwork in this study (Figure S1(7–9)).



Therefore, potential sources of MPs in the N. Tunguska and the Yenisei Rivers may be associated with the human activities, including mismanaging of the plastic waste, use of synthetic fabrics, and intensive fishing. Previously, MPs have been identified in remote rivers, confirmed by MP in both surface water and bottom sediments on the Tibet Plateau [47] with resident and tourist activities likely the source of the MPs.





5. Conclusions


In this study, we documented the presence of MPs in the surface waters and bottom sediments of the remote Yenisei tributary–the Nizhnyaya Tunguska River, and in adjacent section of the Yenisei River. The average MPs content in the surface water varied from 1.20 ± 0.70 to 4.53 ± 2.04 items/m3 and tend to rise in the N. Tunguska watercourse (p < 0.05). Concentrations of MPs in bottom sediments of the two rivers reached 543 ± 94.1; no tendency of downstream increasing observed. Linear association (r = 0.952) between average organic matter content and average counts of MPs in bottom sediments reflected differences in sedimentation rates in different parts of the river system. Probable sources of MPs in the N. Tunguska and the Yenisei Rivers include mismanaging plastic waste in settled areas, using of synthetic fabrics, and intensive fishing activity of the local population.



The results of this preliminary study confirm the potential role of the Yenisei River in the transport of MPs to the Kara Sea. However, future intensive research on riverine MP abundance and transport are needed to fill the gap in the study of the pollution in the Siberian and Arctic regions. Spatial-temporal studies to determine the average concentrations of MPs in the Siberian Rivers over a certain representative time along, with further analysis of the polymer composition will help estimation the total particle influx into the Arctic seas.
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Figure 1. Siberian Rivers and sampling locations on the Nizhnyaya Tunguska and Yenisei (shown by red circles). Map source: Wiertz S., 2020, College of DuPage, from https://cod.pressbooks.pub/ (accessed on 15 October 2021), under a CC Attribution 4.0 International License. 
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Figure 2. MP shape composition (%) (a) and sizes (b) in the surface water for each sampling site. 
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Figure 3. MP shape composition (%) (a) and sizes (b) in bottom sediments for each sampling site. 
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Figure 4. Percent composition of MP colors in the surface water (a) and bottom sediments (b) for each sampling site. 
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Table 1. Location of the sampling sites.






Table 1. Location of the sampling sites.





	Sampling Sites
	ER-1
	ER-2
	TU-1
	TU-2
	TU-3





	River and location
	N. Tunguska, upstream Erbogachen settelment
	N. Tunguska, downstream Erbogachen settelment
	Yenisei, upstream the confluence of the N. Tunhuska
	Yenisei, downstream the confluence of the N. Tunhuska
	N. Tunguska, upstream Turukhansk settelment



	Geographical coordinates
	61°16′02.0″ N

107°59′43.3″ E
	61°17′00.1″ N

108°00′45.1″ E
	65°43′25.9″ N

88°04′18.8″ E
	65°47′22.3″ N

87°53′46.0″ E
	65°48′00.9″ N

88°01′35.7″ E
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Table 2. Abundance of MPs and physico-chemical characteristics of the water and bottom sediments.
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	ER-1
	ER-2
	TU-1
	TU-2
	TU-3





	MPs in water 1, items/m3
	2.01 ± 0.52
	1.20 ± 0.70
	3.01 ± 0.91
	2.89 ± 0.51
	4.53 ± 2.04



	MPs in sediments 1, items/kg
	543 ± 94.1
	235 ± 83.0
	353 ± 47.0
	353 ± 237
	489 ± 367



	T, °C
	23.8
	25.5
	17.7
	16.8
	15.1



	pH
	7.93
	7.87
	7.96
	7.65
	7.55



	Eh, mV
	+167
	+186
	+171
	+176
	+164



	LOI in sediments 1, %
	3.43 ± 1.84
	0.62 ± 0.10
	1.59 ± 0.31
	1.81 ± 0.36
	2.19 ± 0.89







Note: 1 Arithmetic mean ± standard deviation.
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Table 3. Differences in MP concentrations in riverine water and bottom sediments between sites.
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	Water (a)
	ER-1
	ER-2
	TU-1
	TU-2
	TU-3



	ER-1
	
	–
	–
	0.05
	–



	ER-2
	–
	
	0.05
	0.05
	0.05



	TU-1
	–
	0.05
	
	–
	–



	TU-2
	0.05
	0.05
	–
	
	–



	TU-3
	–
	0.05
	–
	–
	



	Sediments (b)
	ER-1
	ER-2
	TU-1
	TU-2
	TU-3



	ER-1
	
	0.05
	0.05
	–
	–



	ER-2
	0.05
	
	–
	–
	–



	TU-1
	0.05
	–
	
	–
	–



	TU-2
	–
	–
	–
	
	–



	TU-3
	–
	–
	–
	–
	







Note: 0.05: Significant difference (p < 0.05); –: no significant difference.
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