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Abstract

:

Waste tires from traffic are a well-known environmental problem today. For this reason, the toxicity and potential biodegradation of crushed tires were tested in a respiration test with microorganisms. A non-specific soil microbial community was used. Two experimental designs and their effect on the results were compared—a test with the eluate from tires and a contact test, i.e., the solution containing tire particles during the test. The consumption of dissolved oxygen was measured in the assay over 28 days. The values obtained indicated zero biodegradation of all samples, but the toxicity of the eluates to microorganisms was different depending on whether the microorganisms were exposed only to the leachate or whether tire shred particles were still present in the leachate. In the presence of particles in solutions, the toxicity of the samples for microorganisms was higher. Additionally, the MTT (methyl tetrazolium test) viability assay was performed. The results indicated a 28% inhibition of the viability of microorganisms in samples with tire particles in comparison with eluate, where 9% inhibition was observed. The results confirmed that the contact assay (with the presence of particles) is a more natural and thorough method than the use of leachate.
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1. Introduction


Waste tires (passenger and bus, freight transport) from transport have started to be used as a secondary raw material in recent years. They are used, for example, for the production of children’s playgrounds and in the clay of sports grounds [1], or as additional material for building materials [2,3,4,5,6]. Their usability is variable in concrete, soundproof walls and insulation. The greatest amount of re-use of these materials started in the last ten years.



Unfortunately, this is not a material that is flawless from an ecological point of view. Various volatile organic compounds such as polyaromatic hydrocarbons and their heterocyclic derivatives or amines may be released from these materials into the air. On the other hand, some other pollutants, including metals, are not volatile and are not able to (bio)degrade. Therefore, they remain in waste tires for the entire duration of their processing and use in new materials. Their presence in these materials thus continues to be an environmental burden. The organisms that occur in the soil and terrestrial environment are mainly microorganisms [7,8,9,10,11,12,13,14,15,16]. Metals can be a source of nutrients and toxic elements for microorganisms. The origin and fate during the life cycle of tires may be responsible for their different environmental burdens.



Their ecotoxicity was confirmed in several recent studies. A toxic effect was found for water crustacean, freshwater algae, duckweeds, and also soil earthworms and plants [17,18,19,20,21,22,23]. This is likely due to the effect of polycyclic aromatic hydrocarbons (PAHs) or zinc cations, which are most prevalent in waste tires. Most studies were therefore focused only on these polyaromatic hydrocarbons or zinc, as is described in detail in a review by Malik et al. [24]. However, tire rubber is always a mix of variable organic or inorganic compounds (not only PAHs or Zn) [3]. The toxicity of such a matrix (rubber) can be different from the toxicity of individual metals or groups of organic substances (PAHs). However, the problem for the environment consists not only of the presence of heavy metals and organic pollutants that can be leached out by water, but also in the rubber crumb itself. Tires are plastics of artificial origin and they are persistent organic materials. Logically, their chemical or biological degradation is difficult and they decompose very poorly in nature. Generally, it has been proven that plastic products and rubber can remain in nature for tens or hundreds of years [25]. Their chemical degradation is very slow and we do not know much about their fate within the environment. Only isolated experiments have been described for individual species of microorganisms, such as certain soil bacteria, and their applicability in the degradation of polyaromatic hydrocarbons, not rubber as such (e.g., [26,27,28,29,30]).



The question, therefore, remains whether there could be a lack of improvement in this area due to microorganisms that can decompose rubber and potentially releasable pollutants and use them as a source of nutrients. Unfortunately, such studies describing the ability of the naturally-occurring microbial community to degrade pollutants from waste rubber particles have not yet been carried out. The most important aspect is the survival of microorganisms after exposure to rubber particles. This aspect can be studied using certain methodologies, including a respiration test [31] that is suitable for microbial sludge from sewage treatment plants or for non-specific microbial communities of soils and other solid samples. The principle of this method is to compare the consumption of dissolved oxygen by microorganisms over time. If it decreases during the test, it means that the organisms are alive and profiting. If the oxygen value is the same or decreases in different time periods, it means that the organisms are dead or that anaerobic processes are taking place [31].



The viability of microorganisms exposed to waste tires has never been studied. Such additional methods are necessary for the proper evaluation of microorganismal fitness and their ability to fulfil the decomposition function [32,33,34,35,36]. This method is based on the metabolization of a certain substrate (e.g., (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide or (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium chloride) into the final product formazan. The formed formazan occurs in the sample in a form of blue crystals that can be extracted using certain organic solvents such as methanol, ethanol or acetone [37,38]. The intensity of the blue coloration then indicates the intensity of cell survival, as only living cells are able to produce formazan. The MTT assay has been used many times for verification of the viability of prokaryotic and eukaryotic cells in toxicological, ecotoxicological and microbiological studies (e.g., [39,40,41,42,43,44,45]).



A separate type of ecotoxicological study is the design of toxicological biotests. For solid samples, the leachate is always tested without the presence of the original sample of the tested material with microorganisms (e.g., [46,47,48,49,50]). However, this unrealistic experimental design may affect the toxicity level, which deviates from the natural conditions.



For this reason, the toxicity and potential biodegradation of crushed tires to a non-specific soil microbial community were evaluated via respiration and MTT viability assays in the present study. Two designs were compared: (1) pure leachates without the presence of crumb particles and (2) suspensions containing particles during the experiment. Microbial inoculum was deployed into the eluates and the dissolved oxygen and microorganismal viability of the aquatic samples were measured.




2. Materials and Methods


A mix of waste tires from personal transports was used as the tested material. The rubber parts of the tires were crushed to less than 10 mm particles mechanically using a knife mill and kept in a closed plastic sample container under laboratory conditions prior to testing (temperature (20 ± 2) °C, normal pressure, in the dark, 2 months). Microbial inoculum was cultured from agricultural land referred to as loamy sand LUFA 2.2 soil (Speyer Ltd., Speyer, Germany).



A mass of 100 g of rubber particles was used to prepare 1 L of leachates. Distilled water from the workplace of the authors was used for the preparation of the leachates. The distilled water was aerated 24 h before use to prepare the extract. The prepared mixtures were stirred for 24 h on a head-to-heel shaker Reax 20/4. After 24 h, the extracts were filtered through a paper filter (Whatman, Dassel, Germany, grade 6).



A 100 mL volume of the eluate was spilled into a test glass vessel and 1 mL of unspecific microbial soil community as an aquatic solution was added. Nutrients for microorganisms (1 mL of 1% glucose solution in water) were also pipetted into the tested solutions. The tested samples and controls (1. the eluate samples without microorganisms and nutrients and 2. distilled water with microorganisms and nutrients) were prepared. Three replicates were prepared for the eluates and controls. The experiment lasted 28 days. The dissolved oxygen was measured using an oximeter GOX 20 at the start of the test and on the 7th, 14th, 21st and 28th days of the experiment. The test vessels were covered with their lids and stored in a thermostat (20 ± 2 °C in the dark) (see Figure 1).



Continual leaching of the present particles was performed in a second type of experiment. A 10 g sample of rubber particles was used to prepare 0.1 L of test mixture for one test vessel. The test vessels were stirred for 24 h. After 24 h, the particles were left in the test vessels. A 1 mL volume of a nonspecific microbial soil community as an aquatic solution was added. Nutrients for the microorganisms (1 mL of 1% glucose solution in water) were also pipetted into the tested suspensions. The tested samples and controls (1. the eluate samples without microorganisms and nutrients and 2. distilled water with microorganisms and nutrients) were prepared. Three replicates were prepared for the eluates and controls (see Figure 1). The experiment lasted 28 days. The dissolved oxygen was measured using an oximeter GOX 20 at the start of the test and on the 7th, 14th, 21st and 28th days of the experiment. The tested vessels were covered with their lids and stored in a thermostat (20 ± 2 °C in the dark).



Viability MTT Assay


The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) viability assay was performed according to the tested procedures and was modified see Figure 2 for the purposes of this study [37]. A 0.5 mL volume of unspecified soil microorganisms (the same microorganisms used in the respiration test) + 0.15 mL of phosphate buffer + 0.25 mL of sample (eluate) or buffer (control) were mixed in one glass tube. For the suspension, 100 mg of waste tire particles was added to the mixture. Triplicates were performed for the control, eluate and suspension. The samples were incubated in the thermostat (20 ± 2 °C) in the dark for 168 h. 3-[4,5-dimethylthiazol-2-yl]-2,5-difenyltetrazolium bromide (TTB) was added as a substrate (0.1 mL/tube) and the samples were incubated for next hour in the dark. A 7 mL volume of ethanol was then added into each tube. The blue product formazan from the microorganisms was extracted for the next 24 h. The formazan is a product of microorganismal metabolism. Dead microorganisms are not able to produce it and its production is thus an indicator of microorganismal fitness and viability. The levels of formazan were indirectly measured spectrophotometrically at 485 nm. The recommended duration for measurement is 1 h for cultivation of microorganisms at 37 °C. In this experiment, the temperature that was set for the entire experiment, i.e., 25 °C, was used. The formazan was incubated on Tuesdays for 24 h, as it was necessary for sufficient mixing of all suspension components. Some organisms can also live on the surface of the particles, and it would not be possible to achieve the maximum effect and yield of formazan with rapid incubation for 1 h. The incubation times of the formazan with the sample (24 h) were chosen based on previous measurements and experience with this test and solid samples of some natural soils and various building materials (unpublished, own preliminary data).



The microbial data were evaluated using MS Excel. The oxygen loss (consumption by microorganisms or chemical degradation) during the time period (0 days versus 28 day) was calculated according to Formula (1):


  L − o x y g e n   %   =     T 0 − T a     T 0   ∗ 100  



(1)




where L—oxygen = oxygen loss in (%), T0 = oxygen level in time 0 and Ta = oxygen level in subsequent time.



The toxicity of the waste tire eluate was calculated according to Formula (2):


  T ( % ) =   ( m e a n C ( t i m e A ) − m e a n S ( t i m e A ) )   m e a n C ( t i m e A )   ∗ 100  



(2)




where T (%) = toxicity (in%s), mean C(time A) = mean L—oxygen value of control in time A, and mean S(time A) = mean value of the tire sample (the eluate or the suspension) in time A.



The inhibition of toxicity (in%s) was calculated according to Formula (3):


  R − T ( % ) =   T c o n t r o l   T A   − T s a m p l e ( T A )   T c o n t r o l ( T A )   ∗ 100  



(3)




where R − T = rate of toxicity (%), T control (TA) = toxicity value of the control in the time A and T sample (TA) = toxicity value of the sample in the time A.



The oxygen values were evaluated using the one-way analysis of variance (ANOVA) with the GraphPad InStat software (InStat version 3, San Diego, CA, USA). The multiple-comparison Tukey–Kramer test was performed at a 0.05 significance level.





3. Results and Discussion


The authors referred to the levels of heavy metals in the tested tire eluates in one of the previous studies [20]. The concentration of metal leakage from rubber crumbs into water was determined using an inductively coupled plasma optical emission spectrometer Agilent 5110 SVDV device ICP-OES (Agilent technologies, Santa Clara, CA, USA), equipped with a SeaSpray glass concentric nebulizer. The eluate contained a barium (Ba) concentration of 0.021 mg/L and a zinc (Zn) concentration of 0.273 mg/L. The other commonly determined elements (Mn, B, Si, P, Cu, Pb) were under the detection limit [20]. On the other hand, the chemical analysis also confirmed the higher levels of pollutants in solutions more than 1–25 times when the tire particles were in the test solutions for 28 days [51]. The levels of boron, iron and silicon were also under the limit of quantification after 24 h. The barium level was 0.053 mg/L, the manganese level 0.031 mg/L and the zinc concentration 5.670 mg/L [51].



PAHs were detected in units of mg/kg. Only pyrene levels were around 30 mg/kg in the tire particles [20]. However, PAHs are generally volatile compounds and if we prepared the eluate and performed the microbial tests, these substances could enter the air above the leachate or suspension level with the microorganisms in the test vessels. Therefore, it can be assumed that during the test these substances did not have as large of an effect on the obtained toxicity results in the respiration test over 28 days. This means only the metals present could probably serve as a source of toxicity in addition to sugar as food, as they are not able to evaporate in the aquatic or soil environment.



On the other hand, PAHs together with metals may have affected the toxicity and cell survival in the viability assay. It has been proven many times that both inorganic and organic pollutants have an effect on the cellular level and cause damage to membranes, oxidative stress or damage to genetic information [52,53,54,55].



It should be emphasized that no similar study has been published to date. Therefore, it is not possible to compare our data with the values and conclusions of other studies on the same topic.



The results of the biodegradation and toxicological respiration test indicate that significant effects were found (see Table 1 and Figure 3). The oxygen loss in the tire eluates without microorganisms showed the same values during the duration of the experiment—these results are expressed in Table 1, part “D”. This indicates that oxygen was not chemically degraded, and the chemical composition of the sample was constant. On the other hand, samples of the eluate containing microorganisms showed decreasing levels of oxygen during the time period. This was caused by microorganisms and their metabolic processes (Table 1, part “B”). The same results were found for control samples with microorganisms but without the tested eluate (Table 1, part “A”). The consumption of oxygen between the control and the eluate sampled did not differ in the case of the eluates, contrary to the suspension of particles (cf. Table 1, parts “B and C”). The lower oxygen consumption indicates that microorganisms were less abundant in the presence of tire particles or that their metabolism was lower in comparison to the control and microorganisms in the clear eluates (cf. Table 1, parts “A, B and C”). The continual involvement of heavy metals and organic pollutants can lead to such conclusions. The toxicity of samples with the prolonged presence of tire particles was confirmed during the course of the experiment (Figure 3 and Figure 4). The biodegradation potential was not recorded because the oxygen values were similar or less for both tire samples in comparison to the control (Figure 4). The statistical analysis confirmed statistically significant differences in the oxygen values between only some of the individual times at a 0.05 significance level. The differences were found between the following pairs: control (Time 0) versus eluate (Time 0 and 28 days), control (Time 7 days) versus eluate (Time 0) at a 0.05 significance level (*) (see Table 2).



The results of the MTT assay confirmed the results of the test with dissolved oxygen. The viability of the microorganisms from suspensions (aquatic solution + own particles) was decreased about 28% in comparison to the control. On the other hand, the viability of the microorganisms in the pure eluates was decreased only about 9% in comparison to the control (see Table 3). The toxicity for microorganisms was thereby confirmed by the second independent assay. The viability test seems to be more sensitive than the respiration inhibition test because the observed toxicity of the eluates was higher in the viability test (compare Figure 2 and Table 3). We can note that the toxicity in the viability tests can be described as an acute toxic effect, at variance with the respiration test, where the chronic effect was observed after 28 days of exposure. It is also a destructive method and it is not possible to monitor the same microbial community during the different times. The respiration test is also a representative of the multi-generation microorganismal method and it is evident (Figure 2) that the microorganismal biomass was reduced over the time period, probably due to gradually released metals from the tire particles.



The other question is the usability of own tire particles or elements involving them as a source of nutrients for microorganisms. Generally, in order for microorganisms to live, they require mainly basic nutrients such as carbon, oxygen, sulfur, phosphorus, nitrogen and many microelements. The tire samples tested in the present study contained all of the basic elements. The particles contained about 50% carbon, followed by sulfur (10%), oxygen (26%), zinc (3%), and silicon (2%) [51]. Special attention should be focused on zinc, which is one of the essential elements. Adversely, it is used today in nanoform as an antimicrobial agent in many applications [17,56]. A question worth considering is how much zinc influences the microbial biomass fluctuation during the time period. For this reason, we can assume that its toxicity could be caused mainly by the presence of a relatively high concentration of zinc.



No similar studies have been reported yet and for this reason we cannot compare our data to other literature sources. Some studies only describe the ability of individual bacterial strains to resist PAH toxicity or the ability to gradually biodegrade individual PAHs [17,56,57]. The conclusions of these studies are different, but they are very difficult to put into practice, because in nature there are different microbial communities, not individual species or strains of bacteria. The species diversity of such communities varies over time and within a single locality due to changes in climatic conditions [17,56,57].



The main unique aspect of this study consists of the methodology of the tests. The particles from the tires were analyzed using two types of tests that were not applied simultaneously in the same study to date. The comparison of their results in terms of convenience, applicability and relevance of the obtained data thus led to quite new findings.



A partial unique aspect of the present study is the research and confirmation effect of the design of the experiment on the observed results. If we used only the classical method with leaching, we would not learn about the increased toxicity of the sample for microorganisms during the prolonged presence of particles in water. This method is in any case more ecologically relevant and should be used simultaneously with the leaching or even preferred (if it is possible and the particles do not threaten the model organisms mechanically or do not shade, and thus disrupt photosynthetic processes and the other metabolic actions).



Another other partial unique aspect is the comparison of the acute MTT viability test with the long-lasting respiration test, where the inhibition of respiration was measured in one study. It was evident that the MTT test was more sensitive than the respiration test and this method could, therefore, be more dependent. One of its advantages is also its short duration for estimation and high reliability. On the other hand, it is also a more expensive assay than the respiration test and if used, it will be destructive for the measured microbial cells, which can then not be reused for further measurements. One advantage of the respiration test is its long duration during which the organisms have the opportunity to compensate for some difficulties caused by the stress from the presence of pollutants, which leads to a greater similarity to events that occur spontaneously in nature.



The testing of waste materials, including waste rubber granulates, creates new difficulties and various questions in the subsequent research of such materials for further and repeated use. In every case, reusing such materials should be a better option than putting them in a landfill or burning them, which will create a number of other human and ecological risks due to the fact that a number of other dangerous substances are released.




4. Conclusions


	
Waste tires from transport were tested in biodegradation and toxicological experiments with a nonspecific soil microbial community in the present study. The results showed various toxicities but no biodegradation of the waste tires during 28 days of exposure.



	
Higher toxicity was found during the respiration inhibition test as well as for the viability assay in the case of suspensions with tire particles than for pure eluates. Such results raise the question of whether such an experimental design should always be used when tests are performed using solid sample leachates, or if both variants should be used together in one experimental design for a more ecologically relevant and realistic comparison.



	
The viability tests represented an acute toxic effect and the respiration inhibition test a chronic effect. However, we compared the results from the period of 168 h, and we found that the microorganisms were more sensitive in the short viability test than in the chronic test during the course of 168 h. A similar comparison has never been studied in ecotoxicological papers and as such we are not able to review and discuss these types of results.



	
The non-degradability of compounds in the waste eluates indicated that the leachates from waste tires were not subject to degradation. These results were also strongly influenced by a short-term experiment (a duration of only 28 days). Unfortunately, this confirmed the problematic removal of waste tires, which do not undergo environmental degradation. Therefore, the negative ecotoxicological results on soil and aquatic organisms, together with the large leaching of heavy metals or organic pollutants and limited biodegradation, lead to the conclusion that waste tire particles are not a harmless material and their possible use and processing with various techniques needs to be further investigated.



	
Other microorganismal or sub-cellular assays should be used for the assessment of toxicity and biodegradability of rubber tires in the future. Another possibility is the use of multi-generation or multi-species tests or in microcosms or mesocosms in aquatic or terrestrial environments. Different species or types of microorganisms should be used as model organisms—mainly yeasts, bacteria, green or blue algae, molds, fungi and their mixtures.



	
The practical significance of the conducted research lies in the knowledge that both types of methodologies (eluates + suspension of solid tested particles) are supposed to be used simultaneously. This finding should be reflected in the methodologies used for legislative purposes in the determination of ecotoxicity for microbial communities.
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Figure 1. Scheme of experimental designs (respiration test)—preparation of samples. 
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Figure 2. Scheme of experimental designs (MTT viability assay)—preparation of samples. 
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Figure 3. Toxicity of the samples in comparison to the controls during 28 days of the experiment—day 0, 7, 14, 21 and 28 (the data were calculated according to Formula (2)). 
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Figure 4. Rate of toxicity (%) during 7, 14, 21 and 28 days of exposure (the data were calculated according to Formula (3)). 
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Table 1. Measured values of O2 (mg/L) and their mean + standard deviations (SDs) of the controls and of the tested samples with microbial inoculum and without microbial inoculum.
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Sample (No. of Repetition)

	
0 Time

	
7th Day

	
14th Day

	
21st Day

	
28th Day






	
(A) The control medium with microorganisms




	
Control (1) + inoculum

	
5.5

	
5.3

	
4.6

	
3.9

	
3.7




	
Control (2) + inoculum

	
5.4

	
5.2

	
4.8

	
4.2

	
4.0




	
Control (3) + inoculum

	
5.2

	
5.1

	
4.5

	
4.3

	
4.0




	
Mean Control

	
5.4

	
5.2

	
4.6

	
4.1

	
3.9




	
SD

	
0.2

	
0.1

	
0.2

	
0.2

	
0.2




	
Oxygen consumption by microorganisms from 0 to 28 days (%)

	
-

	
4

	
15

	
24

	
28




	
(B) The eluate of crushed particles




	
Tire sample (1) + inoculum

	
4.5

	
4.4

	
3.8

	
3.1

	
3.1




	
Tire sample (2) + inoculum

	
4.4

	
4.3

	
3.9

	
3.8

	
3.1




	
Tire sample (3) + inoculum

	
4.5

	
4.4

	
3.7

	
3.5

	
3.4




	
Mean TS + inoculum

	
4.5

	
4.4

	
3.8

	
3.5

	
3.2




	
SD

	
0.1

	
0.1

	
0.1

	
0.4

	
0,2




	
Oxygen consumption by microorganisms from 0 to 28 days (%)

	
-

	
2

	
16

	
22

	
29




	
(C) The suspension of crushed particles




	
Tire sample (1) + inoculum

	
4.7

	
4.5

	
4.1

	
4.1

	
4.0




	
Tire sample (2) + inoculum

	
4.5

	
4.3

	
4.0

	
3.8

	
3.7




	
Tire sample (3) + inoculum

	
4.9

	
4.7

	
3.9

	
3.8

	
3.8




	
Mean TS + inoculum

	
4.6

	
4.6

	
4.0

	
4.0

	
3.8




	
SD

	
0.2

	
0.2

	
0.1

	
0.2

	
0.2




	
Oxygen consumption by microorganisms from 0 to 28 days (%)

	
-

	
0

	
13

	
13

	
17




	
(D) Tire samples without microorganisms




	
Eluate of mech. crushed particles

	
4.5

	
4.5

	
4.5

	
4.5

	
4.5




	
Suspension of mech. crushed particles

	
4.9

	
4.9

	
4.9

	
4.8

	
4.9
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Table 2. Results of the statistical analysis. One-way analysis of variance (ANOVA) with the GraphPad InStat software was used (InStat version 3, San Diego, CA, USA). The multiple-comparison Tukey–Kramer test was performed at a 0.05 significance level.
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	Comparison
	Difference
	p Value





	control 0 × control 7
	0.167
	ns p > 0.05



	control 0 × control 14
	0.733
	ns p > 0.05



	control 0 × control 21
	1.233
	ns p > 0.05



	control 0 × control 28
	1.467
	ns p > 0.05



	control 0 × eluate 0
	2.400
	* p < 0.05



	control 0 × eluate 7
	1.000
	ns p > 0.05



	control 0 × eluate 14
	1.567
	ns p > 0.05



	control 0 × eluate 21
	1.900
	ns p > 0.05



	control 0 × eluate 28
	2.167
	* p < 0.05



	control 0 × suspense 0
	0.667
	ns p > 0.05



	control 0 × suspense 7
	0.867
	ns p > 0.05



	control 0 × Suspense 14
	1.367
	ns p > 0.05



	control 0 × suspense 21
	1.467
	ns p > 0.05



	control 0 × suspense 28
	1.533
	ns p > 0.05



	control 7 × control 14
	0.567
	ns p > 0.05



	control 7 × control 21
	1.067
	ns p > 0.05



	control 7 × control 28
	1.300
	ns p > 0.05



	control 7 × eluate 0
	2.233
	* p < 0.05







Notes: 0 = time 0, 7 = 7 days of exposure, 14 = 14 days of exposure, 21 = 21 days of exposure, 28 = 28 days of exposure. Control = control samples without pollutants, eluate = the eluate of waste tire particles in distilled water, suspension = a mix of waste tire particles with distilled water. p value = rate of significance, ns = not significant, * = significant.
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Table 3. The absorbances of MTT viability assay after 7 days of exposure. Pure suspension = suspension without microorganism, pure eluate = eluate without microorganisms. The data are expressed as mean values of absorbances with their standard deviations (SDs) and as an inhibition in percentage.
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	Replicate No.
	Control
	Pure Suspension
	Pure Eluate
	Suspension
	Eluate





	1
	0.680
	0.003
	0.004
	0.539
	0.505



	2
	0.687
	
	
	0.610
	0.499



	3
	0.687
	
	
	0.714
	0.476



	Mean
	0.685
	
	
	0.621
	0.494



	SD
	0.008
	
	
	0.176
	0.031



	Inhibition (%)
	-
	
	
	9
	28
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