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Can duckweed be used for biomonitoring of textile effluents?
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In certain countries, poorly managed freshwaters need to be seriously controlled to not lead to ecosystems 2 degradation. This control can be achieved by a biomonitoring using living organisms as ecological alert 3 indicators. In this context, biotests were undertaken on Lemna gibba (L. gibba) to assess the toxic effect of 4 textile pollutants reaching a natural ecosystem. L. gibba were exposed to different concentrations (5-100 mg/L) 5 of two dyes, namely Direct Red 89 (DR-89) and Vat Blue 20 (VB-20), under laboratory conditions. Our findings 6 showed that at concentrations > 50 mg/L, visible damage of toxicity (chlorosis and dislocation of fronds) were 7 appeared from the third day of toxicity tests leading to serious necrosis. However, at dye concentration ≤ 50 8 mg/L, duckweed showed no visible signs of toxicity within an exposure time of 4 days. However, these 9 concentrations exhibited a significant inhibition in L. gibba growth rate with a clear abatement in the 10 photosynthetic pigments contents. The dye concentration that reduces by 50% the growth rate of the plants 11 (IC50) was 36.3 and 26.9 mg/L for DR-89 and VB-20, respectively. The concentration-dependant reduction in 12 growth and photosynthetic pigments demonstrated their sensitivity in detection of dyes in aquatic systems. The 13 current findings proving physiological alterations of L. gibba following dye exposure, suggested that the species 14 are strongly suitable for the testing of textile effluents contaminating water bodies. 15

Introduction 18

The urban industrialization and population growth have placed an escalating pressure on our environment by 19 discharging organic and inorganic pollutants in atmospheric, terrestrial and aquatic ecosystems. This fact led to a 20 threat in human and animal health and a disturbance in the ecological balance (Khataee et The colored effluents are a serious ecological concern because of their potential toxicity to aquatic 2 sunlight penetration into the water. Moreover, dying effluents can enter terrestrial systems and contaminate the 30 agriculture lands leading to serious health implications as recently reported (Raziq et al., 2017). It is therefore 31 essential to ascertain the toxicity threshold of dye products in order to detect and assess their impact on biotic 32 systems.
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For pollutant analysis purposes, a wide range of approaches is adopted including the direct chemical analysis and 
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Statistical analysis 131

Three independent experiments were performed for each of the ten dye concentrations. Error bars given in the 132 figures represent standard deviation of the means. The results were analyzed using a one-way analysis of 133 variance (ANOVA). Comparison between control and treatments was statistically analyzed and the validity of 134 investigation was expressed as probability value of p<0.05. 135

Results 136

Symptoms of toxicity 137

To determine the effect of DR-89 and VB-20 on L. gibba, morphological symptoms of toxicity were identified. 

Dose-Growth rate relationship 146

The toxic effects of the used dyes in this study were evaluated by the average growth rate inhibition calculated 147 according to Eq. 1. The doubling time of the frond number in the control test was 2.4; this value is less than 2.5 148 days validating the toxicity tests on L. gibba. 

Growth inhibition parameters 159

The growth inhibition parameters were deduced from the insert in Figure 3 illustrating the growth-rate inhibition 160 percentage versus the logarithmic concentration. The calculated concentrations that lead to a reduction of 50% in 161 the plant growth (IC50) were 36.31 and 26.92 mg/L for VB-20 and DR-89, respectively. The minimum dye 162 concentrations having an inhibitory effect on L. gibba (LOEC) were also estimated (Table 2). The coefficients 163 of determination (R 2 ) were also determined. The no-observed effect concentration (NOEC) could not be 164 determined under the selected conditions of the present work; further measurements are required (especially at 165 low dye concentrations) in order to calculate the NOEC. 
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Table 2 167

Effect of VB-20 and DR-89 on the content of chlorophyll and carotenoid pigments 168

176

To fit the relation between pigment content and initial dye concentration, we used linear regression equations 177 that showed linearity with coefficients of determination varying from 0.938 to 0.983 as shown in Table 3.
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Fig. 4 179 Table 3 180 

Discussions 181

The present study was undertaken with the specific aims to evaluate the degree of dye inhibition to L. gibba 
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Several published studies define plant growth such as the increase in an observable parameter like the frond 195 number, total frond area, dry weight or the chlorophyll content [START_REF] Mkandawire | Limitations of growth-parameters in Lemna gibba bioassays for[END_REF][START_REF] Mazur | The use of computer image analysis in a Lemna minor 307 L. bioassay[END_REF].

196

In this project, the growth was expressed as average growth rate based on fronds number. The different assays 

  Among the most dangerous effluents, the textile industry handles nearly one million tons of synthetic 22 dyes. Ten percent of these dyes are released into natural ecosystems following inefficiencies in dying or loss of 23 dye products during textile processes (Jadhav et al. 2010). Although the textile effluents are treated in 24 wastewater plants, the big majority of them is bio-recalcitrant and can easily escape to reach the nature. They can 25 contaminate the water bodies because of the poorly managed plants in certain developing countries (Mangadze 26 et al. 2019).

  figure representing the percentage of inhibition of the growth rate versus the logarithmic concentrations. The
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  The fronds were daily observed, and the results show that the two dyes caused visible damages on the plants as 139 shown in Figure2at concentrations > 50 mg/L. These damages were visible from the second day of exposure 140 89 and from the third day of exposure for VB-20. Additionally, DR-89 exhibited more sign of toxicity 141 than VB-20. The signs of toxicity consisted on a dislocation of fronds followed by a reduction in biomass for 142 concentrations > 50 mg/L. At high concentrations (100 mg/L), a rapid chlorosis of some fronds was observed 143 where their color changed from green to yellow for both dyes. These signs progressed to necrosis of small fronds 144 at the end of toxicity tests.

  145

Figure 3

 3 Fig. 3 158

  photosynthetic pigments, namely chlorophyll-a (Ch-a), chlorophyll-b (Ch-b) and total 169 carotenoids (Cx+c) (xanthophylls and carotenes) were analyzed quantitatively in order to measure the response of 170 L. gibba to the stress induced by the two dyes (C0 = 10-50 mg/L). Figure 4 shows the alteration of the different 171 pigment content as a function of dye concentration. The results show that chlorophyll-a content was significantly 172 affected by the presence of the dyes. It decreased by 30% and 32% after 4 days of treatment with 50 mg/L of 173 VB-20 and DR-89, respectively. The amount of chlorophyll-b content also decreased significantly by 36% and 174 54% at the same conditions for VB-20 and DR-89, respectively. Carotenoids content exhibited a reduction of 175 26% and 35% in response to VB-20 and DR-89 exposure, respectively.

  182 growth and to investigate the deleterious effects of the pollutants on chloroplastic pigments in order to test the 183 feasibility of using duckweed as contaminant bioindicator. Biochemical and physiological effects of chemical 184 pollutants on several duckweed species were extensively studied (Singh et al., 2018; Sree et al., 2018; 185 Appenroth et al., 2010; Khellaf and Zerdaoui, 2010) and literature on the effect of organic pollutants such as 186 synthetic dyes deserves to be enriched. The results of the present study show that, at dye concentration > 50 187 mg/L, morphological symptoms of toxicity were induced. The signs consisted on a dislocation of fronds and/or a 188 rapid chlorosis of some fronds. These signs progressed to necrosis of small fronds at the end of the treatment 189 tests. Several researchers asserted that visible symptoms of toxicity in living organisms could be an efficient 190 indicator to assess the deleterious effects of some mineral and organic pollutants (Costa et al., 2018; Song et al., 191 2015; Coronado-Posada et al., 2013; Henke et al., 2011). Furthermore, some researchers suggested to take 192 into account the importance of identifying the suitable endpoints of toxicity assessment and to consider the 193 intrinsic differences between species when evaluating the toxicological effect of pollutants (Song et al., 2015).

  aquatic plant reacts to the two dyes by changes in the growth rate. Inhibition of the growth 198 was observed in all experiments as shown in Figure 2. This may be caused by an inhibition of cell division 199 resulting from oxidative stress or alteration of the plant photosystem following a reduction in the electron 200 transport of chloroplasts (Sree et al., 2018). Vafaei et al. (2012) attributed the reduction of growth-rate to the 201 dye inhibitory effect of photosynthesis and/or the synthesis of growth proteins. Some studies reported the effect 202 of various pollutants on several species of aquatic plants. Khataee et al. (2012) found that the relative growth 203 rate (RGR) of L. minor was negatively influenced by the increase of the concentration of Acid Blue 92. 204 Additionally, RGR of the same species decreased with an increase in the initial concentration of Methylene Blue 205 (Reema et al., 2011). Similar results reported by Khataee et al., 2013 indicated that the exposure of Azolla 206 filiculoides to Acid Blue 92 resulted in a growth reduction with the increase of the dye concentration (10 and 20 207 mg/L). Vafaei and al. (2012) demonstrated that the exposure of this plant species to the dye Basic Red 46 (10 208 and 20 mg/L) reduced the value of RGR by 26.83 and 32.05%, respectively compared to the control. In the 209 present study, it was found that 36.31 mg/L of VB-20 and 26.92 mg/L of DR-89 reduced the RGR of L. gibba by 210 50%; additionally, photosynthetic pigments content exhibited a significant reduction in response to VB-20 and 211 DR-89 exposure. The intensity level of toxicity varies from one species to another, which could be due to their 212 behavioral responses and their origin. 213 In the present study, some differences were found between L. gibba development patterns during contact with 214 the two pollutants. The red dye had a more aggressive impact on the duckweed development; indeed, the growth concentration of 8 mg/L. Another study carried out by Khataee et al. (2013) on Azolla filiculoides exposed to 10 and 20 mg/L Acid Blue 92 solutions showed that Ch-a, Ch-b and Cx+c concentrations decreased in both cases 226 compared to the control. The critical interference on the chloroplastic pigments could be due to the inhibition of 227 stress, biochemical traits and antibiotic degradation. Chemosphere 201: 492-502. 330 Song L., Vijver M.G., Peijnenburg W.J.G.M. (2015) Comparative toxicity of copper nanoparticles across three 331 Lemnaceae species. Sci. Total Environ. 518-519: 217-224 332 Sree K.S., Keresztes Á., Mueller-Roeber B., Brandt R., Eberius M., Fischer W., Appenroth K-J. (2015) 333 Phytotoxicity of cobalt ions on the duckweed Lemna minor-Morphology, ion uptake, and starch 334 accumulation. Chemosphere 131: 149-156. 335 Türker O.C., Gür N., Bocük H. (2016) Toxicity assessment of boron (B) by Lemna minor L. and Lemna gibba L.

  336 and their possible use as model plants for ecological risk assessment of aquatic ecosystems with boron 337 pollution. Chemosphere, 157: 1-9. 338 Vafaei F, Khataee AR, Movafeghi A., Lisar S.Y.S., Zarei M. (2012) Bioremoval of an azo dye by Azolla 339 filiculoides: Study of growth, photosynthetic pigments and antioxidant enzymes status. Inter. B.C., de Angelis D.F., Marin-Morales M.A. (2016) Assessment of the cytotoxic, genotoxic 342 and mutagenic effects of the commercial black dye in Allium cepa cells before and after bacterial 343 biodegradation treatment. Chemosphere 161: 325-332. 344 Wang W. (1990) Literature Review on duckweed toxicity testing: Environ. Res. 51, 7
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 1234 Fig. 1 Experimental setup for the phyto-toxicity tests

Table 2

 2 Growth inhibition parameters of L. gibba in the presence of the dyes 360

	361	Dye	IC50	R 2	LOEC	NOEC
	362		(mg/L)	(/)	(mg/L)	(mg/L)
	363	DR-89	26.92	0.88	5	*
	364	VB-20	36.31	0.98	5	*
	365	* Not observed				
	366					

Table 3

 3 Linear regression models: pigment content versus initial dye concentration 367

	1				
	2				
	3				
	4				
	5				
	6				
	7				
	8				
	9				
	368		Pigment	Regression equations	R 2
	369 370	DR-89	Chl-a Chl-b	Y = -0.029x + 0.517 Y = -0.027x + 0.281	0.963 0.957
	371		Carotenoid	Y = -0.009x + 0.151	0.938
	372 373	VB-20	Chl-a Chl-b	Y = -0.032x + 0.542 Y = -0.018x + 0.270	0.958 0.987
	374		Carotenoid	Y = -0.007x + 0.157	0.983
	375	Y, X and R 2 represent the pigment content (mg/g FW), the initial dye concentration (mg/L)
	376	and the coefficient of determination, respectively	

life with eventual carcinogenic and mutagenic effects (Ventura-Camargo et al. 2016). Additionally, these non-28 biodegradable compounds can contribute to strong coloration of water even at low concentration reducing

et al., 2016). Particularly, plant-based bioassays have gained remarkable popularity among the toxicological

assessment procedures. Those bioassays include the use of aquatic plants that can provide information on the 43 toxic effects of certain pollutants (Siddiqui et al., 2011; Eullaffroy and Vernet, 2003). In certain
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demonstrated that concentrations of 26.92 mg/L DR-89 and mg/L 36.31 VB-20 in the culture medium reduced 217 the growth by 50%. These values can be used as indicator indices in biomonitoring of water textile pollution.

218

The inhibitory effect of the two pollutants on the photosynthetic pigments was also highlighted. Low chlorophyll