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Abstract. The Reghaia Lake (Algiers, Algeria) is contaminated by the untreated industrial effluents
discharge of Reghaia-Rouiba industrial park, via El Biar River. The present report is the first study which
addresses the effects of industrial wastewaters rejected into the lake in light of genotoxic and phytotoxic
effects, using Avena sativa L. and Trifolium alexandrinum L. test system. The wastewaters were collected
seasonally at the mouth of El Biar River and analyzed using chemical analysis and biological assays,
including the germination and root elongation inhibition test, mitotic index and micronucleus test. Results
showed that samples collected during the summer season (SM) were high contaminated by heavy metals
than that of the winter season (WN). Furthermore, the WN samples have relatively low phytotoxicity on
A. sativa seed germination and T. alexandrinum root elongation (no EC50 was determined). Genotoxicity
of the SM samples is evident in A. sativa by a significant depression of mitotic activity, induction of
several chromosomal aberrations and occurrence of micronuclei in T. alexandrinum. All the results
indicated that the samples from the El Biar discharging river in Reghaia Lake exhibited genotoxicity and
argue for the possible use of A. sativa and T. alexandrinum plant system for genotoxicity assays.
Keywords: industrial effluents, heavy metals, Reghaia Lake, plant biotests, genotoxicity

Introduction

In Algiers, capital of Algeria, industrial effluents discharge into rivers, are the major
sources of aquatic pollution. Reghaia Lake in northeast of Algiers has a total surface
area about 75 ha of freshwater. It was promoted in 1993 as a Ramsar lake site and
represents the only remnant of the Mitidja old swamp. The lake is affected by industrial
effluents from Reghaia-Rouiba industrial areas (tanneries, chemical and allied products,
leather, pulp and paper, and miscellaneous industrial activities). Monitoring of the
Reghaia Lake, based on physical and chemical analyses of surface-water quality
(Algerian legislation does not include toxicity evaluation), indicates that many toxic
chemicals are found in water. The common components which are heavy metals (Cd,
Cr, Fe, Ni, Pb and Hg), transported largely by El Biar River (Thibault et al., 2006; Taleb
et al., 2008). Water pumped from the lake is crucial for agricultural use in the southern
Reghaia region. The application of wastewater on agricultural land may cause
accumulation of metals and persistent organic chemicals in soils and agricultural
products, which can potentially harm human and animal health (Garg and Kaushik,
2007; Liu et al., 2015).
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Since chemical analysis is cumbersome and does not warrant exhaustive coverage of
all potential toxic substances, biotests have been developed to define the toxic effects of
industrial wastewaters at different concentrations and exposure periods (Reifferscheid et
al., 2008; Llorente et al., 2012). Metals when in excess into the exposure pathways,
cause lethal effects, genotoxicity, mutagenicity, and carcinogenicity to microorganisms,
aquatic organisms, plants, animals, and human beings (Singh et al., 2014). Therefore,
the use of plant bioassays for the genotoxicity evaluation is pivotal since plants are the
primary target of noxious substances and these tests are relatively simple to perform,
economic, biologically sensitive, and rapid (Fatima and Ahmad, 2006; Mielli et al.,
2009). Moreover, inhibition of seed germination and the growth of root and shoot
represent excellent biological tests easy to perform, and reliable if compared to other
biological test-systems (Siddiqui et al., 2011).

Screening of genotoxic effects of various chemicals has been reported using different
plant systems. Among higher plants, Allium cepa has been considered an efficient test
organism (Firbas and Amon, 2014; Pathiratne et al., 2015). On the other hand, a number
of studies show that Vicia faba is appropriate for pursuing the genotoxicity evaluation
and it has more advantages than the other plants (e.g., Tradescantia paludosa and
Allium cepa) (Cotelle et al., 1999). Moreover, Arabidopsis thaliana (Filkowski et al.,
2003; Li et al., 2010), Hordeum vulgare (Grant, 1978; Kamal et al., 1992; Sang et al.,
2006; Srivastava et al., 2014), Triticum aestivum (Kumar, 2010) and Trifolium repens,
(Manier et al., 2009) have been also used and considered as an excellent indicators of
genetic damage. The micronuclei formation test, introduced by Levan (1938), is the
most frequently used, effective and the simplest indicator of DNA damage (Pathiratne et
al., 2015).

There are only a few reports published till date which describe the heavy metal
contamination of the surface water (Taleb et al., 2008) and sediments (Alomary and
Belhadj, 2007) of the Reghaia Lake, however no study has focused on the genotoxicity
of industrial wastewaters rejected into this lake. Nevertheless, adequate attention has not
yet been given in Algeria to test the toxicity/genotoxicity of the complex industrial
effluents. Concerning the genotoxicity of different types of industrial wastewater, many
studies have focused on this thematic. Only a few published works concerning the
genotoxic effects of irrigative industrial wastewater are available. In addition, all the
developed models are cultivated vegetable plants, such as Vicia faba and Allium cepa
and scarce works presented results on other plant systems. In this work, we have chosen
to screen the genotoxic response using A. sativa and T. alexandrinum plant system,
which are not a model system for genotoxicity test and have never been used in this
domain, but represents the best example of rapid cycle plant system recommended by
the OECD for ecotoxicological testing and widely cultivated around the Reghaia Lake
as fodder plant. These two plant species represent grasses and legumes and are
commonly used also in revegetation practices. The present report is the first study
which addresses the effects of industrial wastewater rejected into Reghaia Lake in light
of genotoxic and phytotoxic effects.

The aims of the present researches are to investigate the quality/toxicity of the
industrial wastewaters rejected from Reghaia-Rouiba industrial area into Reghaia Lake
(located in the northeast of Algeria) using plant bioassays with Avena sativa L. and
Trifolium alexandrinum L. test system. Inhibition of germination and root elongation
was carried out to determine the phytotoxicity of contaminated water. In addition, the
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Mitotic index (MI), micronucleus (MN) test and pollution index (PI) were performed to
detect the potential genotoxicity and cytotoxicity of industrial wastewater.

Materials and methods
Site description

The Reghaia Lake has a total surface area of 75 ha of freshwater. It opens to the
Mediterranean Sea from its northern edge. The lake is situated about 35 km northeast
Algiers (3°19°- 3°21’E, 36°45°- 36°48’N) (Fig. 1) and located in the downstream of
Reghaia—Rouiba industrial park, which constitute the major sources of water
contamination by metal trace elements. Creates in 1960, the industrial park extends on a
surface of 1000 ha and contains more than 300 industrial plants (tanneries, chemical and
allied products, leather, pulp and paper, and miscellaneous industrial activities). Most
effluents are not treated before to be released in the river. The wastewater volume
rejected by the whole industrial zone is estimated at more than 20 000 m*/day. These
effluents have high heavy metals (Cd, Cr, Cu, Fe, Ni, Pb and Zn) and suspended solid
(SS) concentrations, and are characterized by excessive mineralization (Thibault et al.,
2006; Taleb et al., 2008).
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Figure 1. Geographic situation of the Reghaia Lake. A: sampling station, at the mouth of El
Biar River

Effluents

Water samples were collected at the mouth of El Biar River discharging into the
Reghaia Lake (A: 3°19°58” E - 36°45°44”N). These samples represent the sum of whole
industrial effluents released by factories in El Biar River, entering the lake. Surface
water was collected in polyethylene containers of 5-litre capacity at two different
periods, series 1: January- February (winter) and series 2: July-August (summer) 2015.
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For each series three samples were performed. The collected samples were transported
to the laboratory and immediately stored in cold room at 4°C. The physicochemical
parameters of samples (pH, temperature (T), dissolved oxygen (DO) content,
biochemical oxygen demand (BODs), chemical oxygen demand (COD), total suspended
solid (TSS), total phosphate (TP), total organic carbon (TOC), nitrates (NO3),
ammonium (NH4"), nitrites (NOy), total hydrocarbons (THC), sodium (Na), potassium
(K), magnesium (Mg) and calcium (Ca)) were measured. In addition, metal contents
(Hg, Fe**, Cd, Total Cr, Cu, Ni, Pb and Zn) were measured using Inductively Coupled
Plasma-optical emission spectrometry (ICP-OES) according to the ISO 11885 protocol
(1S0O, 2007). To evaluate ecotoxicological effects of water samples on A. sativa and T.
alexandrinum, undiluted (100%) and diluted water at 25, 50 and 75 % of each sample
were tested. The dilutions were prepared with distilled water.

Germination test

Germination test with one monocotyledonous plant, Avena sativa L., and one
dicotyledonous plant, Trifolium alexandrinum L. was performed on wastewater
samples. Both plant species are used as fodder plant and recommended by the OECD
for ecotoxicological testing. Seeds were obtained commercially and sorted based on size
and appearance. The test was made in accordance with the OECD Guideline 208 A
(OCED, 1984). Seeds were surface sterilized with 0.1% sodium hypochlorite (NaClO)
for 10 min, rinsed three times and soaked in distilled water at room temperature for 12
h. 10 seeds of A. sativa or 20 seeds of T. alexandrinum were subjected to germination in
plastic Petri dishes lined with an absorbent paper, moistened with 5 ml of distilled water
(control), 25, 50, 75, or 100% of wastewater samples collected during the winter (WN)
season or summer (SM). In order to test 100 seeds of each species, ten replicates (10x10
seeds) for A. sativa and five (5x20 seeds) for T. alexandrinum were maintained for each
treatment at 25 °C. After seven days, the number of germinated seeds was counted, and
expressed as germination rate. The EC50 (concentrations with 50% maximum possible
effect) values of germination inhibition were calculated for each sample (WN and SM).

Root elongation test

The root elongation (RE) toxicity test was performed in accordance with the OECD
for plant acute toxicity tests (OECD, 1984). All bioassays had five replicates per
treatments and control. Each replicate is a culture dish (diameter: 20 cm) with 100 g of
artificial soil (70% sand, 20% clay and 10% peat, by dry weight). The soil was watered
with pure water for the controls, with 25, 50, 75, or 100% of each sample according to
usable water to field capacity calculated in gram of water per gram of artificial soil and
after wards, every other day till the end of the experiment. For each dish, either 20 pre-
germinated seeds of A. sativa or T. alexandrinum were placed in soil. The seedlings
were then grown in a growth chamber with 16h light and 8h dark cycle at a constant
temperature of 25°C and relative air humidity of 60%. After 5 days, the root elongation
was measured in all treatments. The inhibitory rate (IR) of the two plants was calculated
as followed:

the root elongation in control treatment
IR = = (Eq.1)

the root elongation in sample treatment
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Plant genotoxicity tests

Root tip genotoxicity test was carried out on two different plant species A. sativa L.
(number of chromosomes: 2n=42), and T. alexandrinum L. (2n=16). As described
previously, seeds of both species were allowed to germinate for 3 days in the same
conditions of the germination tests. When the primary root reached 1-2 cm in length,
the root tip was cut off (2-3 mm) to stimulate the development of secondary roots.
Then, the roots were exposed to fresh Hoagland’s solution (negative control) or to
wastewater samples collected during the winter season (WN) or summer (SM) at
concentrations of 25%, 50%, 75% and 100%. As a positive control, methyl methane
sulphonate (MMS at 10 mg/L) was used.

After 4 days, root tips (20 mm) of A. sativa L. and T. alexandrinum L. were excised
and fixed overnight in Carnoy’s solution (1:3 glacial acetic acid and ethanol) and then
transferred to 70% ethanol for storage (Monarca et al., 2005). Before the microscopic
observation, roots were hydrolyzed in 1N HCI at 60°C for 6 to 7 min, five root tips per
experimental group were used for preparing slides. After staining the root tips with 1%
aceto-orcein, the slides were viewed under the light microscope using the 100x
objective lens with oil immersion.

The genotoxicity potencies of individual samples based on the MN frequencies (a
number of cells with micronuclei per 1,000 cells scored) and the pollution index (PI)
value were determined. The identification of Pl has been used for the classification of
the polluted water. The mitotic index (MI) was expressed as the number of dividing
cells per 100 scored cells. The MI was also recorded as an indicator of the cytotoxicity.

Number of cells containing micronucleus
Total number of cells counted (Eq.2)

MNG%Go =

MN of the sample

PI =
MN of the negative control (Eq.3)

Statistical analysis

ANOVA analysis was used to determine the overall significance of the dose-
response relationship (sample-genotoxicity) and followed by post-hoc Tukey tests to
determine which dose levels were different from the negative control at 5%, 1% and
0.1% significance level. The EC50 values (concentrations with 50% maximum possible
effect) of germination and root elongation inhibition test were calculated using a Probit-
Analysis. All tests were performed using the statistical software package Statistica 10
(StatSoft, 2011).

Results and discussion
Physicochemical analyses

Mean values of water chemical parameters for samples collected during the winter
season (WN) and summer (SM) 2015 are presented in Table 1. Analysis of parameters
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COD, TOC, BOD:s indicated that organic contents of WN and SM samples were higher
than regulatory limits set by the National Agency for water resources (Table 1.). Despite
that, their biodegradability, expressed as BODs/COD ratio was on similar level (0.39
and 0.46, respectively). In contrast, in the summer season (SM) there was an increase in
the rates of total phosphate (TP), total organic carbon (TOC), total suspended solids
(TSS) and ammonia in samples. At the same time, there were decreases in pH and
dissolved oxygen (DO) values. The total hydrocarbons (THC) values were on similar
level with the regulatory limits. Moreover, the SM samples showed higher contents of
metals than those of WN, with total concentrations of metals up to 1637 ug/L and 349
ug/L, respectively. Iron (Fe) is the metal found in the highest concentrations with a
maximum concentration of 989 pg/L in SM samples, but significant concentrations of
Cr (79 ng/L), Ni (70.9 pg/L), and Zn (85 pg/L) are also found (Table 1.).

Table 1. Mean values of water chemical parameters measured at the mouth of the El Biar
River in the winter (WN) and summer season (SM) 2015

Analytical Sample WN | Sample SM Limit
parameter value ?
pH 6.9+0.9 49+1.5 6.5-8.5
T (°C) 15.6+0.8 266+1.1 <25
TSS(mg/L) 321 +£21.6 | 1088 +42.3 <30
DO(mg/L) 41+1.0 1.2+0.2 >7
BOD5(mg/L) 3348+ 15.6 876 £ 56 <5
COD(mg/L) 849+98.3 | 1870 +39.7 <20
TOC (mg/L) 180 +£23.2 320 +46.4 10
TP (mg/L) 0.6+04 20.7+5.4 <0.2
NH," (mg/L) 17+£2.4 86 +£22.1 <10
NO3" (mg/L) 0.28+0.1 0.96+0.4 <5
NO, (mg/L) 0.06£0.03 | 0.32+0.09 0.01
THC (mg/L) 1.8+0.09 3.85+2.15 3.5
Na (mg/L) 176 £ 23.1 125 +13.3 <100
K (mg/L) 27.5+10.9 149+4.2 10
Ca (ng/L) 142.2 +£ 35 205 + 68.6 <100
Mg (ug/L) 384+11.7 | 75.6+78 <30
Hg (ng/L) 2.42 +£0.04 23£1.5 0.0005
Fe (ng/L) 136.5+£26.3 | 989 +96.1 0.1
Cd (ng/L) 2.1+£0.1 2643 0.005
Cr (ug/L) 25+14 97.2+34.1 0.01
Cu (ng/L) 0.094 +£0.0 47+£82 0.01
Ni (ug/L) 3.86+1.8 70.9+3.6 0.01
Pb (ng/L) - 18.8+1.1 0.01
Zn (ug/L) 2179+6.7 | 85+154 0.3

&: Limit values set by the national agency for water resources (ANRH, 2008), -< Detection under limit of
determination.

Germination test

As shown in Figure 2., there was a significant linear correlation between the
germination inhibitory rate of A. sativa and the tested concentrations of SM samples (P
<0.01). According to the corresponding regression equations (listed in Table 2.) based
on the inhibition of germination, the EC50 was calculated. It was shown that the EC50
was 59.2% of SM samples.
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Figure 2. Toxic effects of wastewater samples collected during the winter (WN) and summer
season (SM) on the inhibitory rate of seed germination of A. sativa and T. alexandrinum

Table 2. Regression equations, EC50 and EC100 for germination of A. sativa and T.
alexandrinum exposed to samples collected during the winter (WN) and summer season (SM)

Plant species sample Regression Equation R? EC50 (%) EC100 (%)
A. sativa WN y = 0.030x — 0.066 R?>=0.924 - -

SM y = 0.814x + 1.802 R?=0.986 59.2 -
T. alexandrinum WN y = 0.628x + 4.065 R?>=0.975 73.1 -

SM y=0.961x + 16.76 R?=0.881 34.6 87.8

() : Not determined

On the contrary, WN samples have relatively low phytotoxicity on A. sativa seed
germination. In this case, only the undiluted WN samples reduced significantly (P<
0.01) the germination rate. Thus, no EC50 was determined for WN samples, which
meant that the toxic effect of SM on A. sativa was stronger than that of WN.
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As shown in Figure 2., there was a clear dose-response between concentration of
samples (SM and WN) and the germination inhibitory rate of T. alexandrinum.

Table 2. presents the EC50 values obtained after the concentration gradient assay for
wastewater samples. The lower EC50 (higher toxicity) was observed with SM samples
(34.6%); while, it was markedly higher with WN samples (73.1%), which means that
the toxic effect of SM on T. alexandrinum was stronger than that of WN ones. In terms
of EC50 of seed germination, the results from the present study indicated that T.
alexandrinum germination was more sensitive to the toxicity of SM and WN samples
than that of A. sativa.

Root elongation test

To investigate the possible inhibitory effect of the contaminated wastewaters on root
elongation, A. sativa and T. alexandrinum seedlings were exposed to both SM and WN
samples in laboratory conditions. The dose—response relationships for the root
elongation inhibition and the different concentrations of water samples are shown in
Figure 3., after 5 day, the root elongation of both plant species decreased significantly
at all concentrations of the WN samples but the EC50 was determined only for A. sativa
root elongation (72.8 % of WN samples). In terms of EC50 values of the WN samples
(Table 3.), on the two plant species, the A. sativa root elongation was more inhibited
than that of T. alexandrinum.

100 A. sativa
y=0.644x + 22,99
R*=0,661

60

inhibition of root elongation (%)

40 y=0,683x + 0,264 ¢ WN
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20
0 ‘
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Figure 3. Toxic effects of wastewater samples collected during the winter (WN) and summer
season (SM) on the root elongation inhibition of A. sativa and T. alexandrinum
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Moreover, the SM samples inhibited the root growth of the two plant tested in a
dose-dependent manner and these effects were statistically significant (P <0.05) at
concentrations of 25%.

Table 3. Regression equations and EC50 for root elongation of A. sativa and T. alexandrinum
exposed to samples collected during the winter (WN) and summer season (SM)

Plant species sample Regression Equation R? EC50 (%)

A. sativa WN y = 0,683x + 0,264 R?=10,99 72.8
SM y = 0,644x + 22,99 R?=0,661 41.9

T. alexandrinum WN y =0,212x + 5,552 R?=0,743 -
SM  y=0,877x + 16,75 R?=0,865 37,9

- Not determined

Further, according to the regression equations (Table 3.) based on the inhibition of
root elongation by the SM sample treatments, the T. alexandrinum was slightly more
sensitive than A. sativa (EC50 37.9 and 41.9 % respectively). In fact, the water samples
collected during summer (SM) were found to be the most toxic than that of WN, with
the lowest EC50 values recorded (Table 3.).

Genotoxicity

Genotoxicity effects of the industrial effluents rejected into the Reghaia Lake were
evaluated by means of cytogenetic analyses considering mitotic index values (Ml),
micronucleus assay (MN) and pollution index (PI) on root tips of two different plant
species A. sativa L. and T. alexandrinum L. (Table 4.).

Table 4. Genotoxic effects on A. sativa and T. alexandrinum tip cells of samples collected
during the winter (WN) and summer season (SM) at different concentrations

Sample Avena sativa Trifolium alexandrinum

MI (%) MN (%) Pl MI (%) MN( %o) PI

WN 25% 473+£24NS 27£06NS 11 456+6.1INS 19+02NS 1.2
50% 41.6+£32%* 29+ 13NS 12 452+£63NS 35£1.0%* 22

5% 39.8+£3.3*%*  35+£0.8% 14 451£49NS 47+19*%** 29

100%  38.8+4.7*** 37+24* 14 43+(0.58 ** 49+ 1.6%** 31

SM 25% 27.9+£3.4%¥*% S8£2. 1% 23 3906£33*¥* 63+£28%* 39
50% 27.7£53%¥*%  76£2.7¥* 3 36.0£2.0%* B.0+£2.6¥** 5

5% 26.6 £3.0%** 8. 1£23%* 32 303£42%**¥* 10.1+£3.7%* 6.3

100%  22.4+£6.1%*¥* 8.9+4.6%** 3.6 27.2+£13.6¥** 10.7+2.6%** 6.7
Negative control 477+1.2 2.5+£0.8 - 46.1+3.3 1.6£0.9 -
Positive controle  18.4 +£4.9%**% 97+ 22%%% 39 227+ ]4%%* 1244 ]1%%* 7

Significance level calculated through Tukey tests: *P< 0.05. **P< 0.01. ***P< 0.001 and NS: not significant
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Mitotic index (MN)

The results presented in Table 4., show that in relation to the mitotic indices, the
samples collected during the summer season (SM) presented a more accented decrease
(significant at P< 0.001) than that of winter (WN). Therefore, upon exposure of A.
sativa root cells to MMS (positive control) and SM samples, mitotic indices (M) of
root meristematic cells decreased significantly (P< 0.001) in comparison to that of T.
alexandrinum (Table 4.). However, the MI were comparable (no significant difference)
in the negative control apices of two plant species. As listed in Table 4., the Ml
decreased markedly (P< 0.01) in A. sativa root cells when exposed to concentrations
greater than 50% of WN samples. However, they did not exert any effects on T.
alexandrinum MI at any dilution tested, but it was significantly reduced by 6.7% in
response to the undiluted WN samples compared to control. Thus, A. sativa root cells
appear to be more sensitive to the cytotoxicity of industrial wastewater in this study.

Micronuclei frequency (MN)

In this study, the highest number of micronuclei (11.2%o) is recorded in the root cells
of T. alexandrinum exposed to the positive control, MMS, clearly demonstrates the
genotoxic effects of the known mutagen on the root meristematics cell. Moreover, the
SM samples effect was more remarkable in T. alexandrinum root cells concerning the
huge increases (significant at P< 0.001) of micronuclei emergence (6.3-10.7 of
micronuclei per 1,000 cells) while the MN frequency was comparatively lower in the A.
sativa root cells (5.8-8.9 of micronuclei per 1,000 cells). In the other hand, a lower
frequency of MN was observed after exposure of A. sativa L. root cells to WN samples
which is probably due to their lower sensitivity to micronuclei occurrence compared to
T. alexandrinum. In this case, a significant (P< 0.05) increase compared to the control
was obtained only at the high concentrations 75% and 100% of WN samples for which
the increase was about 1.4 and 1.5 times higher. Likewise, an increase in the MN
emergence after WN treatment was also observed in T. alexandrinum root cells at the
concentrations of 50%, 75% and 100%, the MN was 2.2, 2.9 and 3.1-fold higher than
that observed in the negative control.

Chromosome aberrations

Cytological analysis showed various types of chromosomal abnormalities in different
stages of the mitosis cycle. Figures 4. and 5. indicate the chromosomal alteration
evidencing the presence of genotoxic substances in samples.

The genotoxic effect caused by SM samples was more pronounced than that of WN,
by causing an induction of chromosome aberrations. Micronuclei were one of main
aberration types observed in the current study (Fig. 4: B1; B2; C2 and Fig. 5: B1; B2;
B3; C1). The morphological alterations in the interphase nuclei (deformed nucleus)
(Fig. 4: B1; C1 and Fig. 5: B1; C1), sticky metaphase (Fig. 4. B4; B5) and disturbed
metaphase (Fig. 5: C4; B4) were also observed. The occurrence of anaphase with
bridges (Fig. 4: C4) and cell death (Fig. 4. C5) were more detected in A. sativa root
cells exposed to SM samples, while the nuclear buds (Fig. 5: C2), and small condensed
nuclei (Fig. 5: C3) were more often observed in T. alexandrinum L. root cells.
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Figure 4. Normal and abnormal chromosome morphology at mitosis of Avena sativa root tip
cells.

A: Normal chromosome morphology. 1: interphase; 2: prophase; 3: metaphase; 4: anaphase; 5: telophase.
B: Abnormal chromosome morphology in root tip cells treated with undiluted water samples of the winter
(WN) season. B1: deformed nucleus (DN) with micronucleus (MN); B2: single micronucleus (MN); B3:
binuclei (BN); B4: sticky metaphase (STM); B5: sticky metaphase with chromosome loss (CL).

C: Abnormal chromosome morphology in root tip cells treated with undiluted water samples of the
summer (SM) season. C1: deformed nucleus in interphase; C2: bi-micronuclei (BMN); C3: unipolar
anaphase (UA); C4: anaphase with single bridge (SB); C5: cell death (CD).

ot |

. Al __&at

Figure 5. Normal and abnormal chromosome morphology at mitosis of Trifolium alexandrinum
root tip cells.

A: Normal chromosome morphology. 1: interphase; 2: prophase; 3: metaphase; 4: anaphase; 5: telophase.
B: Abnormal chromosome morphology in root tip cells treated with undiluted water samples of the winter
(WN) season. (B1): deformed nucleus with multi- micronuclei (MMN); (B2): multi- micronuclei; (B3):
bi-micronuclei; (B4): disturbed metaphase (DM); (B5): vagrant telophase (VT).

C: Abnormal chromosome morphology in root tip cells treated with undiluted water samples of the
summer (SM) season. (C1): deformed nucleus with micronucleus; (C2): nuclear bud (NB); (C3):
condensed nuclei (CN); (C4): fragmented metaphase (FM); (C5): overcontraction in chromosomes and
polar slip irregularities at anaphase (1A).
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Pollution Index (P1) values

Generally, levels of pollution are divided into four grades based on PI values: 0-1.5,
no pollution; 1.5-2, light pollution; 2-3.5, medium pollution; and, above 3.5, heavy
pollution (Jin and Chen, 1998). It has been found that WN samples had the lower PI
values in these studies ; because at all concentrations tested on A. sativa apices, Pl
values were all bellow 1.5, which indicates that the WN samples tested were not
polluted. On the contrary, the PI values increased in T. alexandrinum with the increase
of WN water concentrations (from PI=1.2: no pollution to P1=3.06: medium pollution),
which appears logical as the concentration of pollutants becomes higher.

This result suggests that T. alexandrinum apices are by far high sensitive to the
occurrence of MN than that of A. sativa. In concordance with the highest number of
micronuclei recorded in both Avena and Trifolium apices, SM samples (at all
concentrations), with the highest PI values (all above 3.5) reaches heavy pollution level.

Discussion

El Biar River (Reghaia, Algiers) which was chosen for screening for the presence of
genotoxic substances, receives untreated industrial effluents from Reghaia-Rouiba
industrial plants which will be subsequently discharge into the Reghaia Lack. In this
study, the wastewaters were collected at the mouth of El Biar River during two periods
of the year 2015: the winter season (WN) and summer (SM). Besides the chemical
analysis, phytotoxicity, cytotoxicity and genotoxicity assays were carried out to assess
efficiently the toxic effects of industrial wastewater on Avena sativa and Trifolium
alexandrinum plant system.

Physico-chemical analyses

Physico-chemical analyses of wastewater samples showed that the WN samples are
less contaminated than the SM ones, which can be explained by the different
characteristics related to the Mediterranean climate seasonality. This contrasted climate
is characterized by hot and dry summer, while the winter season is rather cold and rainy.
Meteorological data for the periods of sampling showed a great variation, mainly related
to the monthly temperature mean and rainfall volume (Table 5.). SM samples were
taken in a period with almost no precipitation (0 mm); they are the most contaminated,
likely due to low precipitation in this dry season which suggests a higher concentration
of pollutants in the water of river. The increase in temperature, as observed in summer,
promotes water evaporation and can elevate the dissolution of substances in water,
including some metals (Delpla et al., 2009; Mazzeo and Marin-Morales, 2015).

Table 5. Meteorological data for the water samples collection periods of the Reghaia region.

Collection period Maximum Minimum Mean Relative Rainfall
temperature temperature temperature  humidity of the (mm)
(°C) (°0) &S) air (%)
Winter  January 16.9 5.1 10.4 78.4 72.14
2015  February 15.4 6 10.5 77.6 90.93
Summer July 34.7 20.1 275 62.8 0
2015 August 33.4 22.1 27.5 66.4 0

The values were obtained by calculating the mean of the daily values.
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However, much precipitation occurred in the winter seasons (72.14 mm in January
and 90.93 mm in February 2015.) and thus, WN samples were less contaminated. This
supports the assumption that dilution has led to lower concentrations of potential
contaminants in the water phase. Industrial effluents characteristically contain a
complex mixture of organic and inorganic pollutants. The previous studies reported that
high concentrations of potentially toxic metals were detected at the upstream of the lake
(Thibault et al., 2006; Taleb et al., 2008).

Germination test

The convenient methods to study the toxicity of pollutants to higher plants are the
experiment concerning seed germination and root elongation, consequently, the seed
germination rate of plants was frequently used as a phytotoxicity assay for testing the
metal effects (Chen et al., 2012). Among the most sensitive plant species recommended
by the OECD (1984), US EPA (1982) and US FDA (1987) are dicotyledons such as
clover (Trifolium). In this study, the germination of T. alexandrinum was more sensitive
to the metal containing wastewater than that of A. sativa which seems not to be
influenced by WN samples exposure and may not be a sensitive test for evaluating
toxicity. According to Gong and Wilke, 2001 and Wang and Zhou, 2005a, the
germination is insensitive when the concentration of a pollutant is low, because a plant
embryo can absorb nutrition from the embryo to accomplish its germinating process.
However, the toxic influence of SM on T. alexandrinum was manifested itself as
depressed germination which meant that germination is sensitive when the the complex
of pollutants is high (Wang and Zhou, 2005b).

Root elongation test

The inhibition of root elongation is considered to be the first evident effect of metal
toxicity in plants. Since roots are the first organ to come in contact with the metals, their
growth is affected largely. In general, there was a reduction in root elongation in all
assays involving industrial wastewater. The SM samples had the highest impact on
inhibition of root elongation; this can be related to the complex of contaminants present
in these samples, particularly heavy metals that are reported in the literature to be toxic
to plant growth at the concentrations actually found in the present water samples. Thus,
inhibition of growth can result from the absence of necessary nutrients in the water or
the presence of insoluble compounds, which prevent the uptake of nutrients (Gong and
Wilke, 2001). The results suggest that T. alexandrinum root elongation was well suited
for testing toxicity of wastewater. It should be noted that A. sativa has often shown low
sensitivity to metal contamination (Wilke et al., 1998; Loureiro et al., 2006). The
ecotoxicological effects under the combined pollution were not only related to chemical
properties of pollutants but also dependent on the combination of concentrations of
pollutants in ecosystems (Zhou et al., 2004). In this context, the results from the present
study indicated that, perhaps the combination of organic pollutants and heavy metals at
the low concentration will reduce the activity of heavy metals and possibly will inhibit
them to enter the root system. In that way, the toxic effects of WN sample decreased.
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Genotoxicity
Mitotic index

The present study reveals that industrial effluents dumped in the Reghaia Lake
present a high cytotoxicity on the root meristematic cells of both plant species, in
respect to the negative control. Our results showed that the SM samples were the most
cytotoxic. This influence was more accented in the A. sativa apices in comparison to
that in T. alexandrinum. The depression of miotic index in A. sativa root cells may
likely be due to the retardation of cell division in the root apices or even the inhibition
of mitotic activity which may induce cell death, phenomenon well observed in A. sativa
exposed to undiluted SM samples. Inhibition of mitotic activity above 78% caused
lethal effect, while the inhibition above 50% usually has sublethal effect (Sharma, 1983,;
Wang et al., 2007). This indicates, qualitatively, the presence of compounds with some
degree of cytotoxicity, containing in effluents from industries situated in the upstream
of El Biar River. The decline of mitotic index has been attributed to the effect of
environmental chemicals including heavy metals on DNA/protein synthesis of the
biological system (Barbosa et al., 2010; Hemachandra and Pathiratne, 2015). The
cytotoxic effect may not be contributed by a single compound, but is more likely to
reflect the cumulative effects of contaminants present in water. Heavy metals,
individually or in combination, may exert a strong inhibitory effect on the cell division
(Unyayar et al., 2006).

Micronuclei test

As far as micronuclei emergence is concerned, A. sativa L. appears to be the more
resistant to genotoxic effects of SM and WN effluent among the two experimental
plants, since it shows the minimum of micronuclei formation in comparison to T.
alexandrinum. Differences in the plant response to toxic substances reflect the different
genetic and physiological assets of each one of them (Cotelle et al., 1999). In A. sativa,
for example, MN frequency seems no/less affected by the WN exposure. The T.
alexandrinum apices showed more sensibility in the MN occurrence. Furthermore, the
SM wastewaters induced considerably stronger genetic damage towards T.
alexandrinum cells than the WN ones which produced less of micronuclei frequency.
The results imply a seasonal difference in genotoxicity induced by wastewater samples.
In the other hand, micronuclei test (MN) is an efficient test system to analyze the
mutagenic effects promoted by environmental pollutants (Ma et al.,, 1995). The
micronucleus is composed either of small chromatin fragments which arise as a result of
chromosomal breakage or of whole chromosomes that do not migrate during anaphase
as a result of spindle dysfunction (Ma et al., 1995; Leme and Marin-Morales, 2009).
Chromosomal aberrations derived from the aneugenic and clastogenic action of the
polluants, also observed in both plant root cells, can give rise to micronuclei. So that the
MN presented in these root cells showed different sizes.

Chromosomal aberrations

Chromosomal aberrations are the consequence of DNA double-strand break which
was unrepaired or repaired improperly (Maluszynska and Juchimiuk, 2005). The types
of chromosomal abnormalities induced in A. sativa root tip cells exposed to wastewaters
reflect more aneugenic effects due to spindle dysfunctions than clastogenic effects due
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to chromosomal breaks. In the present results, the stickiness and anaphase bridges were
observed with the test samples. The sticky chromosomes due to chromatin dysfunction
(Leme and Marin-Morales, 2009) reflect highly toxic effects, usually of an irreversible
type and probably lead to cell death (Liu et al., 1992). Sticky chromosomes have been
reported in Allium roots after treatment with various heavy metals such as Hg, Ni, and
Cu (Monte Egito et al., 2007). While the chromosome bridges in the anaphase and
telophase indicate chromosomal breaks due to the clastogenic effects (Radi¢ et al.,
2010; Masood and Malik, 2013). The other effects observed in T. alexandrinum are
vagrant chromosomes, disturbed metaphase (spindle failure) and nuclear buds.
According to EI-Ghamery et al., (2003), the induction of vagrant chromosomes may
lead to the separation of unequal number of chromosomes in the daughter nuclei and
subsequently increase the risk for aneuploidy (Leme and Marin-Morales, 2009). In the
other hand, nuclear buds arise as a result of the elimination of exceeding genetic
material derived from the polyploidization process (Fernandes et al., 2007).

Our results are in accordance with recent ecotoxicological studies that suggest the
utility of plant mutagenicity/genotoxicity assays in water quality monitoring programs
(Radi¢ et al., 2010; Yu et al., 2011; Firbas and Amon, 2014; Srivastava et al., 2014;
Pathiratne et al., 2015). This study demonstrates the efficacy of the new plant test
system for screening the genotoxic potential of industrial wastewaters and may agrue
the possibility use of plants that are not considered as a model plant system for
genotoxicity test, provided that the choice of plants is based on a specific goal; in our
case, the choice was made on the basis of their economical and agricultural values in
studied area. The present study may lead to regulations which should be taken as control
measures for these discharges. Therefore, it is suggested that the release of effluent from
Reghaia-Rouiba industrial area should be done after appropriate treatment and rejection
into water resources should be minimized.
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