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Abstract

This study examines the prospects for using Hydra viridissima toxicity test 96-h LCsg served
as a model invertebrate, Lactuca sativa L. was applied for seeds toxicity test (120-h 1Csp) and
a model plant for an acute toxicity assessment of heavy metals content in water. The heavy
metals used to assess the acute toxicity of the water utilized for agricultural irrigation in arid
regions includes cadmium (CdCl,.2H,0), chromium (K,Cr,05), zinc (ZnSO,4. 7H,0), and
boron (H3BO3). A grading of the substances was conducted, and it was found that the toxicity
levels for H. viridissima and L. sativa were, with the least harmful first: B < Cr < Zn < Cd
and Zn < B < Cr < Cd, respectively. Results indicate that H. viridissima was a more sensitive
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indicator of toxicity for all of the evaluated substances. However, L. sativa could also be used
successfully to rank toxicants in order of their potential hazards.

Keywords: Acute toxicity, Heavy metals, Hydra viridissima, Lactuca sativa
1. Introduction

Reuse of treated wastewater is a common and rapidly increasing practice, mainly in arid and
semi-arid regions around the world. The treated wastewater serves as a “new” extra resource,
which is added to the water balance and substitutes for conventional water in agricultural
irrigation. lIsrael is presently reusing more than 65% of its total municipal wastewater
production, and it plans to reach more than 90% reuse during the next decade (Han et al.,
2016; Reznik et al., 2017). The contamination of agricultural lands and irrigation water with
toxic pollutants such as inorganic contaminants poses an environmental risk to humans and
animals. Heavy metals, including nickel, zinc, cadmium, chromium, copper and cobalt, may
accumulate naturally in soil or may originate from industrial and mining processes (Murch et
al., 2003; El-Nahhal, 2003; Bigalke et al., 2018). Furthermore, heavy metals contamination of
aquatic ecosystems in Egypt (e.g. lead, cadmium, chromium, zinc, copper, manganese and
iron) has been receiving increased worldwide attention (Khan et al., 2013; Taghizadeh et al.,
2017; Bigalke et al., 2018). Contamination refers primarily to fish, which are often at the top
of the aquatic food chain and may concentrate large amounts of some metals from the water
(Buchet and Lison, 2000). For example, cadmium and mercury injure the kidneys and cause
symptoms of chronic toxicity, including impaired kidney function, poor reproductive capacity,
hypertension, tumors and hepatic dysfunction. Lead causes renal failure and liver damage.
Other metals, such as chromium, zinc and copper, cause nephritis, anuria and extensive
lesions in the kidney (Mansour and Sidky, 2002).

Therefore, a multispecies approach towards ecotoxicological testing is fundamental for
improving environmental management and ecological risk assessment in arid regions. Plant
and animal communities are diverse in composition and in their sensitivity to toxicants
(Kovacevié¢l et al., 2007). Thus, a battery of bioassays rather than a single species assay is
used in toxicity evaluation, representing the range of sensitivities of field organisms. In this
context, the use of plants L. sativa, offers and advantage over other organisms, since they can
be more sensitive to environmental stress, are easy manipulated and stored, and furthermore,
they offer a low-cost and good correlation in contrast with other bioassays (Escoto et al.,
2007). On the other hand, H. viridissima (a monecious species, distinctively green due to its
symbiotic green algae) has been reported to show high sensitivity to different heavy metals
compared to other species of Hydra (Karntanut and Pascoe, 2002).

The purpose of this study was to investigate toxicity effects of cadmium (CdCl,.2H,0),
chromium (K:Cr,0y), zinc (ZnSO4. 7H,0), and boron (H3BO3) on (Lactuca sativa L.) as a
plant model as well as on the lethality of the green Hydra, Hydra viridissima as an aquatic
animal model. It allows studying future approaches applied for evaluating the toxicity risk
assessment of water used for agricultural irrigation in arid regions. It enabled as well to
compare toxicity and sensitivities of different compounds especially for boron. This element
is an essential nutrient for plants however, above certain concentrations (approximately 0.4
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mg/L) can be toxic to aquatic and terrestrial organisms (Butterwick et al., 1989).

2. Materials and Methods
2.1 Laboratory Culture and Maintenance of H. viridissima

The green Hydra used in toxicity tests were donated by The Hebrew University of Jerusalem,
Israel (Dr. E. Zlotkin, Dept. of Cell and Animal Biology). The animals were cultured in a
Hydra medium “M” comprising 1.0 mM calcium chloride, 1.0 mM sodium hydrogen
carbonate, 0.1 mM potassium chloride and 0.1 magnesium chloride (Lenhoff, 1983). The pH
of the Hydra medium was adjusted to 7.6-7.8 with HCI. Hydra stocks were kept in circular
glass culture bowls (20 cm diameter), two-thirds full with the Hydra medium. Hydra stock
cultures were kept at room temperature (24°C +0.1°C), under a standard 16:8 h light: dark
photoperiod and a light intensity of 800 lux (Beach and Pascoe, 1998; U.S. EPA, 2002). The
Hydra was fed daily with freshly hatched iodine-disinfected Artemia salina nauplli (brine
shrimp) for at least 30 min, after which the bowls were cleaned and the water replaced. Once
a week or when necessary, the Hydra were inserted into clean aquaria. Hydra were
acclimatized in dilution media (synthetic moderately hard water: U.S. EPA, 2002; APHA,
2012) and starved for 24 h prior to the start of the toxicity tests.

2.2 Procedure for the Acute Toxicity Tests for H. Viridissima

Acute toxicity tests for H. viridissima with each of the test compounds were performed based
on the technical methodology of the microplate-based Hydra attenuata assay (Blaise and
Jean-Francois, 2005; Traesel et al., 2014; Murphy and Quinn, 2018). The 96-h static toxicity
tests were carried out in 12-well microplates (Falcon #3043). Three non-budding Hydra > 3
replicates were randomly placed into each test well containing 4 mL of each serial dilution or
dilution media (control). All the experiments were carried out under the same environmental
conditions as the Hydra culture. Changes in H. viridissima morphology were observed after
24, 48, 72, and 96 h of exposure using a stereomicroscope at 6-10 x magnification Figure 1.
However, only the effect of 96 h of exposure was considered. The tulip and disintegration
stages were used as toxicity endpoints to estimate the median lethal concentration (96-h LCs)
values in the definitive toxicity tests.

/
—

Normal Minimal expression Disintegrated
Hydra of toxicity, Shortened Tulip stage (Death of the
i.e. clubbed fentacles  1enfacle oraanism)
S \/ \/
Sublethal Toxicity Lethal Toxicity
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Figure 1. Light stereomicroscope photographs: (6 to 10 x magnification) of the
morphological changes in Hydra viridissima exposed to a toxic event. Sublethal and lethal
toxicity endpoints were respectively determined from the “clubbed tentacle” and “tulip”
stages. Normal Hydra; clubbed tentacles, shortened tentacles, tulip stage, disintegration
(photos taken during the experimental period)

2.3 Procedure for the Toxicity Tests for L. sativa

The acute toxicity tests of L. sativa for each of the test compounds were conducted according
to the procedures used at the National Water Research Institute (NWRI) (Sherry et al., 1997;
Traesel et al., 2014). In this study, commercial L. sativa L. seeds were used (the same seed
batch was used for the duration of the experiment and was stored in a refrigerator at 4<C until
the tests were performed). In the static short-term root elongation toxicity tests, 20 seeds of
similar size, shape and color were placed on Whatman No. 3 filter paper in a Petri dish
containing 6—7 ml of the test solution. Incubation was for a period of 120 h (5 d) at room
temperature (24 £0.1 <C), in darkness. After germination, the seedlings were removed, and
millimeter paper was used to measure the root growth for each of the 20 seedlings in all the
concentrations evaluated (one replicate per concentration), and in the control used in each
toxicity test. The mean root growth rate with standard deviation was calculated for the control
and for the 20 seeds in each test. With the average root growth of each concentration, the
percentage of growth inhibition used as an endpoint was determined and then compared to
the average root growth of the control (Sherry et al., 1997). The data found was used to
estimate the concentration that produces 50% inhibition (120-h 1Cs) in the definitive toxicity
tests. The average root growth length of the control seedlings was 20.9 mm (S.D. £3.10).

2.4 Toxicant Test Preparation

Test compounds were cadmium chloride (CdCl,.2H,0), hexavalent chromium (K,Cr,0O),
zinc sulfate (ZnSO,4. 7H,0) and boric acid (H3BOg3). All the stock solutions were prepared by
dissolving reagents grade compounds in doubly distilled water (ddH,O) (US EPA, 2002),
without pH adjustment according to Canadian practice in definitive regulatory tests (EPS,
1999), and confirmed by atomic absorption spectrometry. Synthetic moderately hard water
was used as a control (without metal) in all toxicity tests, and as the dilution media for the
preparation of the test concentrations (US EPA, 2002; APHA, 2012). The water quality
(hardness, alkalinity, conductivity, and pH of the synthetic moderately hard water) and the pH
of the toxic solutions were also measured throughout the study using standard procedures
(Table 1).

Table 1. Water quality of synthetic moderately hard water and pH of the stock solutions for
toxicity tests with Hydra viridissima and Lactuca sativa

Parameter Measurement (£S. D.)
Hardness of moderately hard water (£S.D.) 170.3 (%0.25)* mg/L as CaCO4
Alkalinity of moderately hard water (£S.D.) 117.1 (£3.86) * mg/L as CaCO,
Conductivity of moderately hard water (%£S.D.) 545 (£70.7)* S cm™
pH of moderately hard water (+S.D.) 7.44 (20.29)°
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pH of cadmium stock solution 4.8
pH of zinc stock solution 4.4°
pH of chromium stock solution 47°
pH of boron stock solution 4.4°

# Each value represents the mean =S.D. of n = 12 replicates.
® The stock solutions were prepared by dissolving reagents in doubly distilled water, without pH adjustment

2.5 Acute Toxicity Range-finding Tests and the Definitive Acute Toxicity Tests for Hydra
viridissima and - Lactuca sativa

Preliminary acute toxicity range-finding tests were performed to establish the concentration
intervals adequate for determining the 96-h LCspsand 120-h ICsps in the full-scale definitive
toxicity tests for H. viridissima and L. sativa respectively (US EPA, 2002). After screening
the range-finding tests, 20 acute toxicity tests (20 replicates) were performed for each
compound in each organism (H. viridissima and L. sativa) (US EPA, 2002). The reference
toxicant cadmium chloride (US EPA, 2002) was used as a standard during toxicity testing to
ensure the sensitivity of Hydra viridissima and Lactuca sativa. The reference toxicant
experiment was run in tandem with the chromium (K,Cr,05), zinc (ZnSQ,4. 7H20), and boron
(HsBO3) experiments at the calculated 96-h LCsgand 120-h 1Css (2.59 mg/L for L. sativa
and 0.002 mg/L for green hydra) to ensure that the sensitivity of both the Hydra viridissima
and the L. sativa did not change with time (Table 2)
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Table 2. Preliminary and final concentrations of Cadmium, Chromium, Zink and Boron for the acute

toxicity tests on Hydra viridissima and Lactuca sativa

Organism | Compound | Stock solution Preliminary Final Concentration
(mg/L) Concentration (mg/L) (mg/L)
L. sativa cd* 100 1.0, 2.50, 5.0, 10.0, 1.0, 2.50, 5.0,
25.0, 50.0, 75.0 10.0, 50.0
L. sativa cr® 100 1.0, 2.50, 5.0, 10.0, 5.0, 10.0, 25.0,
25.0,50.0, 75.0 50.0, 75.0
L. sativa Zn? 100 1.0, 2.50, 5.0, 10.0, 25.0, 25.0, 50.0,
50.0, 75.0, 100.0 75.0, 100.0
L. sativa B3 100 10.0, 25.0, 50.0, 75.0, 100 10.0, 25.0, 50.0, 75.0
H. viridissima Cd* 1 0.001, 0.005, 0.010, 0.025, 0.001, 0.005,
0.050, 0.010, 0.025, 0.050
0.10, 0.25,0.50, 0.75, 1.0
H. viridissima cr® 1 0.001, 0.005, 0.01, 0.02, 0.20, 0.25, 0.50,
0.10,0.20,1.0 0.75,1.0
H. viridissima zZn* 100 0.02, 0.05, 0.10, 0.20, 0.50, 1.0, 0.02,0.05, 0.10,
2.5,5.0, 10.0, 25.0, 50.0, 75.0. 0.20, 0.50
H. viridissima B3* land 100 First set: 0.001, 0.005, 0.010, 5.0, 10.0, 25.0,
0.025, 50.0, 75.0
0.050, 0.10, 0.25, 0.50, 0.75
Second set: 5.0, 10.0, 25.0,
50.0, 75.0
3. Results

3.1 Data and Tools Utilized

The mean percentage effect (% of inhibition and lethality for L. sativa and H. viridissima,
respectively), standard deviations (S.D.), confidence intervals associated with P < 5% (C.1.,
or 95% confidence limits) and variation coefficients were calculated in accordance with
standard procedures (U.S. EPA, 2002). The U.S. EPA Probit program, version 1.5, was used
to calculate the 96-h LCso and 120-h 1Cs, values for H. viridissima and L. sativa, respectively
(U.S. EPA, 2002). Additionally, warning charts for tests with reference toxicants were plotted
using SigmaPlot® graphic software to evaluate the sensitivity of H. viridissima and L. sativa,
respectively (EPS 1999: U.S. EPA2002). For each species, a one-way analysis of variance
(ANOVA) was used to determine differences between the mean values of the 96-h LCsy (H.
viridissima) or 120-h 1Cs (L. sativa) of the four toxic compounds evaluated for each
organism (Statistica 6.0 software). When the ANOVA identified a significant difference (P <
0.05), a post hoc pairwise comparison of sample means was performed with Tukey’s honestly
significant difference test (Statistica 6.0 software).
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3.2 Results of the Preliminary Acute Toxicity Range-finding Test for H. viridissima

The preliminary results for H. viridissima exposed to cadmium show that 100% lethality
occurred at concentrations between 0.010 and 1.0 mg/L, and at concentrations of 0.001 and
0.005 mg/L, lethality was 44% and 66%, respectively. The final concentration range defined
for the final acute toxicity experiments for Cd®* was therefore between 0.001 and 0.050 mg/L,
with five concentrations in between. For chromium, 100% lethality occurred at a
concentration of 1.0 mg/L, whereas no toxicity was observed at concentrations of 0.001,
0.005, 0.01, 0.02 and 0.10 mg/L. However, sub-lethal effects (clubbed tentacles) were seen at
0.20 mg/L, which indicates some level of toxicity. The final concentration range defined for
the final acute toxicity experiments with H. viridissima for Cr®* was therefore between 0.20
and 1.0 mg/L, with five concentrations in between. Zinc®* preliminary results showed that
100% lethality occurred at concentrations between 0.20 and 75.0 mg/L. At concentrations
between 0.02 and 0.10 mg/L, the range of lethality was between 0% and 44%. The final
concentration range defined for the final acute toxicity experiments for Zn** was therefore
between 0.02 and 0.50 mg/L, with five concentrations in between. Preliminary results for
boron showed that in the first set of experiments using a stock solution of 1 mg/L of B*, no
toxic effect was observed throughout the range of concentrations tested: 0.001 to 0.75 mg/L
of B¥, with nine concentrations in between. Therefore, a new set of experiments was
performed using a stock solution of 100 mg/L of B*". In this set of experiments, 100%
lethality occurred at concentrations between 50.0 and 75.0 mg/L, and at concentrations of
10.0 and 25.0 mg/L, lethality was 11.1% and 77.7%, respectively. The final concentration
range defined for the final acute toxicity experiments for B** was therefore between 5.0 and
75.0 mg/L, with five concentrations in between.

3.3 Results of the Final Acute Toxicity Tests for H. viridissima

Twenty toxicity tests were performed for each of the four toxicants in order to determine their
median lethal concentrations (96-h LCsp) with 95% confidence limits for H. viridissima.
Results showed that according to the Probit analysis, the Chi-square test for heterogeneity
was not significant (the calculated Chi-square was less than the tabular value) for all the tests
performed. The results of the control charts (results not shown) that were also drawn up to
evaluate the sensitivity of H. viridissima to the four elements over the experimental period
showed good repeatability: the established 95% confidence limits described very narrow
variation bands, with coefficients of variation of 32% for cadmium, 13% for chromium,19%
for zinc and 14% for boron. The sensitivity of green Hydra to cadmium chloride did not
change significantly over the experimental period when used as an internal reference. The
average 96-h LCs values for cadmium were 0.002 mg/L (%=0.000 S.E.), with 95% confidence
limits between 0.001 and 0.003 mg/L; for chromium, 0.33 mg/L (£0.009 S.E.), with 95%
confidence limits between 0.41 and 0.25 mg/L; for zinc, 0.12 mg/L (%£0.005 S.E.), with 95%
confidence intervals between 0.16 and 0.07 mg/L; and for boron, 17.92 mg/L (%=0.566 S.E.),
with 95% confidence intervals between 22.989 and 12.86 mg/L (Table 3).
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Table 3. Median lethal concentration values (96-h LCsp), confidence intervals (95%),
variation coefficients and standard deviations (S.D.) for H. viridissima exposed to Cadmium,
Chromium, Zinc and Boron

Compound | 96-h LCs, | 95% Confidence Intervals | C.V. Standard
(mg/L) | Lower Limit Upper limit | (%) | Error (£S.E)

cd? *0.002 0.001 0.003 32 0.000
Cr *0.329 0.412 0.246 13 0.009
Zn? *0.118 0.162 0.074 19 0.005
Br¥ *0.001 0.000 0.003 14 0.566

* Median lethal concentration values (96-h LCs) for Hydra viridissima exposed to cadmium, chromium, zinc
and boron. Each data represents median lethal concentration values (96-h LCsg) of 20 replicates.

3.4 Results of the Preliminary Acute Toxicity Range-finding Test for L. sativa

The preliminary results show that 94% inhibition occurred at concentrations of 50.0 and 75.0
mg/L, and at concentrations between 1.0 and 10.0 mg/L, the percentage inhibition ranged
between 24% and 73%. The final concentration range defined for the final acute toxicity
experiments with L. sativa for Cd*" was therefore between 1.0 and 50.0 mg/L, with five
concentrations in between. For chromium, preliminary results showed that 73—76% inhibition
occurred at concentrations between 50.0 and 75.0 mg/L, and at concentrations between 5.0
and 25.0 mg/L, the inhibition percentage ranged between 34% and 71%. The final
concentration range defined for the final acute toxicity experiments with L. sativa for Cr®*
was therefore between 5.0 and 75.0 mg/L, with five concentrations in between. For Zn**, 82—
91% inhibition occurred at concentrations between 75.0 and 100.0 mg/L, and at
concentrations between 25 and 50 mg/L, the inhibition percentage ranged between 57% and
78%. The final concentration range defined for the final acute toxicity experiments with L.
sativa for Zn®* was therefore between 25 and 100 mg/L, with four concentrations in between.
For boron, 63-95% inhibition occurred at concentrations between 75.0 and 100 mg/L, and at
concentrations between 25.0 and 50.0 mg/L, the inhibition percentage ranged between 42%
and 50%. The final concentration range defined for the final acute toxicity experiments with
L. sativa for B** was therefore between 10.0 and 75.0 mg/L, with four concentrations in
between.

3.5 Results of the Final Acute Toxicity Tests for L. sativa

Twenty toxicity tests were performed for each of the four metals in order to determine their
median inhibitory concentrations (120-h ICsp) for L. sativa with 95% confidence limits.
Results showed that according to the Probit analysis, the Chi-square test for heterogeneity
was not significant (the calculated Chi-square was less than the tabular value) for all the tests
performed. The results of the control charts that were also drawn up to evaluate the sensitivity
of L. sativa to the four elements over the experimental period showed excellent repeatability:
the established 95% confidence limits described very narrow variation bands, with
coefficients of variation of: 4% for cadmium, 11% for chromium, 13% for zinc and 4% for
boron. The sensitivity of L. sativa to cadmium chloride did not change significantly over the
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experimental period when used as an internal reference. The average 120-h ICs, values for
cadmium were 2.59 mg/L (£0.025 S.E.), with 95% confidence limits between 2.37 and 2.82
mg/L; for chromium, 12.24 mg/L (%=0.305 S.E.), with 95% confidence limits between 9.51
and 14.97 mg/L; for zinc, 33.88 mg/L (£0.99 S.E.), with 95% confidence limits between
24.99 and 42.77 mg/L; and for boron, 30.69 mg/L (£0.25 S.E.), with 95% confidence limits
between 28.41 and 32.98 mg/L (Table 4).

Table 4. Median inhibitory concentration values (120-h 1Csp), confidence intervals (95%),
Variation coefficients and standard deviations (S.D.), for Lactuca sativa exposed to cadmium,
chromium, zinc and boron

Compound | 120-h ICs, | 95% Confidence intervals | C.V. Standard
(mg/L) Lower limit  Upper limit | (%) | Error (35.E)
Cd* *2.59 2.37 2.82 4 0.025
cr® *12.24 9.51 14.97 11 0.305
Zn% *33.88 24.99 42.77 13 0.994
Br* *30.69 28.41 32.98 4 0.255

*Median Inhibitory concentration values (120-h ICsp) for Lactuca sativa exposed to cadmium, chromium, zinc
and boron. Each data represents median lethal concentration values (120-h LCsg) of 20 replicates.

3.6 Comparison of Toxicity between Compounds for Hydra viridissima and Lactuca Sativa

The 96-h mean lethal toxic concentrations (LCsp) of the chemical compounds in H.
viridissima are shown in Figure 2. Significant differences in this parameter between the
compounds used were found (one-way ANOVA, df = 3; F = 984.83; P < 0.001). The toxicity
levels of the test metals with the least harmful first were estimated as follows: boron <
chromium < zinc < cadmium. A comparison of the mean 96-h LCs, values showed that
cadmium, zinc and chromium were the most toxic compounds and boron the least to H.
viridissima Figure 2. depicts the comparison of the 96-h mean lethal toxic concentrations
(96-h LCsps) of cadmium, chromium, zinc and boron on H. viridissima. Bars represent means
(n = 20) £ S.E. Bars sharing the same letter are not significantly different (confirmed by
Tukey test). On the other hand, the 120-h mean inhibitory toxic concentrations (ICsp) of the
chemical compounds in L. sativa are shown in Fig. 3. Significant differences of this
parameter were detected between the compounds (one-way ANOVA: df = 3; F = 778.996; P
< 0.001). The toxicity levels of the test metals with the least harmful first were as follows:
zinc < boron < chromium < cadmium (Figure. 3).
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Figure 2. Comparison of the 96-h mean lethal toxic concentrations (96-h LCsgs) of
cadmium, chromium, zinc and boron on Hydra viridissima. Bars represent means (n = 20) %
S.E. Bars sharing the same letter are not significantly different (confirmed by the Tukey test)
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Figure 3. Comparison of the 120-h mean inhibitory toxic concentrations (120-h 1Csps) of
cadmium, chromium, zinc and boron on Lactuca sativa. Bars represent means (n = 20) =S.E.
Bars with different letters indicate significant differences between compounds at P <0.05, as

determined by the Tukey test
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4. Discussion
4.1 Hydra Viridissima

This study evaluated the potential for using green Hydra (Hydra viridissima) as a model
invertebrate for an acute toxicity assessment of cadmium (CdCl,.2H,0), chromium
(K2Cry07), zinc (ZnSO4. 7H,0), and boron (H3BOsz)—common freshwater pollutants and
representative contaminants from arid regions. The sensitivity of H. viridissima to the tested
chemical compounds for acute toxicity, with the least harmful first, was as follows: boron <
chromium < zinc < cadmium. Acute toxicity endpoints with green Hydra exposed to
cadmium, chromium, zinc and boron were compared with values from the literature for other
species of Hydra and Daphnia magna that are usually used by regulatory agencies as toxicity
indicators (Table 5). However, the variety of physicochemical conditions used for the toxicity
tests (e.g., lighting, period of exposure, water characteristics) makes it difficult to compare
results between studies. Moreover, the variation in Hydra responses to a specific toxicant
depends on the species and the endpoints evaluated. A comparison of 96-h LCs, for cadmium
and zinc revealed similar values to those obtained with the same toxicants by Holdway et al.,
(2001). Quinn et al., (2007) reported lethal (LCsp) and sublethal (ECso) (Table 5). Endpoint
values of 1.16 and 0.18 mg/L were obtained for Hydra attenuata (after 24 h of exposure to
cadmium chloride), and of 0.167 and 0.045 mg/L (after 96 h of exposure). Comparing their
results with the results obtained in this study, H. viridissima seems to be more sensitive than
Hydra attenuata to the same compound. However, they used a hydra medium as a diluent to
prepare the different concentrations, and in this study, hard water was used for the same
purpose Table 5.
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Table 5. Comparative toxicity data for Hydra viridissima exposed to cadmium, chromium,
zinc and boron with literature values for other species of Hydra and Daphnia magna (used
for regulatory testing programs as indicator of toxicity)

Toxic Organism Duration (hours) | LCs” (mg/L) Reference
Cadmium | Hydra viridissima 96 0.002 This study
Hydra viridissima 96 0.21 Karntanut and Pascoe, 2002
Hydra viridissima 96 0.003 Holdway et al., 2001
Hydra vulgaris® 96 0.16 Karntanut and Pascoe, 2002
Hydra oligatis 96 0.32 Karntanut and Pascoe, 2002
Chromium | Hydra attenuata 96 0.17 Quinn et al, 2007
Hydra viridissima 96 0.33 This study
Hydra attenuata 96 0.15 Diaz-Baez and Perez, 2000
Zinc Hydra viridissima 96 0.19 This study
Hydra viridissima 96 11.0 Karntanut and Pascoe, 2002
Hydra viridissima 96 2.5 Karntanut and Pascoe, 2005
Hydra viridissima 96 0.93 Holdway et al., 2001
Hydra viridissima 96 11.0 Karntanut and Pascoe, 2002
Hydra vulgaris® 96 13.0 Karntanut and Pascoe, 2002
Hydra oligactis 96 14.0 Karntanut and Pascoe, 2002
Hydra vulgari® 96 2.3 Pollino and Holdway, 1999
Boron Hydra viridissima 96 - This study
Daphnia magna 48 141 Maier and Knight, 1991

®Hydra vulgaris also known as Hydra attenuata (Pollino and Holdway, 1999; Javois and Frazier-Edwards,
1991).

bMedian lethal concentration (LCx).
4.2 Other Indicators

Furthermore, the 96-h LCss values for H. viridissima exposed to cadmium and zinc in this
study were lower than reported values for other species of Hydra; these results are consistent
with findings reported by Karntanut and Pascoe (2002) and Pollino and Holdway (1999).
Diaz-Baez and Perez (2000) reported that the chromium 96-h LCsy value for H. attenuata
was 0.17 mg/L, whereas in this study, the 96-h LCs, value for H. viridissima was 0.329 mg/L,
which suggests that H. viridissima is less sensitive to chromium than H. attenuata.
Information found in the literature related to Hydra and the acute toxicity of boron was too
limited to enable a comparison with our results. Kot (2015) reported that negligible effects of
concentrations on aquatic invertebrates were observed. These effects were in the range of 6—
10 mg B/L with lower values of 1-2 mg/L. Negligible effects of concentrations, in the range
of around 1 mg/L, on fish in natural waters could be detected, although lower values have
been recorded in reconstituted water. However, in this study, boron was the least toxic
element for H. viridissma, relative to the other substances tested, with a 96-h LCs, value of
17.92 mg/L (Table 6).
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Table 6. Comparative toxicity data for Lactuca sativa exposed to cadmium, chromium, zinc
and boron with literature values for L. sativa and other plant species

Toxic Organism Duration | ECs?/ I1Cs," Reference
(hours) (mg/L)
Cadmium | Lactuca sativa L 120 2.59° This study
Lactuca sativa L. 120 21.3° Castillo et al., 2000
Lepidium sativum L. 48 26.5° Montvydient and Martiulionieng, 2004
Chromium | Lactuca sativa L. 120 12.24° This study
Lactuca sativa 72 6.42° Barbero et al., 2001
Cucumis sativus 72 43.58°% Barbero et al., 2001
Lepidium sativum L. 48 1.8 Montvydient and Martiulionient, 2004
Lepidium sativum L. 72 4.14° Barbero et al., 2001
zZinc Lactuca sativa L 120 33.88" This study
Lactuca sativa L. 120 24.48° Bohd&quez and Campos, 2007
Lactuca sativa L. 120 25.2° Diaz-Baez and Perez, 2000
Lactuca sativa L 120 28.5° Arkhipchuk et al., 2000
Lepidium sativum L. 48 1498 Montvydient and Martiulionieng, 2004
Zinc Lactuca sativa L 120 33.88" | This study
Lactuca sativa L. 120 24.48°% Bohd&quez and Campos, 2007
Lactuca sativa L. 120 25.2% Diaz-Baez and Perez, 2000
Lactuca sativa L 120 28.5% Arkhipchuk et al., 2000
Boron Lactuca sativa L 120 30.69° This study

% Median effective concentration (ECs): 50% effective concentration according to the inhibition of root
elongation in plant species.

® Median inhibitory concentration (ICs): 50% inhibition of root elongation.

In addition, a number of environmental factors are known to affect the results of the various
toxicity tests. Holdway et al., (2001) suggested that one of the reasons for the variability in
the responses of the test organisms to chemical substances reported in the literature could be
due to the differences in abiotic modifying factors, such as water hardness, pH and
temperature, used by investigators, rather than species differences. For example, Karntanut
and Pascoe (2002) found that the 96-h LCsqs values of cadmium and zinc for H. viridissima
were 0.21 mg/L and 11.0 mg/L, respectively; however, their test solution was a Hydra
medium, which was harder than that used in this study (total hardness 209.76 mg/L as CaCO3
compared to 170.3 mg/L as CaCOs3), and the temperature was 20 <€ instead of 24 <€; the pH
was also higher than the pH used in this study: 7.89 and 7.44, respectively. Holdway et al
(2001) found that the 96-h LCsps values of both cadmium and zinc for H. viridissima were
0.003 mg/L and 0.93 mg/L, respectively. Their findings are comparable to the 96-h LCs
values reported in this study for both cadmium and zinc (0.002 mg/L and 0.12 mg/L,
respectively). However, their dilution medium (total hardness: 19-20 mg/L as CaCOs) was
considerably harder than the dilution medium used in this study; pH and temperature were
similar in both studies.
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4.3 Lactuca Sativa L.

This study also evaluates the potential for using L. sativa as a model plant for an acute
toxicity assessment of cadmium (CdCl,.2H,0), chromium (K,Cr,07), zinc (ZnSQO,4. 7H,0),
and boron (H3BOs3). The sensitivity of L. sativa to the tested chemical compounds for acute
toxicity, with the least harmful first, was as follows: zinc < boron < chromium < cadmium.
The variety of conditions used for the toxicity tests (e.g., lighting intensity, duration of
exposure, water characteristics) makes it difficult to compare results between studies.
Moreover, the variation in plant responses to a specific toxicant depends on plant species and
endpoints evaluated.

A comparison of the 120-h 1Csq values of all chemical substances tested (Table 6) showed that
the toxic one to L. sativa was cadmium (2.59 mg/L). The 120-h ICs value for cadmium
obtained in this study for L. sativa was lower than the value of 21.3 mg/L reported by Castillo
et al. (2000). Nevertheless, they did not mention the dilution medium and the pH used in the
preparation of the toxic solutions, which may contribute to the observed differences in
cadmium toxicity. Montvydient and Martiulionieng (2004) studied the toxic interactions of
heavy metals using Lepidium sativum (Brassicaceace). They reported a cadmium
[Cd(NO3),.4H,0] 48-h ECs, value for the inhibition of root elongation of 26.5 mg/L; in this
study, the 120-h ICsp value for L. sativa was lower, suggesting that L. sativa is more sensitive
to cadmium than Lepidium sativum. Ding et al., 2011; Song et al., (2015) studied the effects of
cadmium toxicity in Chinese cabbage, brassica napus, youmai lettuce, mustard pakchoi and
cucumber. They found that cucumbers were the most tolerant to Cd toxicity among the
studied crops. In addition, they established that most of the studied crop seedlings showed
cadmium toxicity symptoms with 0.1-0.25 mg x L(-1). The EC,, (effective concentration
causing a 20% inhibition of shoot biomass) values of Cd for the studied crops ranged from
0.03 to 24.67 mg x L(-1). In the current report, the end point evaluated for L. sativa was
120-h 1Csp; however, it is interesting to note that most of the studied crop seedlings showed
cadmium toxicity symptoms between 0.1-0.25 mg x L(-1), and in this study, the median
inhibitory concentration value was 2.59 mg/L, which agrees with the assumption that Cd is
very toxic for crop plants in the seedling stage.

The chromium 120-h ICsp value of 12.24 mg/L for L. sativa obtained in this study is
comparable to the 96-h ECsy value of 17 mg/L reported for the inhibition of root elongation
in L. sativa by Wang (1986). However, that experiment lasted four days. Munzuroglu and
Geckil (2002) studied the effects of metals on seed germination, root elongation and
coleoptile and hypocotyl growth in wheat (Triticum aestivum L.) and cucumber (Cucumis
sativus L.). They found that the effective concentrations of metals necessary to inhibit seed
germination to a certain degree increased with an increasing incubation period. Given that our
experiment lasted one more day than that of Wang (1986), the longer incubation period could
explain the slight differences between the results reported in this study and those of Wang’s
(1986) study.

The chromium 120-h ICs value obtained for L. sativa was higher (12.24 mg/L) than the ECs
value reported for the inhibition of root elongation of L. sativa (6.42 mg/L) by Barbero et al.
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(2001). However, they used deionized water as a dilution medium. Based on water chemistry
data from Barbero et al.’s (2001) study, the increased water hardness (total hardness: 170
mg/L as CaCQO3) in this study may have contributed to the observed differences in chromium
toxicity (EPS, 1999; Holdway et al., 2001; Arkhipchuk et al., 2000). The L. sativa used in this
study was more sensitive to chromium than was Cucumis sativum (72-h ECs = 43.58 mg/L),
in which inhibition of root elongation was measured by Barbero et al. (2001). However, the
chromium 48-h ECsp and 72-h ECso values (1.8 and 4.14 mg/L, respectively) for the
inhibition of root elongation in Lepidium sativum reported by Montvydient and Maré
iulionient (2004) and Barbero et al. (2001), respectively, were lower than the results reported
for L. sativa in this study.

A\\ Mac rOth i “k Environmental Management and Sustainable Development

The toxicity of zinc to L. sativa is shown by the 120-h I1Csq value of 33.881 mg/L. This value
was comparable to other values from the literature (120-h ECso = 25.2 mg/L and 120-h ECsg
= 28.5 mg/L) reported for the inhibition of root elongation in L. sativa by Diaz-Baez and
Perez (2000) and Arkhipchuk et al. (2000), respectively. Boh&quez and Campos (2007)
reported a zinc value for L. sativa 120-h ECsp of 24.48 mg/L. The comparison between L.
sativa and Lepidium sativum reveals that the 48-h (149 mg Zn/L) ECs, value reported for the
inhibition of root elongation in Lepidium sativum by Montvydient and Mariulionieng
(2004) is higher than the 120-h (33.881 mg Zn/L) ICs, value reported in this study.
Nevertheless, the 48-h (8.419 mg Zn/L) ECsy value reported for the inhibition of root
elongation in Lepidium sativum by Arambasic et al. (1994) is lower than the 120-h 1Cs value
reported in this study. Arambasic et al., (1994) reported a zinc 48-h ECs, value for the
inhibition of root elongation in Allium cepa L. of 0.39 mg/L; in this study, the 120-h 1Cs
value for L. sativa was 33.88 mg/L, which suggests that L. sativa is less sensitive than Allium
cepa L. to zinc. The toxicity of boron to L. sativa is shown by the 120-h 1Csy value of 30.69
mg/L. In general, the differences in the ratio of EC/ICs values for heavy metals depend on
the plant species, duration of the experiments, and the methods used. In this study, boron
toxicity was specially evaluated since B toxicity in crops is a significant problem in irrigated
environments, where groundwater application contributes to the accumulation of excess B in
the soil. In irrigated environments where water reuse management strategies are practiced, B
toxicity may also overlap with the occurrence of saline soils, exposing crops to both stresses
simultaneously. In addition, soils intrinsically high in B exist in many parts of the world,
including southern Australia, West Asia and North Africa (Schnurbusch et al., 2010; Bast Bs
et al., 2010). However, although information about B toxicity’s independent effects is
abundant, information about its toxic effects in L. sativa is very limited with regard to the
toxicity levels and responses to them. Apostol and Zwiazek (2004) studied the effects of
boron on growth, water and nutrient uptake in jack pine (Pinus banksiana). They
demonstrated that high boron concentrations inhibited stomatal conductance and root water
flow, and caused needle injury in jack pine seedlings.

5. Conclusions

The results obtained in this study suggest that the test organisms show different sensitivities
to the tested heavy metals. The acute toxicity of the tested substances decreases in the
following order: Cd > Zn > Cr > B and Cd > Cr > B > Zn, for H. viridissima and L. sativa,
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respectively. There were significant acute L. sativa toxicity differences following exposure to
the non-essential metals cadmium and chromium (Ramos et al., 2002; Ali et al., 2004) and to
the essential elements zinc and boron (MacFarlane and Burchett., 2002; Cd and Cd., 2003).
Accordingly, it would be expected that cadmium and chromium, which are non-essential
elements with no known biological function, cause greater inhibitory effects at lower
concentrations than zinc and boron, which are essential elements in plant growth and
development. In conclusion, H. viridissima can be considered as a potentially useful and
sensitive aquatic invertebrate model for acute toxicity testing. Though H. viridissima was the
more sensitive indicator of toxicity for all the evaluated substances, L. sativa could also be
considered a useful and sensitive vascular plant model in which to rank toxicants in order of
potential hazard. Based on the results from this study and the literature review, it can be
concluded that the different sensitivities of the test organisms to various pollutants, as well as
the simplicity of test procedures, are the main reasons for their applicability in water toxicity
assessments.
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