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Abstract: Tailings deposits in Tarnița, Suceava County affect the soils around. 
These large sterile dumps are highly contaminated with arsenic and heavy 
metals. The effect of various concentrations of arsenite and arsenate on wheat 
seeds and seedling growth within several germination experiments was 
investigated in order to assess potential individual toxicity of arsenic released 
from the sterile dumps. Samples of spring wheat (Triticum aestivum L.) seeds 
were used to investigate the effect of arsenic at seed level and its influence on 
the resulting plantlets. The effect of glutathione on sodium arsenite toxicity in 
wheat during the germination process was also studied. Arsenite (NaH2AsO3) 
concentrations ranged from 0.25 mM to 5 mM, while the concentrations of 
arsenate (NaH2AsO4) and glutathione (GSH) solutions were 1 mM and 10 mM, 
respectively. Germination rate of wheat seeds decreased significantly with 
increasing arsenite concentrations; it decreased from 100% (control) to only 
24%, when a 5 mM arsenite concentration was reached. A similar trend was 
observed for total shoot heights and masses of wheat seedlings by increasing 
arsenite concentrations. Interestingly, GSH alone slightly decreased the average 
heights and mass of shoots as compared with the control carried out with 
distilled water (Control: 9.04 cm and 2.34 g; GSH: 7.18 cm and 1.78 g). 
However, GSH completely recovered the germination of 0.25 mM arsenite-
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intoxicated seeds (no GSH: 4.39 cm and 1.29 g; GSH: 7.24 cm and 1.81 g). 
Moreover, a more concentrated arsenite solution (0.826 mM) almost completely 
inhibited the wheat germination (0.32 g of shoots with an average height of 0.99 
cm), while GSH partially restored both germination parameters (0.84 g and 2.45 
cm, respectively). Briefly, wheat germination approaches may be authentic and 
inexpensive toxicity screening methods of arsenic in the environment.  
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 Introduction  

A very intense mining activity in Tarnița area, Suceava county, 

northeastern Romania induced an intense environment pollution.1,2 Arsenic 

speciation in Tarniţa area and its risk assessment was also highlighted.3 

Some other toxic elements, such as Cu, Pb, Cd, Zn, Fe, etc. were found as 

major factors that promote the environmental pollution of Tarniţa area. 

However, arsenic in sterile and soils can be highly reactive and mobile in 

the arsenite or arsenate form, resulting in the formation of metal arsenates.4 

Arsenic was found in water and soil around some closed mines as arsenate 

ions (oxidation state V), whereas arsenite (oxidation state III) in certain 

anaerobic conditions.5 

Arsenic inactivates about 200 enzymes, including those involved in 

cellular energy pathways and DNA synthesis and repair.6 Arsenic poisoning 

is generally associated with nausea, vomiting, abdominal pain as well as 

severe diarrhea. This element induces oxidative stress in plants and reduces 

the nutritive value of the harvesting products.7  

Arsenic uptake in crop plants from the arsenic-contaminated 

irrigation water was also investigated.8 Arsenic contamination in 

Bangladesh was studied using the  geographic information system.9 Several 

authors showed that arsenic in soil and sediments is usually associated 

with aluminum, iron, manganese and sulfates, phosphates or carbonates, and 

such ions are essential for the distribution and mobility of arsenic.10 
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Groundwater and rivers may become contaminated naturally from mining or 

agriculture.6 

Arsenite is considered to be more toxic and mobile than arsenate to 

plants; arsenate uncouples phosphorylation and inhibits the uptake of 

phosphates.11 In fact, arsenate ions are uptaken by high-affinity phosphate 

transporter in plants and about 95% of it is reduced to more toxic arsenite by 

cytoplasmic or nucleus arsenate reductase.12,13  

Because wheat seeds are sensitive to toxic metal and metalloid ions 

in general, parameters such as shoot heights and root lengths recorded after 

wheat germination can be indicators of choice for arsenic toxicity.14 

Therefore, this study aims to evaluate the germination performance of wheat 

seeds under arsenic pollution through a facile incubation method in Petri 

dishes with a seven-day incubation period. Arsenic concentrations lower 

than those estimated in the tailings dumps, in Tarniţa area, have been found 

to have devastating effects on plant development and growth. 

 Results and Discussion 

Experiment 1. A higher toxicity of the sterile from one of the 

Tarniţa tailings dumps and the possibility to decontaminate using water in 

order to dissolve and remove soluble contaminants was noticed (Figure 1). 

The remaining residue proved to be harmless. Thus, the tailings extracted 

two or three times with 10 mL of distilled water did not inhibit the seeds 

germination or growth of wheat seedlings, as seen from the plantlets 

average height and their shape (Control, 11.3 cm; Lots with 1 g of toxic 

sterile, 1.6 cm; Lots washed with 2·10 mL water, 10.4 cm; Lots washed 

with 3·10 mL water, 10.9 cm). Meanwhile, the concentrations of such 

contaminants in the sterile of the dumps were measured.15 The reported 
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concentrations were 676 mg/kg arsenic, 3,119 mg/kg copper, and 2,672 

mg/kg lead, whereas other elements were either less toxic (Ba, Zn) or were 

considered as trace elements.  

 

 
Figure 1. The effect of sterile material collected from one of Tarniţa tailings dumps on the 

germination of wheat caryopses. The measurements were made after the 7th day of 
germination: 1 – Control with 5 mL H2O; 2 – 1 g of sterile material; 3 – 1 g of sterile 
material washed with 2·10 mL water; 4 – 1 g of sterile material washed with 3·10 mL 

water. 

Therefore, we hypothesized that arsenic present in the tailings as 

arsenate or arsenite may have additive toxicity on plants to that of other 

toxic elements such as copper, lead, iron, aluminum. Therefore, in order to 

study the contribution of arsenic to the overall toxicity of the tailings, it was 

necessary to determine the toxic effect of some arsenite- or arsenate-

containing solutions at various concentrations. 
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Figure 2. The effect of the material collected from the tailings dump on the germination of 

Triticum aestivum L. species. Data were collected in the 7th day of the experiment  
(GR – germination rate in %; MM – Mean mass of lot shoots in mg; MH – Mean height of 

the resulted seedlings in cm). 

 
Experiment 2. Germination experiments using wheat caryopses 

showed that arsenite ions at concentrations lower than those in the sterile 

materials of Tarniţa (0.676 mg/g As; 0.09 milimoles/g) are highly toxic to 

wheat seeds and almost completely inhibited both germination and growth 

of seedlings of wheat caryopses (Fig. 3). In this experiment concentrations 

of arsenite solutions ranging from 0.25 mM to 5 mM (1.25 

micromoles/sample to 25 micromoles/sample) were used. 
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Figure 3. Effect of sodium arsenite on wheat seed germination. Seedlings resulted after 7 
days of treatment. Arsenite concentrations: a) Control with H2O; no arsenite; b) 0.25 mM; 

c) 0.826 mM; d) 1.8 mM; and e) 5 mM. 

The germination rate (% germinated caryopses after 7 days) 

decreased from 100% (control) to 96% (AsO3
3-, 0.25 mM), but continuously 

decreased up to 24% as the concentration of arsenite ions increased from 

0.25 mM to 5 mM (Fig. 3). Germination rate decreased linearly with 

increasing arsenite concentration (Fig. 4). However, the shoot heights and 

masses decreased exponentially, suggesting that, following germination, 

seedlings are continuously impaired. These data could be explained by 

inhibition of many SH-groups containing enzymes.16 We have noticed that 

under the action of arsenite, the size of the radicles reduced significantly, 

until disappearing.  

  



                                       Toxicity assessment of arsenite …                                             101    

 

 

Figure 4. The relationship between the wheat germination parameters and arsenite 
concentration.  

Experiment 3. In the next experiment, the role of glutathione on the 

toxicity of arsenite ions during germination tests, using wheat caryopses, 

was investigated (Fig. 5). A decrease in the germination parameters (percent 

of germinated seeds, average weight and length of plantlets) was noticed 

when the seeds were treated with slightly higher concentrations of sodium 

arsenite (0.826 mM and 1.8 mM) in the presence of glutathione (10 mM), 

proving that the thiol group could be blocked by arsenic. However, 

glutathione had a protective role on wheat seed germination in the presence 

of toxic arsenite, probably due to its own thiol group which binds to arsenic 

atom.  
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While a 1.8 mM arsenite solution reduced the germination rate of 

wheat seeds to 64% (Fig. 4), the 10 mM glutathione treatment solution 

increased the germination rate by 36% (Fig. 5). Significant effects were 

noticed when the total masses and mean heights of the resulted seedlings 

had been considered. Mean height of the resulted seedlings decreased with 

0.42 units when a toxic 1.8 mM arsenite solution was used for the treatment 

and compared with a lower concentration (0.826 mM). The 10 mM 

glutathione solution proved to have a slightly protective effect. The total 

mass of the resulted shoots decreased with 0.26 units as well. 

  

Figure 5. The protective role of glutathione against arsenite toxicity during the germination 
of Triticum aestivum L. species. Data were collected in the 7th day of the experiment (GR – 
germination rate; Mass – Total mass of the shoots in lots; TH – Total height; MH – Mean 

height of the resulted seedlings). 

 
Experiment 4. In the fourth experiment, the comparative effect of 

both arsenate and arsenite ions during germination tests on wheat caryopses 
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was investigated (Fig. 6). The toxic activity of the arsenite ion was 

compared with that of the arsenate ion. The last one showed a higher 

toxicity than arsenite, contrary to the literature data (Fig. 6). Thus, 

compared to the control samples, the number of seedlings decreased from an 

average of 48 seedlings per lot to only 40. In addition, the total heights of 

the shoots decreased by 80%, from 517.3 cm in the control lots to 105.9 cm 

in the lots treated with arsenate (Fig. 7). Comparatively, arsenite did not 

affect the number of plants formed. However, the total height of the 

seedlings decreased to only 59%, from 517.3 cm to 306.2 cm. Glutathione 

has shown a protective role, the decrease in the height of the plantlets being 

not significant (498 cm compared with 517 cm). The average height of the 

resulted seedlings was recovered by 63% when sodium arsenite was 

associated with glutathione, namely from 6.29 cm (no GSH) to 9.96 cm 

(with GSH). An average of recovered mass by 66% on adding glutathione 

during the seed germination in the presence of arsenite ions was also 

noticed. 

 

 

Figure 6. Effect of arsenate and arsenite ions on wheat seed germination in the presence of 
glutathione. Seedlings resulted after 7 days of treatment. Treatment solutions: a) Control 

with H2O; b) NaH2AsO4, 1 mM; c) NaH2AsO3, 1 mM + GSH, 10 mM; and d) NaH2AsO3, 1 
mM. 
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Figure 7. The comparative effect of arsenate and arsenite ions during the germination of 
Triticum aestivum L. species. Data were collected in the 7th day of the experiment (GR – 
germination rate; TM – Total mass of lot shoots; TH – Total height; MH – Mean height of 

the resulted seedlings). 

 Experimental 

Materials. All reagents used to carry out chemical and biological 

experiments, were of analytic purity and the solutions were prepared with 

MilliQ grade water (18.2 M·cm). Arsenic trioxide, sodium arsenate 

dibasic heptahydrate, sodium hydroxide and glutathione were purchased 

from Merck (Darmstadt, Germany). Arsenic trioxide was dissolved in the 

corresponding sodium hydroxide solutions to form arsenite solutions used in 

experiments. Biological material consisted in wheat seeds were from Solaris 

Plant S.R.L. Bucharest. The weight of 1000 dried caryopses was 42.4 g. 
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 Treatment solutions and germination tests  

Experiment 1 refers to a sterile material collected from one of the 

tailings dumps, which was used without any treatment or was washed many 

times with distilled water to remove the toxic contaminants. The samples 

consisted of 50 wheat seeds were uniformly deposited on double filter paper 

in Petri dishes together with 1 g of finely dispersed sterile material (Fig. 8). 

A set of sterile samples (1 g each) were previously transferred into test tubes 

and washed once, twice, and three times with 10 mL of distilled water in 

order to release the toxicants. 

 

Figure 8. Sampling points in the Tarniţa-Suceava area, Romania: (a) Tailings dump; (b) 
Contaminated Tărnicioara river (about 50 m away from the tailings dump); (c) Possible 

effect of arsenic and heavy metals on plant leaves in polluted Tarnița area. 

For testing the harmful action of the tailings on the wheat seeds, lots 

of 50 seeds were treated with 5 mL of distilled water (control) for one hour 
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in 180/18 mm test tubes, with discontinuous shaking, and then deposited in 

Petri dishes. The control experiments were performed in the first three Petri 

dishes in the absence of any sterile material. Conversely, the next three 

dishes, each containing 1 g of sterile, which was not extracted with distilled 

water, were used to establish the heavy metals impact on plant development. 

The next seed lots were put to germinate on filter paper containing 1 g of 

sterile material, which was  twice and three times washed with 10 mL of 

distilled water (2 · 10 mL H2O and 3 · 10 mL H2O, respectively). The 

energy and germination rate as well as the height and mass of the resulting 

seedlings were determined.17 

Experiment 2. To determine the effect of arsenic from mining 

wastes from Tarniţa on the germination of wheat caryopses and the 

development of Triticum aestivum L. seedlings, sodium arsenite stock 

solutions were prepared in four replications as follow: 

1) 0.25 mM NaH2AsO3; 2) 0.826 mM NaH2AsO3; 3) 1.8 mM NaH2AsO3; 4) 

5 mM NaH2AsO3. 

These four sodium arsenite solutions of the above-mentioned 

concentrations (0.25 mM, 0.826 mM, 1.8 mM and 5 mM) were used in the 

germination tests on Triticum aestivum L. caryopses (5 mL/50 wheat seeds). 

Distilled water (no NaH2AsO3) was considered a control sample. 

 Experiment 3. The protective effect of glutathione on the 

germination of Triticum aestivum L. caryopses within the arsenite toxicity 

was investigated using stock solutions of sodium arsenite and glutathione, 

prepared in four replications: 

1) 5 mL GSH 10 mM (was considered as control sample); 

2) 5 mL of 0.25 mM NaH2AsO3 + 10 mM GSH; 

3) 5 mL of 0.826 mM NaH2AsO3 + 10 mM GSH; 
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4) 5 mL of 1.8 mM NaH2AsO3 + 10 mM GSH. In the treatment schemes 

(2), (3) and (4) 2.5 mL of 0.5 mM, 2.5 mL of 1.652 mM and 3.6 mM 

NaH2AsO3, respectively, were pipetted into the corresponding test tubes and 

stirred for 30 min, followed by the addition of 2.5 mL of 20 mM GSH and 

stirring from time to time for other 30 min.  

Experiment 4. The comparative effect of arsenate and arsenite 

toxicity on the germination of Triticum aestivum L. caryopses, and the 

protective role of glutathione over arsenite toxicity was assessed. The 

samples of sodium arsenate, sodium arsenite and glutathione, were prepared 

in triplicate and used as follow: 

1) 5 mL of H2O (control); 

2) 5 mL of 1 mM NaH2AsO4; 

3) 2.5 mL of 2 mM NaH2AsO3 for 30 min; then 2.5 mL of 20 mM 

GSH for the next 30 min (that means 5 mL of 1 mM NaH2AsO3 + 10 mM 

GSH); 

4) 5 mL of 1 mM NaH2AsO3. 

Germination tests. Biological tests using standard stock solutions 

were performed in triplicate or tetraplicate. Lots of 50 wheat caryopses were 

introduces into sufficiently large test tubes (180 x 18 mm) to allow mixing 

and then for each sample the treatment solution was added. The mixture was 

subjected to incubation for one hour while intermittently stirring. This 

period of time was sufficient for soaking the caryopses with water (control) 

or extraction solutions. After one hour, caryopses together with the 

treatment solutions were laid as uniformly as possible in 9-cm diameter 

Petri dishes, on double filter paper (Whatman 181). On days 1, 2 and 3, 

Petri dishes were left covered. In the first three germination days, the Petri 

dishes were uncovered, and the wheat caryopses were sprayed with 2-5 of 
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mL of bidistilled water, depending on the level of the liquid in the Petri 

dishes and kept at room temperature. The germination process in the 

presence of treatment solutions lasted for 7 days. 

The first count was made after three days, when were determined the 

number of germinated caryopses (energy of germination, GE, expressed as a 

percentage). A second measurement was performed after seven days, when 

the number of seedlings, number of germinated caryopses but undersized 

properly (germination rate, GR, expressed as a percentage) and number of 

dead caryopses were determined in each Petri dish. For each seedling (H ≥ 

0.5 cm), the stem with leaves (shoots) was harvested from the bottom of the 

caryopses. The results were expressed as the average weight (MM, mg) and 

the average height of seedlings (MH, cm). 

Sampling. Samples of sterile were collected from the sterile dump 

(Fig. 8). The collected samples proved to contain large amounts of arsenic 

and heavy metals, elements which influenced much the germination of 

common wheat species. Analogously, Triticum aestivum L. was used in this 

study as an indicator of toxicity. The arsenite and heavy metal ions from the 

contaminated environment may penetrate the plants, either by absorption 

from soil or by the aerial parts of the plant, as a result of the deposition of 

particulate contaminants. Typically, the amount of these toxic elements 

penetrating through the aerial parts is much lower, while the plants are 

usually washed before being consumed.18 However, part of heavy metals 

and metalloids such as arsenic may accumulate in plants and can be 

recovered from the harvested biomass, reduced as a biocompost, by 

compaction or by heat treatments. 

Statistics. The collected data were validated using the Tukey test.19 

A 95% confidence interval was used to determine error. The standard 
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deviation of triplicate or tetraplicate values was calculated for each 

treatment. Besides, ANOVA was also used to determine the significance of 

results. 

Discussion. The effects of arsenite ions on wheat seed germination, 

early seedling growth, shoot length and mass as well as the protective role 

of glutathione against arsenic toxicity have been investigated. A commercial 

variety of wheat seeds (Triticum aestivum L.) was first used to demonstrate 

the toxicity of arsenic-containing sterile materials from Tarniţa, Suceava 

County in germination biotests. Furthermore, the toxic ions found in soils 

located around the closed mines such as those from Tarnița area can be 

easily removed. In addition, the possibility of inhibiting their toxicity by 

using glutathione was explored. Experiments have shown that glutathione at 

a concentration of 10 mM can be used as a protective agent against arsenite 

dependent toxicity during wheat seed germination and seedling 

development. 

Germination experiments proved to be reliable tool in the 

investigation of plant responses to toxicity of various substances.17 

Recently, the response of wheat during seed germination to different doses 

of herbicides was investigated using materials such as paper, sand or agar-

agar. We also adopted this simple, low costly and reproducible procedure 

recommended by Weiss et al.17 and customize it to wheat seeds in order to 

test the toxicity of environmental contaminants such as arsenic and heavy 

metals. It is well-known that arsenic long-term exposure can lead to 

thickening of the skin, abdominal pain, darker skin, diarrhea, heart disease, 

and even cancer.6 Therefore, its levels in water is recommended to be less 
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than 10–50 µg L-1. Nevertheless, arsenic contamination can be generated 

also by consuming plants grown on contaminated soils. 

 Conclusions  

Interaction between glutathione and sodium arsenite was 

investigated during the seed germination of Triticum aestivum L. test 

species and plant growth. Glutathione exhibited protection against the 

sodium arsenite toxicity and had a protective role on seedling growth. 

However, the data analysis that converge from these typical measurable 

parameters, used to establish a relationship of glutathione with arsenite ions 

by germination tests, is more complex and should be deeply investigated. 

Arsenic as both arsenite and arsenate ions has been shown to be very 

harmful to wheat. Therefore, the germination tests could be trustworthy 

markers for arsenic toxicity. 
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