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halophyte plants. In this regard, the physical model of hydroponic irrigation was
used for water purification by halophyte plants (Aloe-vera and Pampas). The
results showed that phytoremediation by Aloe-vera and Pampas plants reduced
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the salinity and some elements in the water. The comparison of the reduction of
the average concentration of elements by one plant of both Aloe vera and Pampas
plants showed that in a volume of 15 liters of brackish water (with an electrical
conductivity of 5000 uS/cm), sulfur, sodium, and potassium elements were 26,
14 and 8.5 mg/liter respectively, had the highest amount of removal among the
elements. While the highest "removal potential” of elements by this plant was
related to cesium element by 54% and 85%, respectively.

Reducing salinity and
heavy metals in brackish
water using halophyte
plants

1. Introduction

Phytoremediation is a new, cheap, sustainable and environmentally friendly technology that uses plants
and related microorganisms to clean soil, water and atmosphere pollution. The application of this
technology includes the use of vegetation in order to clean the soil and water through the absorption
and removal of pollutants. For the first time in 1983, the use of plants to purify the environment was
presented; But it has taken 30 years to reach its practical and usable concept today. According to the
definition, halophytes are a group of plants that can complete their growth period in a concentration of
about 200 mmol sodium chloride salt (TDS equivalent to 6.11 g/liter). In some sources, halophyte is
defined as a plant that can complete its life cycle in environments with 5 grams per liter of total dissolved
substances. Based on this, the total amount of soluble substances equal to 5 grams per liter has been
determined as the upper limit of tolerance of glycophyte plants to the salinity of irrigation water.
Therefore, due to the lack of fresh water in Iran and the existence of a large volume of ground and
surface saline water, it is necessary and necessary to carry out research related to cost-effective natural
solutions without environmental pollution to reduce the salinity of water sources. Therefore, in this
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research, the salinity reduction of a ground water sample from Zahedan plain has been evaluated using
halophyte plants.

2. Materials and Methods

In order to conduct an experiment to investigate the ability of halophyte plants to absorb elements from
water, two methods have been considered: a) plant cultivation in a pot with coarse sediment and b)
hydroponic method. In this regard, in the first method, pots with a diameter of 25 cm and a height of 20
cm were filled with coarse sand particles of 5-8 mm and aeration to the plant roots was done with an
air pump to prevent suffocation of the roots. While in the second method, rectangular cube containers
made of polyethylene with a volume of 18 liters are considered. Then, light sheets with less density
than water made of unolite were placed on the water inside the containers so that the plant floats and is
stable on the water. In this case, the root of the plant is exposed to air with a short distance and prevents
suffocation and shock caused by lack of air.

Cultivation of plants was done using the first method with three pots using brackish water with electrical
conductivity of 5000 and 16000 micromohs/cm. Also, a pot containing water and without plants was
considered as a control to investigate the effect of evaporation. This experiment was conducted for 26
days. Among the mentioned plants, except aloe vera and pampas (in the presence of water with an
electrical conductivity of 5000 micromohs/cm), the other plants dried up during the experiment.
Therefore, two types of halophyte plants, Aloe Vera and Pampas, were considered for irrigation by
hydroponic method with electrical conductivity of 5000 micromohs/cm along with a container of
brackish water and without plants (as a control to investigate the effect of evaporation).

T Finally, the brackish water was transferred into the test containers and then the Unolite plates were
placed on the container water so that the plants would float on it. In this pilot, plant samples were under
hydroponic irrigation for thirteen and twenty-six days, and after this period, the electrical conductivity
and pH of the container water samples were measured and water samples were taken from them for
chemical analysis. The mentioned samples were analyzed by ICP-OES and ICP-MS devices.

3.  Results

The amounts of different elements removed were considered in the first period. Pampas plant had the
highest and lowest absorption for sulfur and arsenic, respectively, at the rate of 16640 and 0.2
micrograms per liter, and cobalt and nickel elements were not absorbed during this period. In addition,
it can be seen that after sulfur, elements of sodium, magnesium, potassium, calcium, strontium and
silica have been removed from water by the plant.

In the second period, the sulfur element shows the highest absorption compared to other elements, and
the least removal can be seen in the arsenic element. Also, during this period, the plant has reduced the
concentration of sodium, potassium, calcium, silicon, magnesium and strontium elements between 1
and 33 micrograms per liter.

The amount of elements removed from brackish water by aloe vera plant shows that sodium, calcium,
magnesium and sulfur elements were removed the most (around 5000 to 6200 ng/L). Also, cesium
element had the lowest absorption amount of 0.4 micrograms per liter, and nickel and scandium
elements did not absorb. During 26 days of hydroponic irrigation of aloe vera plant with brackish water,
the highest amount of absorption is related to sulfur element (19730 pg/liter). Next are sodium,
potassium, calcium, silica and magnesium with a concentration of more than 1000 micrograms per liter.
The pampas plant has absorbed the main elements, silica and sulfur elements, about 5 and 3 times more
than the aloe vera plant, respectively, and has removed the potassium element from the water
environment a little more than aloe vera. While the aloe vera plant has absorbed nearly 1.5 times more
elements of calcium, magnesium and sodium than the pampas plant. During the experiment, water
salinity has decreased and pampas plant has performed better than aloe vera. Considering that most of
the elements in the water after irrigation have a lower concentration than before irrigation. The reason
for the increase in electrical conductivity of water after irrigation was most likely due to the entry of
organic acids from the growth metabolism of halophyte plants. The decrease in water pH also confirms
it.
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4.  Discussion and Conclusion

Phytoremediation by Aloe Vera and Pampas plants have reduced salinity and some elements in the
tested water. The maximum amount removed by one plant from both Aloe Vera and Papempas plants
in the volume of about 15 liters of saline water for sulfur, sodium and potassium elements is 26, 14 and
8.5 mg/liter, respectively. In the first period, among the main elements, the pampas plant has absorbed
silicon, sulfur and potassium elements more than the aloe vera plant. While the aloe vera plant has
absorbed calcium, magnesium and sodium elements nearly 1.5 times more than the pampas plant. For
secondary elements, it can be seen that the pampas plant removed strontium, aluminum, cadmium,
selenium, molybdenum, barium and rubidium from the water environment more than the aloe vera
plant. On the other hand, aloe vera plant only removed lithium and arsenic elements from water more
than pampas. In the second period, due to the increase in the irrigation period, the amount of reduction
in concentration by plants has increased by 2 to 4 times. However, the reason for the increase in
electrical conductivity of water after irrigation is most likely due to the entry of organic acids from the
growth metabolism of halophyte plants. The highest potential of element removal by aloe vera plant is
related to cesium element by 54%. Elements of nickel, iron, vanadium, copper, chromium, zinc and
lead are in the next ranks with more than 30% removal potential. For pampas plant, the highest potential
of removing elements related to cesium is 85%. Nickel, iron, vanadium and copper elements are in the
next categories with more than 50% removal potential, and elements such as chromium, zinc, lead,
arsenic, molybdenum and lithium have shown a weaker removal potential with 30%.
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